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Abstract
AR applications have mostly considered visual augmentations while excluding other modalities. Recent developments in audio augmented reality (AAR) applications have been based on the definitions of visual AR or mixed reality (MR), and thus, AAR technology development has lacked systematic efforts. We investigated the concept of augmented reality through audio to provide a systematic understanding and generate a taxonomy and a definition for AAR. A conference workshop (N=28), focus groups (N=18), and expert interviews (N=6) generated qualitative data regarding the concept of AAR. Grounded Theory (GT) was used to analyze the data and produce a new taxonomy and a definition. The AAR taxonomy consists of three categories – Environment Connected, Goal Directed, and Context Adapted, with three subcategories respectively. The need for a separate taxonomy for AAR is highlighted to aid in the development of AAR applications in a systematic manner. The taxonomy is expected to be used as a heuristic tool that can guide developers to build AAR applications and can be used in evaluating user experience with AAR applications.
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INTRODUCTION
The concept of Augmented Reality (AR) has existed since 1957 (Azuma et al., 2001; Azuma, 1997; Shamsuddin et al., 2010). As an example of the envisioned potential and promise of this technology, AR displays have been studied by the US Air Force to show benefits on human performance (Rosenberg, 1992, 1993), and similar AR technological developments have come a long way (Azuma et al., 2001; Sutherland, 1968). AR technology has been also used in the medical field to visualize hidden areas similar to X-ray technology or ultrasound visualizations (Bajura et al., 1992; State et al., 1996).  Since 1994, the AR concept has been considered to occupy an area within the Mixed Reality (MR) space on the original Reality-Virtuality Continuum; on this continuum, the real world existed on the left end of the spectrum, and a complete virtual world on the right, with the space in between being categorized as MR (Milgram & Kishino, 1994). Essentially, overlaying digital content on top of a user’s physical reality that provides additional information to the user, and allows for interaction between the virtual content and reality, has been defined as AR (Azuma et al., 2001; Azuma, 1997; Shamsuddin et al., 2010). Some early AR applications include: an AR system for a telerobotic system that allows users to easily measure distance by overlaying a virtual tape measure (Milgram et al., 1995), or overlaying a virtual pointer to relocate a remote robotic system for better control compared to ordinary vision (Drascic et al., 1993), or superimposing 3D graphics for repair and maintenance work in the aviation and automobile industry (Janin et al., 1993; Thomas & David, 1992), or the use of AR-based targeting systems in helicopter pilots’ helmets being among the first applications of AR (Wanstall, 1989). More recently, the use of visual AR cues as a heads-up display to show route guidance, fuel stations, and dangers have been tested (Ogi et al., 2001). Automotive manufacturing and packaging applications have included visual AR systems that visualize body curvature modifications and component locations (Fiorentino et al., 2002). Further improvements to AR in manufacturing are also being investigated for use with Industry 4.0 technologies (Santi et al., 2021). Although unrelated, the combination of AR visual cues with developments in Internet of Things (IoT) technology have been cited to improve interaction and visual perceptions (Arena et al., 2022; Jo & Kim, 2019a, 2019b; Lee et al., 2019). AR cues have also been tested in laparoscopic and orthopedic surgeries to view tool movements that are hidden from direct sight (Pietrzak et al., 2006; Verhey et al., 2020; Vogt et al., 2006). Collaborative applications such as “Gulliver’s World” showed the potential for multiuser visually focused MR applications in the field of edutainment (Lindinger et al., 2006).  Another popular avenue for AR and MR applications have been for entertainment purposes, such as gaming (Henrysson et al., 2005; Crabtree et al., 2004; Piekarski & Thomas, 2002; Rauschnabel et al., 2017). In museums, visual AR cues displayed over paintings have been shown to improve knowledge and experience of museum visitors (tom Dieck et al., 2018) .
What is common among these AR applications is the consideration of digital content in the visual modality since the inception of the concept of AR. This is not entirely surprising because progression towards the right on the Reality-Virtuality Continuum (Milgram & Kishino, 1994) leads to an increasingly virtual world that is perceived primarily through vision. Hence, any augmentations made to the physical real world has first been imagined in the visual modality. However, such augmentations to the user’s reality do not have to be limited to visual content. Auditory augmentations can also enhance or augment the physical world, leading to experiences of Audio Augmented Reality (AAR). The use of the auditory modality to augment reality is a concept that has not been clearly defined, but has been recommended in the literature on AR (Azuma, 1997; National Research Council, 1995). Different use cases have been considered applications of audio augmented reality, but they have not been guided by an accepted definition for the same. Augmented reality audio (ARA) has been used to improve immersion and  performance in the field of audio games and augmented reality audio games (Moustakas et al., 2020, 2009; Rovithis et al., 2014). The use of spatial sound has been shown to significantly improve users’ searching and navigating tasks in an indoor AR environment (Rumiński, 2015). Efforts are also being made to popularize AAR experiences with existing technology to augment the environmental objects with spatialized audio (Yang & Mattern, 2019). 
A popular application of AAR includes audio guided tours for exploration; traditionally, headphones paired to a smartphone have been used to trigger audio playback when the smartphone, a sensor, or the user is within a certain radius from the object(s) of interest (Bederson, 1995; Boletsis & Chasanidou, 2018; Mynatt et al., 1997). More recently, multi-level auditory displays have been tested in museum exploration where different auditory augmentations are provided based on the distance of the observer from the object (Vazquez-Alvarez et al., 2016). In art gallery settings, audio related to objects in the paintings, as well as audio generated from paintings directly have been used to complement visual artwork as a means to enhance art gallery visitor’ experiences (Dam et al., 2023; Nadri et al., 2022; Yang & Chan, 2019). In outdoor exploration, the use of AAR to recreate soundscapes of the physical space has been shown to produce higher affective arousal (Sikora et al., 2018). Similar results have also been shown through the use of earcons and auditory landmarks to augment exploration of an outdoor garden (Vazquez-Alvarez et al., 2012). While these developments have shown promising results in support of AAR, they are independent undertakings that do no share common goals, or a unified understanding of AAR. In fact, it is quite difficult to define the considerations necessary to generate AAR applications, and such auditory displays have mostly been in experimental stages (Krevelen & Poelman, 2010). These challenges begin with what exactly could be considered AAR in the first place; for example, could simply listening to music be considered an example of AAR? Does listening to music through headphones, loudspeakers, or at a live concert change that consideration? Do physical properties, such as loudness or amplitude, play a role in determining if a specific sound could be considered AAR? Is simply providing a sense of immersion, or recreating an alternate acoustic space an AAR experience? Thus, the first step towards creating effective and sustainable AAR applications, is to truly understand what the concept of AAR is, or should be.
[bookmark: _GoBack]Related Work
One of the most prominent works on the topic of taxonomies for emerging displays, such as virtual reality and augmented reality, has been the original Reality-Virtuality Continuum (Milgram & Kishino, 1994). This continuum also provides three dimensions of MR displays, considered in the visual modality. First, Extent of World Knowledge is the ‘where’ and ‘what’ information for an object in the display environment, and is held by the system. Second, Reproduction Fidelity describes how well a virtual object is rendered; the ultimate visual display would make it impossible to distinguish real and virtual objects. Lastly, Extent of Presence Metaphor, describes “the extent to which the observer is intended to feel ‘present’ within the displayed scene”, or the sense of presence user feels in an alternate environment (Milgram & Kishino, 1994). This dimension is not entirely orthogonal from Reproduction Fidelity dimension since the extreme ends of both these dimensions is an indistinguishable virtual world (Milgram & Kishino, 1994). These dimensions were identified through a review of six different types of displays as available in the literature at that time. An update to the Reality-Virtuality Continuum was made in 2021, accounting more for the role of the user instead of the system (Skarbez et al., 2021). In addition to postulating that a fully virtual environment was more of a theoretical construct, Skarbez et al. slightly modified the existing MR dimensions. First, Extent of World Knowledge referred to the ‘where’ and ‘what’ data with greater granularity owing to hardware developments; second, Immersion, defined as the acceptable actions supporting interaction with the environment, resulted from the combination of overlapping dimensions, Reproduction Fidelity and Extent of Presence Metaphor; and third, Coherence described how consistently a system conveyed its capabilities to the user. These revisions were made through a detailed review of the literature. Efforts have also been made to classify existing AR applications along axes such as tracking requirements, type of augmentation displayed, and temporal base of the application; although multi-modality has also been suggested as the fourth axis, classifications were not made on this axis given the anecdotal nature of multimodal AR applications (Normand et al., 2012). Further classification methods have also been made through literature reviews and expert interviews to provide classification frameworks for MR environments, but again, do not describe multi-modality (Speicher et al., 2019). Preliminary work to generate an AAR taxonomy produced three dimensions – Customization, User Context, and Immersion (Dam et al., 2022), but given that they are preliminary findings, these dimensions require further justification and differentiation from existing MR and AR taxonomies.
To generate further discussion and a systematic understanding of the concept of AAR, the current work provides a taxonomy and definition that is grounded in data. Additionally, the taxonomy is described as a heuristic evaluation tool for AAR applications. By introducing a definition for AAR that is generated through data generation and analysis, it is anticipated that this will lead to a unified understanding of the concept by researchers and practitioners. The benefit of realizing such a taxonomy can be seen in the automotive industry, where the existence of a taxonomy on the levels of vehicle automation has led developers to diligently produce reliable automation technology (SAE International, 2021). Thus, providing a systematic understanding, or a taxonomy for the concept of AAR will aid the development of reliable and sustainable AAR applications. Developers may use the taxonomy as a backbone when considering different requirements of an application that could serve as an AAR experience. 
METHODS
The current work followed the methodology of Grounded Theory (GT) (Glaser, 1998, 2005; Niekerk & Roode, 2009); more specifically, given the novel nature of AAR concepts, the authors chose the Glaserian approach to GT (Niekerk & Roode, 2009). In Glaserian GT research,  the focus is on the data, and the purpose is to explain the observed variation in an area of topic. Often times, Glaserian GT studies do not begin with a clear research question, and are garnered towards novel areas of interest, with the goal of generating a theory. The Glaserian GT approach allows for all categories and subcategories to emerge from the data itself, and no additional properties are added to the results; this is also considered an inductive approach where the theory emerges from the data. Review of the literature is also discouraged at the beginning of Glaserian GT studies to avoid biasing the researchers about the data, or area of interest. There are mainly two coding steps with Glaserian GT. The first step is open coding to compare each instance of the data to each other, and generate codes based on similarities and differences; this step starts to reveal the patterns within the data as codes are combined together to create subcategories, and produce a core category. The second step is selective coding, where the relevant subcategories are compared to each other, and to the core category to new categories. Selective coding is iterative, and stops once no new categories emerge from the data, and the saturated categories are able to explain the core category (Furniss et al., 2011; Niekerk & Roode, 2009). Following the principles of Glaserian GT, the current study generated qualitative data to merely obtain a systematic understanding of the concept of AAR and not to answer a specific research question, and thus, allow for all aspects of AAR to emerge from within the data (Tie et al., 2019; Niekerk & Roode, 2009). After the data generation process, two levels of coding were performed. The first stage, Initial coding, was done to fracture the data to begin identifying the possible aspects of AAR, and compare between the aspects to identify what the data suggested (Tie et al., 2019; Niekerk & Roode, 2009). In the second stage, Advanced coding, the identified aspects were grouped together, and differentiated from each other to the extent possible to present saturated aspects (Tie et al., 2019; Glaser, 2005; Hoda et al., 2011; Niekerk & Roode, 2009) until no new aspects could be generated. Finally, the different aspects were tied together to show their contributions towards explaining the concept of AAR. The following subsections discuss the data generation and coding process in further detail. 
Data Generation
The first set of qualitative data was generated through a virtual workshop hosted at the International Conference on Auditory Display (ICAD) 2021, where audio experts, practitioners, researchers, and students (N=28) were invited to participate in a discussion on the concept of augmenting reality through audio (Dam et al., 2021). Attendees participated from USA, UK, Sweden, France, Canada, Netherlands, Italy, Germany, Finland, India, and South Korea; 76% of them were from academia, 21% from industry, and 3% worked in government roles. Attendees’ mean age was 35.7 years (SD=11.5). Data were collected through discussions on Zoom (video conferencing platform), and brainstorming sessions using a virtual Miro whiteboard. Overarching questions such as, “AAR, what is it?”, “Who can benefit the most from AAR?”, “Types of form factors or hardware needed for AAR?”, “Locations of AAR usage?”, and “Applications of AAR?” were posed to the attendees. Attendees posted notes against each question, and discussed in groups. Each group was further tasked with identifying a specific use case of AAR, and generating a persona that would benefit the most from said use case. Each group then presented their findings in the workshop. The workshop concluded with a post-workshop questionnaire that asked attendees to attempt to write a definition of AAR based on what they learned from participating in the workshop. Main takeaways from the workshop was that AAR could be helpful to users who were visually impaired, had cognitive challenges, those in high mental workload conditions, and even surgeons and athletes. Attendees also identified form factors of AAR experiences, for which air and bone conduction earphones were the most popular, but also included wrist wearables and smart glasses. Finally, the most popular use case was identified as the sonification of historical events, followed by sonification of visual artwork and data, wayfinding in the real world, and providing warnings or feedback signals. Thus, through the workshop, data were generated on popular AAR use cases, users who might benefit from AAR, and general considerations for AAR design. 
Next, based on the feedback from the workshop, a preliminary literature review was conducted on databases, including EBSCOhost, IEEE Xplore, ACM Digital Library, and Google Scholar. Different combinations of the following keywords such as, ‘(augmented reality)’ OR ‘(auditory displays)’ OR ‘(augmented reality AND audio)’ OR ‘(audio in AR)’ were used for the initial search. Papers were selected based on availability, relevancy as determined from the abstracts. Keeping in line with the Glaserian GT method which suggests that extensive review of the literature should be delayed until after all data generation activities have taken place and concepts have been developed sufficiently (van Niekerk & Roode, 2009), the preliminary literature review results were limited to the first set of papers which reflected similar concepts to what was ascertained from the workshop. At this stage, the inclusion criteria consisted of availability, relevancy to workshop results, usage of keywords to define acoustical elements in auditory displays, different types of auditory displays, and their related applications. Based on this approach, 16 papers were identified. From each of these papers, data such as relevant keywords and their descriptions, use cases, auditory display design, and form factors of the technology test were extracted. Relevant keywords were any words that described a concept, principle, or method related to audio or AR displays. Use cases were the context, or manner in which auditory or AR displays were used. Auditory display designs were the different ways in which the audio was displayed to the user; these could be stereo, spatial, or multiple channel outputs, egocentric or exocentric displays, etc. Form factors included any description of the hardware that was used in the studies, such as loudspeakers or earphones. These papers with the extracted data are reported in Appendix A.  The findings from this stage, combined with the outcomes from the conference workshop were used to generate a semi-structured interview questions (Appendix B) which were used in the following stages of data generation.
After the preliminary literature review, focus groups were conducted with non-experts; these included individuals without any expertise in audio, or augmented reality technology. Four focus groups were conducted with two, three, seven, and six participants, respectively (N=18). Participants were between the ages of 19 – 28 years, and were recruited from the student population (undergraduate and graduate students) at Virginia Tech, where the study was conducted. The study was approved by the Institutional Review Board. Participants were also compensated at the rate of $10/hr with Amazon gift cards. Participants were invited to join virtual focus groups conducted through Zoom (video conferencing platform), which lasted no more than one and a half hours each. During these virtual focus groups, semi-structured interview questions (Appendix B) were posed to participants. Each participant had the opportunity to respond to each question, and all participants were given the opportunity to further support or counter each other’s statements. Once all participants were satisfied with their responses, and did not feel the need to add anything further, the next question was posed. All focus group meetings were audio-video recorded, and participants’ responses to each question were transcribed by a research team member. These transcripts were recorded using Microsoft Excel.
The last step of data generation included expert interviews. Six experts were invited for one-on-one virtual interviews, which were conducted through Zoom (video conferencing platform). Experts consisted of individuals with a doctorate degree, who had been practicing in industry, or academia for roughly 10 years, and were experts on the topics of auditory displays, or augmented reality (AR) technologies. Of the six, three were audio experts with 13 – 34 years of experience between them, and three were AR experts with 7 – 10 years of experience between them. Their participation was completely voluntary. Experts were asked the same semi-structured interview questions (Appendix B) that were asked in the focus groups. In addition to that, experts were also shown the initial AAR taxonomy described in Dam et al., (2022), and their critical comments were recorded. This preliminary taxonomy is shown in Figure 1.  


Fig. 1. Preliminary Taxonomy; Dam et al. (2022)
If the interviewer (research team member) had any follow up questions, based on the expert’s responses, those questions were discussed further, before moving on to the next semi-structured interview questions. A couple of examples of such questions included, “Is listening to the sounds of an electric guitar in the same room shared AAR?”, and “Do you think there is a distinction between a driver and a passenger’s experience of AAR, given the differences in their primary goals?”. The interviews lasted no more than one hour. Once the invited expert had completed answering all questions, and did not want to add any additional points to any of the questions, and the interviewer (research team member) also did not have any follow up questions, the interview was concluded. All expert interview meetings were audio-video recorded, and experts’ responses to each question was transcribed by a research team member. These transcripts were recorded using Microsoft Excel. The overall procedure followed for the data generation activities is shown in Figure 2.

Fig. 2. Data generation activities
Coding Procedure
After all the responses from the focus groups and expert interviews were transcribed, they were organized into cells on a Microsoft Excel sheet against each question from Appendix B. A single row was dedicated for the all the responses from all experts and focus group participants for a single question from Appendix B. A single column was used to store the responses from a single expert or a single focus group (including all participants). Next, each response was thoroughly reviewed, and restructured into brief concise statements, or codes. This process was repeated for every cell, and a new sheet comprising only of the codes was created. The findings from the workshop, literature review, and the initial taxonomy were used as guides to prepare the codes. The resulting sheet of codes provided a denser version of the qualitative data on which coding steps would be conducted. An example of this from the first expert interview is shown below.
Expert response: "Every scenario I am working on (hospital, entertainment, interaction, ...) applies. There isn't a scenario that does not benefit from Audio AR, even those that are deaf. For the deaf - there is no such thing as completely deaf. It's more a case of where the frequencies/perception become more inefficient such that they can't experience it. They can still feel the physical vibrations, and you can use loudspeakers as haptic devices. I am working on a system for those who are deaf to edit podcasts, so we need to change the pitch into a haptic range so that they can feel the haptic range. There isn't a scenario it does not apply to." 
Code: “Haptic feedback can be considered AAR. Lower than 20 Hz can be felt, but not heard. Dependent on user task.”
Following the Glaserian GT approach, two phases of coding were performed on the data. The first phase was Initial coding (or Open Coding), followed by Advanced coding (or Selective Coding) (Niekerk & Roode, 2009). During the Initial coding phase, the codes in each cell were first compared to the AAR dimensions which were identified in Dam et al., (2022). Following this, the cells were assigned the respective colors – orange for Immersion, green for User Context, and purple for Customization. Furthermore, the most relevant words within the text in each cell was highlighted in yellow. Additionally, if the contents of a cell corresponded to more than one dimension, the corresponding texts were color coded, instead of the cell. If the contents of a cell did not fit into any the above dimensions, those cells were colored cyan. The cyan colored cells were assigned as Miscellaneous category, as they did not share commonalities with the other categories. As this process was repeated to form the initial categories, several cells discussing the ‘relationship of the augmenting audio with the user’s immediate reality’ were identified, and thus, new category emerged from the data which was unique to existing AAR dimensions, or the Miscellaneous category. Such cells and related texts were color coded in blue, and was termed Relation to Reality. As an example, the cell with text, “Story telling aspects qualify to be AAR - sound induced experiences. Context driven YES.  Immersion can vary.” was color coded orange for Immersion since all of the content reflected qualities of immersion a user in a story or an alternate environment; the cell with text, “Transparency, overlay new digital or audio components integrated with reality” was color coded blue for Relationship to Reality as it described qualities of the audio that required integration with the user’s reality.  At the end of the Initial coding phase, there were five categories – Immersion, User Context, Customization, Relationship to Reality, and Miscellaneous . Figure 3 shows a snapshot of the data at the end of the Initial coding process.  Together, these categories tended to represent different aspects or dimensions of the core category of AAR.


Fig. 3. Snapshot of data from Initial coding stage
Next, Advanced coding was performed. During this coding phase, the color coded cells were placed together in a new Microsoft Excel sheet. All color coded cells and texts were placed in single columns of Immersion, Customization, User Context, and Relation to Reality categories each; the cyan colored Miscellaneous cells were also copied in a single column. At this stage, it was also decided to rename to the category Immersion to Sense of Presence; this was done so because Immersion is provided by the system, whereas the user feels a Sense of Presence due to the Immersion provided by the system. Given the need for the audio to be able to change the user’s sense of space, this category was renamed. The content of each cell was compared against the other cells in each category to further saturate the categories in an iterative constant comparative process. Through this process, multiple rows were coalesced to create sub subcategory cells in each category. These sub subcategories were then organized together to form subcategories, which together defined the category itself. Figure 4 shows a snapshot of the sub subcategories and subcategories of the three categories identified during the Advanced coding phase.


Fig. 4. Snapshot of sub subcategories and subcategories during Advanced coding stage
In the Immersion category, sub subcategory cells with text, “Added sense of immersion in alternate environment, yet perceiving the real physical environment.”, “Virtual sound sources must be perceived as part of the physical environment, but be distinguishable too”, and “Audio overlap visual information to improve focus and immersion equal to visual AR”, were put together to create the subcategory of “Sense of an alternate environment”. For the Relation to Reality category, sub subcategory cells with text,  “Audio must be distinct from immediate reality. User must not expect the audio to be part of their reality”, and “Concert sounds, available to everyone, may become part of reality for users, and the audio may no longer be perceived as distinct from environmental sounds. Temporal aspect of perceiving auditory information - reality is adaptive for the user” were put together to define the subcategory of “Audio must adapt to be perceived distinctly from user's immediate reality”. At this stage memos were also created to better distinguish and define the relationship of the categories with each other, and with the core category of AAR. For the category Relation to Reality, the following memo was included, “If loudspeakers are altering everyone's reality, is it still augmentation? If audio has the same meaning for everyone, this sound is now just part of the current reality. In this case, Customization is low since audio is the same for everyone; Immersion is sufficient; User Context is low since audio may be goal independent. In this version of reality, additional sounds (augmented, transformed, diminished) may be AAR, but not the loudspeaker audio since that is now just part of reality. But whether loudspeakers are AAR or not, is User Context driven. If every user's goal is to feel more immersed in an augmented environment, it could be an application of AAR. However, if the loudspeaker audio is not targeted for specific users, it may not be AAR”. During the constant comparison of the Customization and User Context categories, it was observed that they shared overlapping qualities. This was recorded in a memo as, “Customization and User Context could be merged together into Assistance Provided as a new category, since any customizations being made to existing audio or added audio is done so to assist the user in their task. Whatever the customization maybe, it can assist the singular user in one way, while assisting multiple users in another way. Audio AR can be individual and shared experiences, as long as the augmentation assists the user(s)' context of use”. Thus, a new category, Assistance Provided was formed, which was color coded dark green. A subcategory of this category was “Audio cues should be salient to easily distinguish from real world sounds to be useful to the user”; this comprised of the sub subcategories, “Enhancement should be meaningful to the user's primary task”, and “Audio cues should be easily recognized, be representative of something meaningful to the user. Allow for interaction with the real world”. Finally, considerations were also made to combine categories Immersion and Customization. However, after an iterative comparative process of their respective sub subcategories, it was determined to keep these categories separate. This decision was recorded with memos as, “If Immersion and Customization are related, how does it work? Increased Immersion through increased Customization? Then, since customizations are targeted to unique users, the AAR experience becomes more of an individual experience. If Customizations are targeted to a larger group of users, the AAR experience becomes a shared experience. Hence, in the middle, a compromise may exist, where the customizations are done to provide a sufficient sense of Immersion to most users, but additional customizations should be available to user to further increase Immersion at an individual level. Should there be combined into a single dimension, or should be they kept separate? The data does not provide a great sense of overlap between the two dimensions, but it also indicates that Immersion can vary from user to user depending on the customizations available. Customizations, however, should be done to assist the user in their task, or offload mental resources to a different modality, regardless of the need  to feel more immersed. Hence, it is concluded that Customization should not be combined with Immersion”.  The taxonomy at the end of the first iteration of the Advanced coding phase is shown in Figure 5.


Fig. 5. Taxonomy at the end of the first iteration of Advanced coding phase
Furthermore, the Miscellaneous cells were also analyzed and compared against each cell in the other categories. If any similarities were found between them, the Miscellaneous cell was merged into that category. At the end of the first iteration of the Advance coding phase, all relevant Miscellaneous cells were absorbed by the sub subcategories of the other categories, and any remaining Miscellaneous cells were found to be irrelevant to the core category, and therefore, discarded.
Once the three categories were identified from the data, a full review of the sub subcategories, subcategories, categories, and all the codes from the Initial coding phase was repeated. The data, at this stage, were reviewed independently by another research team member to identify any new categories, or isolate any issues that might be present with existing categories. Disputes that arose were discussed with a third research member as a group discussion to settle all concerns. At the end of this review, the category Sense of Presence was revised to Environment Connected to better reflect the need for users to remain connected with the physical environment, while interacting with the augmenting audio sources; Relation to Reality was termed Context Adapted to better capture the notion that the audio cues should adapt to the changes in users’ reality; and Assistance Received was also updated to Goal Directed to better emphasize the need to design audio cues to be assistive to users’ primary goals. These changes were made through an iterative process of comparing the subcategories to the original set of codes, and through further discussion between the research team members. This step is considered as ‘criteria for judging the theory’, and consists of fit, work, relevance, and modifiability (Niekerk & Roode, 2009).  The research team members thoroughly discussed all subcategories and categories to ensure they fit sufficiently well for explaining the variances within the concept of AAR. The team also understood that if new relevant data were to be made available, the proposed taxonomy and definition could be modified.  The final taxonomy and definition that was generated from the data is described in the following section.
RESULTS
AAR Taxonomy and Definition
Complete analysis of the entire data led to three new categories that describe the AAR taxonomy. The taxonomy is visualized in Figure 6, and is described below. 
i. Environment Connected – users’ ability to sense an alternate environment, while maintaining awareness and interaction with their immediate physical environment.
a. Alternate Environment: sense of presence in an alternate environment
b. Physical Environment: awareness and interaction in the physical environment
c. Distinguishability: distinguish between alternate and physical environment audio
ii. Goal Directed – the extent of assistance the user receives from the audio to accomplish their primary goals.
a. Meaningful Recognition: semantically recognizable by users
b. Goal Relevance: directly relevant to be assistive to users’ goals
c. Saliency: as salient as other modality cues in the environment
iii. Context Adapted– the extent of adaptation of the auditory cues given the changes in the users’ immediate reality over time.
a. Social Facilitation: social interaction with other users is possible 
b. Noise Transformation: transform or enhance noise and signal, respectively
c. Adaptability: adapts to users’ immediate physical and temporal reality
It should be noted that subcategories i.c., ii.c, and iii.c. have been represented in the intersecting regions of Figure 6 due to their slightly overlapping nature. The commonality between Distinguishability, Saliency, and Adaptability is the need for the user to be able to tell apart the augmenting or virtual audio from real sounds in the physical environment, but contribute uniquely to the individual categories. A Venn diagram was chosen to represent the different categories of AAR for this reason. The intersection of the three circles is thus termed, augmenting audio. These dimensions, when considered together, define the concept of AAR as follows: “AAR is defined as the augmented auditory stimuli that are goal-directed, immersive, but distinct from the real sounds, and adapted to users’ context.”
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Fig. 6. AAR Taxonomy
DISCUSSION
Environment Connected
The first category describes users’ connection to their immediate physical and alternate immersive environment, while perceiving the augmented auditory content. The first subcategory, Alternate Environment, describes users’ perception of an alternate environment with the auditory augmentations. The auditory cues must provide a sense of presence into an altered or alternate reality for users, and must overlap with the existing physical environment,  so users may experience an enhanced or augmented version of their physical reality.  An example would be playing environment, traffic, and any related sounds in a room to recreate the acoustic environment of an alternate physical space, such as an outdoor crosswalk location (Dam et al., 2022). The second subcategory, Physical Environment, describes users’ need to continuously remain aware of their physical reality. The auditory cues should be reactive to interaction in the physical environment, and the auditory cues should also allow for better interpretation of physical quantities. An example for this would be using the user’s movement in the physical space to display specific auditory content (Reid et al., 2005; Vazquez-Alvarez et al., 2016). The third subcategory is Distinguishability of the virtual auditory cues from the sounds already in the physical environment. This suggests that to maintain a sense of realistic immersion, the auditory cues must appear to be connected in the physical environment, but at the same time should be perceived as being distinct from the sounds of the physical environment. An example of this would include auditory cues playing from a source a user would not normally expect, such as the spatialized sounds of clinking glasses and conversation to indicate the presence of a bar, as they walk past the doors of an otherwise quiet building with a bar inside. 
This aspect could be compared to Sense of Presence Metaphor from the original MR taxonomy (Milgram & Kishino, 1994), but goes beyond immersion, since visual content representing an alternate scene may not necessarily allow for interaction with the physical world. Furthermore, when the visual content is overlayed on top of the real world, users are clearly aware of the distinction between virtual and real objects, whereas with the auditory cues, they should be designed to be plausible yet distinct. Similar requirements on plausibility have been shared in the new MR taxonomy too, such as Coherence (Skarbez et al., 2021), and Place and Plausibility Illusion has been emphasized in increasing immersion through visual content of virtual reality applications (Slater, 2009). While Coherence requires virtual objects to be interactive with physical objects for AR applications, AAR applications will require careful integration of auditory sources into the physical environment to maintain a sense of an alternate environment while allowing for interaction with the physical environment at the same time.
Goal Directed 
The second category is the extent of assistance received through the auditory cues for users to accomplish their primary task; it also has three subcategories. The first is Meaningful Recognition of the cues, which means that the auditory cues should be easily recognized by users and must have a certain meaning to the user. The auditory cues must be designed to semantically assist users in their primary task, without presenting any distractions, and must also be representative of a meaningful quantity to the user so as to not require additional cognitive processing. For example, if a user required walking directions to a destination while engaged in a conversation, the auditory cues should not be distracting and also be meaningful in providing a sense of direction. Spatialized gusts of wind representing direction of travel could be one way to do so. The second subcategory, Goal Relevance, is how related or helpful the auditory cues are with respect to users’ goals. Depending on the context, the cues can provide varying levels of assistance to users with individual or shared goals. For example, the wind gust navigation cues are helpful to a single user’s goal, and maybe confusing to those who do not share the same goal; the wind gusts could be distracting for those who do not need to navigate to the same location at that time. On the other hand, the sounds of a gathered crowd maybe beneficial to attract the attention of all museum visitors since they share a common goal of viewing sculptures. The third subcategory is how Salient the available auditory cues are. The auditory cues should be sufficiently salient so the user may recognize them as helpful cues, and not mistake the cues to simply be background noise. If there are multiple layers of audio displayed sequentially, each layer must maintain these requirements. If the multiple layers are displayed simultaneously, the most assistive or relevant layer should be more salient than the other layer(s). Consider a museum visitor who has been provided a pair of bone conduction earphones, and using them, can hear the sounds of a gathered crowd in the direction of a sculpture; as the user approaches the sculpture, they now hear a new set of auditory cues designed to help them understand the meaning and nature of the sculpture. Similar examples in practice include a system that actively guides users to specific paintings based on users’ interaction with previous paintings in an art gallery, and multilevel auditory displays that display different sounds based on users’ interaction and distance from the paintings (Vazquez-Alvarez et al., 2016; Zimmermann & Lorenz, 2008). 
Such considerations for using audio to augment reality have not been presented in any existing taxonomy as per the authors’ knowledge. One could consider Reproduction Fidelity (Milgram & Kishino, 1994) as an indicator of the amount of assistance a user could receive based on the quality of the virtual content, but this claim could be countered using the uncanny valley argument (McMahan et al., 2016), where even low fidelity productions can have more benefits than medium fidelity. Thus, even if simple auditory cues are sufficiently customized for the intended user, they may be more beneficial to them than highly complex auditory signals that are not specific to a user’s goals.
Context Adapted
The final category in the taxonomy is the dependence of auditory cues design relative to users’ immediate reality, because over time, the space in which the user exists may change. The first subcategory, Social Facilitation, is the adaptation of the cues to users’ environment to not isolate them socially. Auditory cues should be presented using appropriate form factors and physical properties that allow for social collaboration between multiple users. Considerations should be made, especially when multiple users are involved, to create equitable experiences, meaning even users without the necessary hardware to experience AAR are able to have a similar, if not the same, enhanced experience so they too are able to discuss the AAR experience with all users involved . For example, consider two users interested in viewing a famous painting that is accompanied with auditory cues; one user may want to view the painting up close, and a second user may prefer to view it from a distance. In such cases, the AAR cues should be presented to the first user with speakers at loudness levels that are only audible at distances of under 2.5 ft (Vazquez-Alvarez et al., 2016). Simultaneously, the same AAR cues should also be made available to the second user farther away, but streamed through a pair of bone or cartilage conduction earphones and presented at the same loudness levels. This way each user receives the cues individually, but are able to collaboratively discuss their experiences while enjoying the experience from relatively different spaces. In fact, such demonstrations could evolve such that the movement and affinity of the first user from the painting will affect or trigger the auditory cues for the user farther away. The second subcategory is Noise Transformation of sounds already in the user’s immediate reality. The multitude of auditory stimulus present at any given moment may not be useful to the user and might be considered noise. If these noises were transformed into signals to augment the user’s reality, it would be considered a form of AAR. Alternatively, these noises may be selectively eliminated through noise cancellation to reduce clutter, which is currently referred to as Diminished Reality (Murph et al., 2021; Sawabe et al., 2016). Transforming the noise of a jack hammer from the nearby construction zone into auditory cues that act as a meaningful signal, or completely eliminating the noise can both be examples of AAR. On the other hand, auditory signals already present in a user’s immediate reality may be enhanced further to augment the user’s reality. For example, the use of a hearing aid to enhance speech can be considered a form of AAR already in use. The third subcategory has to do with the audio cues Adapting to users’ temporal and spatial reality to keep users aware of the augmenting audio. If the same augmenting cues are presented to users over an extended period of time in varying levels of background noise, they may be difficult to recognize as augmenting cues and begin to be perceived as part of the background noise, thereby losing their augmenting capabilities. It has also been shown that the human brain requires additional cognitive resources when processing speech in the presence of noise, since the brain needs to filter out ‘noisy’ stimuli (Manan et al., 2013; Salvi et al., 2002). Therefore, if the augmenting cues start to become ‘noise’ or simply part of the general environmental sounds, any additional auditory stimulus, especially speech, will require greater effort to process. As an example, consider a user using the ‘click’ of a metronome to maintain a walking pace when on a long walk. Over time, it is likely that the user will become habituated to the metronome’s ‘click’ leading to a detriment in the significance of the ‘click’ with respect to the user’s immediate reality, and thus, may begin to cognitively filter out the ‘clicks’. Repeated exposure of pleasant stimulus for even five minutes has been shown to reduce emotional valence ratings for the same stimulus, and similar results have also been seen with unpleasant stimulus becoming less unpleasant after a 30 minutes exposure period (Codispoti et al., 2006; Leventhal et al., 2007; Mutschler et al., 2010). In these situations, the ‘click’ must adapt to the user’s environment to become significant again. Even though it has been demonstrated that humans may intentionally or spontaneously adopt auditory-motor synchronization leading to entrainment from insignificant metronome clicks (Cadena-Valencia et al., 2018; Néda et al., 2000; Repp, 2006; Varlet et al., 2018), it has also been shown that simple repetition is not sufficient to avoid habituation to an auditory stimulus, but rather the relationship of the nature of the stimulus to the current adaptive situation should be considered to avoid habituation (WORDEN, 1973). Therefore, the sound of the ‘click’ should evolve or update with time to be perceived as AAR. Additionally, if the user’s physical space changed such that it included noise capable of masking the ‘click’ (construction zone noises), the ‘click’ should adapt to remain distinct from the sounds of the physical reality to facilitate recognition with low cognitive efforts. 
	These temporal adaptations to the User’s Reality could be compared to the dimension Extent of World Knowledge (Milgram & Kishino, 1994). However, here it is less about the ‘where’ and ‘what’, and more about the ‘how’, relative to the user. Such considerations have also been addressed in the updated version of Extent of World Knowledge (Skarbez et al., 2021), and the current work further confirms the need for it in auditory augmentations. Similarly, the need to maintain social collaborations in such experiences has also been described as “# Users”, or ‘number of users’ (Speicher et al., 2019), and the current work corroborates this requirement for AAR experiences.
Heuristic and User Experience Evaluation Tool
The taxonomy described can be used in two ways. First, as a heuristics tool and second as a user experience evaluation tool in user studies. As a heuristics tool, it can serve as a guide for system requirements to provide strong AAR experience. Table 1 shows the taxonomy as a heuristic guide. Each question can be answered in the form of binary responses, Yes (1) or No (0), for a total score of 9. 



Table 1. AAR Heuristics
	Q1.
	Does the audio augmented reality provide a sense of presence in an alternate environment?
	☐

	Q2.
	Does the audio augmented reality allow the user to maintain awareness and interaction with their physical environment?
	☐

	Q3.
	Does the audio augmented reality allow the user to easily distinguish between augmenting and real audio?
	☐

	Q4.
	Is the audio augmented reality meaningful to the user and their goals?
	☐

	Q5.
	Is the audio augmented reality helpful to the user and their goals?
	☐

	Q6.
	Is the audio augmented reality sufficiently salient for the user and their goals?
	☐

	Q7.
	Is social interaction possible in the audio augmented reality?
	☐

	Q8.
	At any point, is the audio augmented reality based on transformation or enhancement of noise or signals, respectively, from the user’s immediate physical environment?
	☐

	Q9.
	Does the audio augmented reality continuously adapt to the user’s immediate physical environment?
	☐



Following this, developers and researchers can build AAR systems that include all nine subcategories of AAR. However, simple inclusion of AAR categories and subcategories may not be sufficient in determining whether it leads to a strong or weak AAR experience. User studies will still be necessary to determine the overall quality. In such studies, it is suggested that researchers generate statements referring to each subcategory, and ask participants to rate their level of agreement each statement  on a scale of 0-5 , where ‘0’ indicates “not applicable”, ‘1’ indicates “strongly disagree”, ‘2’ indicates “disagree”, ‘3’ indicates “neutral”, ‘4’ indicates “agree”, and ‘5’ indicates “strongly agree”.  Then researchers can generate a score for each category, as well as a total AAR score.
LIMITATIONS AND FUTURE WORK
First, the current work is solely a qualitative research undertaking, and as such suffers from the same limitations as any qualitative study, which is the possibility of a lack of coherence in identified themes and categories (Holloway & Todres, 2003). Second, the challenges to successful application of the Grounded Theory methodology should also be noted (Tie et al., 2019). It is possible that the questions (Appendix B) generated through the preliminary literature review and feedback from the workshop attendees, could have biased the opinion of the focus group members and experts. As such, it may have affected the opinions expressed, and overall conclusions drawn from the data following a Glaserian Grounded Theory approach. It is also possible that by reviewing the literature after the first twosteps of data generation, the research team members were also biased in their philosophical positioning on the topic. Furthermore, it is possible that the overall precision of the procedure followed in this study could have been improved through increased memoing efforts. The third limitation to note is the lack of any quantitative analysis of the data. No meta-analysis of existing AR, MR, or AAR taxonomies, or empirical work was performed, which leaves room for future research on the topic. Future work should aim to generate and validate a formal AAR user experience questionnaire using empirical studies. Furthermore, future work should corroborate the categories of the taxonomy through comparison to existing and new AAR applications.
CONCLUSION
A limited but influential number of works have attempted to provide a systematic understanding of emerging technologies such as virtual and augmented displays. Such works have mostly been influenced by existing displays (Milgram & Kishino, 1994; Skarbez et al., 2021), and have essentially considered MR and AR displays  to exist in the visual modality. Given that reality is perceived not just through vision, considerations must be given to other modalities as well. Therefore, to assist in the development of new display technologies that can augment reality through an alternate modality, such as audio, the current work was undertaken to provide a taxonomy and definition for the concept of Audio Augmented Reality (AAR). This was achieved through a Grounded Theory study where qualitative data were generated and analyzed using a Glaserian approach. The current work provides new unique categories and subcategories that should be considered when developing AAR applications, and a definition of AAR that is grounded in data. Categories such as Reality Dependence, and Perceived Assistance highlight the temporal aspects of auditory displays, and the need for goal oriented sound design, while World Connection maintains the traditional needs of an AR display. 
	The definition of AAR, as produced through the current Grounded Theory study, is expected to provide a systematic understanding of the concept of AAR, and further aid in the development of AAR technologies. The taxonomy is expected to serve as heuristics list that developers can rely on when building applications for different use cases. It can also be used by researchers in user studies to further evaluate AAR systems through user experience ratings. The AAR taxonomy and definition is expected to function as the next step in understanding multi modal reality augmenting displays.



APPENDIX A
1. Vazquez-Alvarez, Y., Aylett, M. P., Brewster, S. A., Jungenfeld, R. V., & Virolainen, A. (2015). Designing interactions with multilevel auditory displays in mobile audio-augmented reality. ACM Transactions on Computer-Human Interaction (TOCHI), 23(1), 1-30.
a. Keywords: 
i. AAR (Audio Augmented Reality): action of superimposing virtual sound sources upon real-world objects
ii. Activation Zone: physical location within which additional auditory information becomes available.
b. Use case: Visual attention compromised by real visual objects in the surrounding environment. Indoor space explorations (museums, art galleries)
c. Auditory display design: Multilevel, segregated by physical location. On each level, audio is spatialized either egocentrically, or exocentrically.
d. Form factors: Earphones for sound output, hand-held eyes-free clicker for sound selection or interaction, motion tracking through IR blaster and receiver, indoor mobile location
2. Cavalcanti, V. C., de Santana Ferreira, M. I., Teichrieb, V., Barioni, R. R., Correia, W. F. M., & Da Gama, A. E. F. (2019). Usability and effects of text, image and audio feedback on exercise correction during augmented reality based motor rehabilitation. Computers & Graphics, 85, 100-110.
a. Keywords: 
i. AR audio feedback: auditory feedback played through speakers to provide corrective cues.
b. Use case: Indoor gamified motor rehabilitation exercises with auditory cues to provide correct movement.
c. Auditory display design: Real time speaker output placed in front of user in AR guided rehabilitation application.
d. Form factors: Speakers for sound output, motion tracking through Kinect device, static location.
3. Sikora, M., Russo, M., Đerek, J., & Jurčević, A. (2018). Soundscape of an archaeological site recreated with audio augmented reality. ACM Transactions on Multimedia Computing, Communications, and Applications (TOMM), 14(3), 1-22.
a. Keywords:
i. AR: combines virtual and real contents, the virtual content is associated with real-world information, it runs interactively in 3D in real time
ii. Soundscape: the acoustic environment as perceived or experienced and/or understood by a person or people, in context
iii. Keynote sounds: mostly background sounds such as wind, water, birds, insects
iv. Sound signals: foreground sounds such as whistles, bells, horns
v. Soundmarks: sounds unique to a soundscape area
vi. Soundscape listening : holistic (general impression of the sonic environment; attentive (discerning particular sounds in the sonic environment)
vii. Soundwalk: subjective measure of immersion; questionnaire answered by participants after experiencing a soundscape covering aspects such as pleasantness, eventfulness, emotional state
b. Use case: Soundscape recreation
c. Auditory display design: localized sounds played through headphones depending on their location in the site which was guided using a smartphone app	
d. Form factors: smartphone, headphones
4. Krzyzaniak, M., Frohlich, D., & Jackson, P. J. (2019, September). Six types of audio that DEFY reality! A taxonomy of audio augmented reality with examples. In Proceedings of the 14th International Audio Mostly Conference: A Journey in Sound (pp. 160-167).
a. Keywords:
i. AAR: Audio Augmented Reality
ii. Enchantment: adding meaningful sound to an object that would not otherwise make meaningful sound.
iii. Blending: combining digital sounds with the natural sounds of the environment to produce sound reinforcements
iv. Overlaying: using audio to provide a user with additional information that is relevant to their current activity.
v. Digital Sound-Objects: the treatment of digital sound as an ontological token, and placing it at a definite place in the physical world.
vi. Realtime Digital Modification: digitally modifying sounds of objects that are capable of producing their own acoustical sounds
vii. Telepresence: using sound to merge two or more locations.
b. Use case:
i. Enchanted paper/books/maps/sports equipment
ii. Karaoke
iii. Conversational Agents, Self-guided museum tours
iv. Sound attached to virtual objects in AR Games, Geolocated sound
v. In-ear translation, Electric guitar distortion pedals
vi. Telephone, Treadmill sound walks
c. Auditory display design: N/A
d. Form factors: N/A
5. Heller, F., Jevanesan, J., Dietrich, P., & Borchers, J. (2016, September). Where are we? evaluating the current rendering fidelity of mobile audio augmented reality systems. In Proceedings of the 18th International Conference on Human-Computer Interaction with Mobile Devices and Services (pp. 278-282).
a. Keywords:
i. MAARS (Mobile Audio Augmented Reality Systems): head position and orientation tracking allows spatial audio rendering algorithms to place sound sources around the user's head and provides virtual audio overlayed over the physical space.
ii. Localization performance: ability to correctly localize virtual sound source while using a mobile system.
iii. General Head Related Transfer Function: generalized HRTF that modifies a sound reaching the ear depending on its origin relative to the listener's head orientation.
b. Use case: Ability of end users to accurately localize virtual sound sources in a physical space.
c. Auditory display design: N/A
d. Form factors: N/A
6. Vazquez-Alvarez, Y., Oakley, I., & Brewster, S. A. (2012). Auditory display design for exploration in mobile audio-augmented reality. Personal and Ubiquitous computing, 16(8), 987-999.
a. Keywords: 
i. MAARE (Mobile Audio Augmented Reality Environment): soundscape
ii. Exploration (User behavior): degree of immersion in a soundscape being measure by extent of exploration, or walking speed and head movements (stopping instances, scanning)
iii. Capture Radius/Proximity Zones: region within which virtual sounds are activated for the listener
iv. 3D Spatial audio: using spatial audio through air conduction systems to provide audio cues to appear to emanate from different locations, which help to reduce overlapping of proximity zones, and improve localization
v. Spatial audio: sound that varies only by volume or listening level to denote distance from the user (no directional cues)
vi. Earcons: non-speech animal sounds (keynote sounds) played in the background for each proximity zone.
b. Use case: Outdoor audio augmented exploration through the use of 3D spatial earcons of a sound garden by measuring user behavior (walking speed, head movements, stopping instances)
c. Auditory display design: Earcons presented in stereo, plain spatial audio (volume variation only to denote distance), 3D spatial audio (volume variation plus directional variation for full spatialization)
d. Form factors: Air conduction headphones, GPS sensor, head tracker (JAKE), mobile phone
7. Heller, F., Krämer, A., & Borchers, J. (2014, April). Simplifying orientation measurement for mobile audio augmented reality applications. In Proceedings of the SIGCHI Conference on Human Factors in Computing Systems (pp. 615-624).
a. Keywords:
i. AAR: audio augmented reality systems, overlaying the physical world with a virtual audio space.
ii. MAARS (Mobile Audio Augmented Reality Systems): head position and orientation tracking allows spatial audio rendering algorithms to place sound sources around the user's head and provides virtual audio overlayed over the physical space.
iii. Spatial audio: special filters applied to recorded audio signals, giving the impression of the sound emanating from a source in the physical space.
b. Use case: N/A
c. Auditory display design: N/A
d. Form factors: N/A
8. Boletsis, C., & Chasanidou, D. (2018). Audio augmented reality in public transport for exploring tourist sites. Proceedings of the 10th Nordic Conference on Human-Computer Interaction, 721–725. https://doi.org/10.1145/3240167.3240243
a. Keywords: 
i. Audio Augmented Reality - a mature subfield of mobile AR.			
b. Use case: To present information to tourists in a user friendly way
c. Auditory display design: Localized sounds played through the headset to the users, depending either on the path they are taking through some tourist site, or based on what points of interest they may be near to.
d. Form factors: Headphones
9. Rämö, J., & Välimäki, V. (2012). Digital Augmented Reality Audio Headset. Journal of Electrical and Computer Engineering, 2012, 1–13. https://doi.org/10.1155/2012/457374
a. Keywords:
i. Augmented Reality: real-time combination of real and virtual worlds.
ii. Augmented Reality Audio (ARA): combines everyday surrounding sounds and virtual sounds in real time.
iii. Pseudo – acoustic environment: the copy of the surrounding sounds that have gone through the ARA headset.
iv. Pressure chamber principle: to enhance the low and middle frequencies of the audio.
v. Binaural telephony: when the two ear-microphone signals from both users are transmitted to each other.
vi. Latency: the elapsed time between a stimulus and the response.
b. Use case: No particular use case, mostly to research effectiveness of a particular technology. Some general use cases noted include communication, binaural telephony, audio teleconferences, and virtual audio tour guides.		
c. Auditory display design: Sounds played through the headset/headphones to the users, through the listening test, in order to determine how effective the headset is.
d. Form factors: Headset/headphones
10. Bederson, B. B. (1995). Audio augmented reality: A prototype automated tour guide. Conference Companion on Human Factors in Computing Systems  - CHI ’95, 210–211. https://doi.org/10.1145/223355.223526
a. Keywords:
i. Augmented Reality: uses computers to enhance the richness of the real world; an attempt to combine our real world interactions with the richness of computational information without isolating people from each other.
b. Use case: To create a tour guide for museum tourists that don't isolate them, while also being more user friendly and allowing for freedom of movement.	
c. Auditory display design: Sounds play through the system to the users based upon the location of the users in a museum and their proximity to certain pieces of the exhibit therein.
d. Form factors: A headset (with a random-access digital audio source, a microprocessor, and a custom infrared receiver)
11. A Rumiński, D. (2015). An experimental study of spatial sound usefulness in searching and navigating through AR environments. Virtual Reality, 19(3–4), 223–233. https://doi.org/10.1007/s10055-015-0274-4
a. Keywords:
i. AR: superimposing computer-generated content, such as interactive 2D and 3D multimedia objects, in real time, on a view of real objects.
ii. CARE: contextual AR Environment
iii. CARL: contextual AR Language
iv. Spatial Sound: 3D Sound from virtual sources that varies with pitch and yaw angle between camera and object, as well as with distance and height of the camera from the center of the object.
b. Use case: Indoor virtual object finding				
c. Auditory display design: Spatial audio sources that increases in loudness as you get closer to the source, with sources playing simultaneously.
d. Form factors: Headphones, remaining hardware devices unclear. Smartphone suspected. Software implementation used CARL to provide spatial audio in the AR environment.
12. Albrecht, R., Lokki, T., & Savioja, L. (2011). A mobile augmented reality audio system with binaural microphones. Proceedings of Interacting with Sound Workshop on Exploring Context-Aware, Local and Social Audio Applications - IwS ’11, 7–11. https://doi.org/10.1145/2019335.2019337
a. Keywords:
i. Hear-through AR: allowing the user “to hear the surrounding acoustic environment while adding virtual sounds to the auditory perception”.
ii. The Occlusion Effect: the amplification of low frequency sounds conducted through bone and tissue, which comes from the ear canals.
iii. Pure AR Applications: “Where the real environment is augmented with virtual objects, which depend on the real environment and add information related to it.”
b. Use case: No particular use case, but potentially useful for virtual museum guides or a messaging application.			
c. Auditory display design: Sounds play through the system that are overlayed over the natural environment (through microphones added to the headphones) that allow for a less intrusive system.
d. Form factors: Modified headphones with microphones attached to them.
13. Lawton, M., Cunningham, S., & Convery, I. (2020, September). Nature soundscapes: an audio augmented reality experience. In Proceedings of the 15th International Conference on Audio Mostly (pp. 85-92).
a. Keywords:
i. Static Experience: participant is static, and sound plays around them.
ii. In Motion Experience: sound sources are fixed in the environment and used to guide participants as they move through a trail.
iii. SAMR (Substitution, Augmentation, Modification, Redefinition: framework to evaluate the adoption of technology in an educational context
b. Use case: Generate awareness about species conservation by recreating nature soundscapes using AAR. Static experience created by using speakers in four corners in a forest clearing that can be heard by multiple people within that area.		
c. Auditory display design: Single level 4 loudspeaker system providing shared experiences
d. Form factors: Four channel loudspeaker, each capable of producing independent sounds. Physically connected through wires, tied to the audio interface system.
14. Kiefer, C., & Chevalier, C. (2018, June). Towards New Modes of Collective Musical Expression through Audio Augmented Reality. In NIME (pp. 25-28).
a. Keywords:
i. Audio Augmented Reality: real time computational mediation of sound perception, mixing live digitally processed sound with real environmental sound
ii. Instrument-ness: way in which a musical instrument is controlled and conceptualized as a medium for creative action, as a feedback loop between interface, software, and audience creative expression
iii. Collectiveness: sense of belonging and generating sounds with a group
b. Use case: Musical Experiences with a collective audience.
c. Auditory display design:
i. Compression of upper-mid frequencies to amplify breath and bodily sounds
ii. Spatialization of upper-mid frequencies using different band-pass filtered reverbs in each ear
d. Form factors: BC headset with microphone and phone app, and parabolic acoustic reflector installation
15. Yang, J., & Mattern, F. (2019). Audio augmented reality for human-object interactions. Adjunct Proceedings of the 2019 ACM International Joint Conference on Pervasive and Ubiquitous Computing and Proceedings of the 2019 ACM International Symposium on Wearable Computers, 408–412. https://doi.org/10.1145/3341162.3349302
a. Keywords: 
i. 3D Sound: sounds that are spatialized virtually but are perceived as originating from real locations in the space
b. Use case: Various (sound localization in particular, but references to museum experiences, redirect user attention, provide notifications, create new music experiences, etc.)	
c. Auditory display design: Headset system that plays synthesized audio of certain objects in the user's field
d. Form factors: Over ear headphones, environment cameras, head mounted cameras, magnetic/radio frequency modules, or headphone integrated motion sensors
16. Moustakas, N., Rovithis, E., Vogklis, K., & Floros, A. (2020). Adaptive Audio Mixing for Enhancing Immersion in Augmented Reality Audio Games. Companion Publication of the 2020 International Conference on Multimodal Interaction, 220–227. https://doi.org/10.1145/3395035.3425325
a. Keywords:
i. Augmented Reality (AR): “a field comprising technologies that allow for the enhancement of the real world with virtual audiovisual information, thus shaping highly immersive ways of interaction between users and their surroundings”
ii. Audio Games (AG): “are electronic games that utilize sound, and more specifically data sonification techniques, in order to represent all aspects of their content, including space, mechanics, plot, narration, setup, and feedback.”
b. Use case: Mobile game purposes, both in outside and indoor environments	
c. Auditory display design: Computer and headset system where audio would play from a certain direction that the user would have to identify.
d. Form factors: The use of a handheld mobile system, a computer system, and a Philips SHN2500 headsets.

APPENDIX B
	Q1.
	What is your understanding of AR?

	Q2.
	Do you think listening to music, through loudspeakers or earphones, can be considered an example of augmented reality?

	Q3.
	Which use cases or scenarios, do you think, will benefit users the most as an application of AAR?

	Q4.
	Can you discuss which users in particular might benefit the most in their respective scenarios from AAR?

	Q5.
	In terms of auditory displays, which is the most important aspect, with respect to human hearing, for providing information? (ego vs. exo-centric display, spatialized vs. non-spatialized sound, speech vs. non-speech sounds, amplitude, pitch, etc.)

	Q6.
	What form factors (hardware, such as earphones) do you imagine being used in application of AAR?

	Q7.
	Based on this discussion, how would you define AAR?

	Q8.
	As an emerging field, what future directions do you envision for AAR? For example, vision-based AR systems have matured for application in aircrafts and vehicles as Heads Up Displays (HUDs).

	Q9.
	According to you, what are the requirements for sound to be considered an application of audio augmented reality (AAR)?
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		Paper		Keyword		Description		Use Case		Auditory Display Design		Form Factors		Additional Notes

		Vazquez-Alvarez, Y., Aylett, M. P., Brewster, S. A., Jungenfeld, R. V., & Virolainen, A. (2015). Designing interactions with multilevel auditory displays in mobile audio-augmented reality. ACM Transactions on Computer-Human Interaction (TOCHI), 23(1), 1-30.		AAR - Audio Augmented Reality		Action of superimposing virtual sound sources upon real-world objects		Visual attention compromised by real visual objects in the surrounding environment. Indoor space explorations - museums, art galleries.		Multilevel, segregated by physical location. On each level, audio is spatialized either egocentrically, or exocentrically.		Earphones for sound output, hand-held eyes-free clicker for sound selection or interaction, motion tracking through IR blaster and receiver, indoor mobile location



				Activation Zone		Physical location within which additional auditory information becomes available.

		Cavalcanti, V. C., de Santana Ferreira, M. I., Teichrieb, V., Barioni, R. R., Correia, W. F. M., & Da Gama, A. E. F. (2019). Usability and effects of text, image and audio feedback on exercise correction during augmented reality based motor rehabilitation. Computers & Graphics, 85, 100-110.		AR audio feedback		Auditory feedback played through speakers to provide corrective cues.		Indoor gamified motor rehabilatation exercises with auditory cues to provide correct movement.		Real time speaker output placed in front of user in AR guided rehabilatation application.		Speakers for sound output, motion tracking through Kinect device, static locaiton

		Sikora, M., Russo, M., Đerek, J., & Jurčević, A. (2018). Soundscape of an archaeological site recreated with audio augmented reality. ACM Transactions on Multimedia Computing, Communications, and Applications (TOMM), 14(3), 1-22.		AR		—it combines virtual and real contents, — the virtual content is associated with real-world information, —it runs interactively in 3D in real time		Soundscape recreation		Localized sounds played through headphones depending on their location in the site which was guided using a smartphone app		Smartphone, headphones

				Soundscape		the acoustic environment as perceived or experienced and/or understood by a person or people, in context

				Keynote sounds		Mostly background sounds such as wind, water, birds, insects

				Sound signals		Foreground sounds such as whistles, bells, horns

				Soundmarks		Sounds unique to a soundscape area

				Soundscape listening - holistic		General impression of the sonic environment

				Soundscape listening - attentive		Discerning particular sounds in the sonic enviornment

				Soundwalk		Subjective measure of immersion; questionnaire answered by participants after experiencing a soundscape covering aspects such as pleasantness, eventfulness, emotional state

		Krzyzaniak, M., Frohlich, D., & Jackson, P. J. (2019, September). Six types of audio that DEFY reality! A taxonomy of audio augmented reality with examples. In Proceedings of the 14th International Audio Mostly Conference: A Journey in Sound (pp. 160-167).		AAR		Audio Augmented Reality

				Enchantment		Adding meaningful sound to an object that would not otherwise make meaningful sound.		Enchanted paper/books/maps/sports equipment

				Blending		Combining digital sounds with the natural sounds of the environment to produce sound reinforcements		Karaoke

				Overlaying		Using audio to provide a user with additional information that is relevant to their current activity.		Conversational Agents, Self-guided museum tours

				Digital Sound-Objects		The treatment of digital sound as an ontological token, and placing it at a definite place in the physical world.		Sound attached to virtual objects in AR Games, Geolocated sound

				Realtime Digital Modification		Digitally modifying sounds of objects that are capable of producing their own acoustical sounds		In-ear translation, Electric guitar distortion pedals

				Telepresence		Using sound to merge two or more locations.		Telephone, Treadmill sound walks

		Heller, F., Jevanesan, J., Dietrich, P., & Borchers, J. (2016, September). Where are we? evaluating the current rendering fidelity of mobile audio augmented reality systems. In Proceedings of the 18th International Conference on Human-Computer Interaction with Mobile Devices and Services (pp. 278-282).		MAARS		Mobile Audio Augmented Reality Systems - head position and orientation tracking allows spatial audio rendering algorithms to place sound sources around the user's head and provides virtual audio overlayed over the physical space. 		Ability of end users to accurately localize virtual sound sources in a physical space.

				Localization performance		Ability to correctly localize virtual sound source while using a mobile system.

				General HRTF		Generalized Head Related Transfer Function that modifies a sound reaching the ear depending on its origin relative to the listener's head orientation.

		Vazquez-Alvarez, Y., Oakley, I., & Brewster, S. A. (2012). Auditory display design for exploration in mobile audio-augmented reality. Personal and Ubiquitous computing, 16(8), 987-999.		MAARE		Mobile Audio Augmented Reality Environment (Soundscape)		Outdoor audio augmented exploration through the use of 3D spatial earcons of a sound garden by measuring user behavior (walking speed, head movements, stopping instances)		Earcons presented in stereo, plain spatial audio (volume variation only to denote distance), 3D spatial audio (volume variation plus directional variation for full spatialization)		AC headphones, GPS sensor, head tracker (JAKE), mobile phone

				Exploration (User behavior)		Degree of immersion in a soundscape being measure by extent of exploration, or walking speed and head movements (stopping instances, scanning)

				Capture Radius/Proximity Zones		Region within which virtual sounds are activated for the listener

				3D Spatial audio		Using spatial audio through air conduction systems to provide audio cues to appear to emanate from different locations, which help to reduce overlapping of proximity zones, and improve localization

				Spatial audio		Sound that varies only by volume or listening level to denote distance from the user (no directional cues)

				Earcons		Non-speech animal sounds (keynote sounds) played in the background for each proximity zone.

		Heller, F., Krämer, A., & Borchers, J. (2014, April). Simplifying orientation measurement for mobile audio augmented reality applications. In Proceedings of the SIGCHI Conference on Human Factors in Computing Systems (pp. 615-624).		AAR		Audio Augmented Reality systems, overlaying the physical world with a virtual audio space.

				MAARS		Mobile Audio Augmented Reality Systems - head position and orientation tracking allows spatial audio rendering algorithms to place sound sources around the user's head and provides virtual audio overlayed over the physical space. 

				Spatial audio		Special filters applied to recorded audio signals, giving the impression of the sound emanating from a source in the physical space.

		Bolsteis, C., Chasanidou, D. (2018, October). Audio Augmented Reality in Public Transport for Exploring Tourist Sites.		Audio Augmented Reality		A mature subfield of mobile AR.		To present information to tourists in a user friendly way		Localized sounds played through the headset to the users, depending either on the path they are taking through some tourist site, or based on what points of intereset they may be near to.		Headphones

		Valimaki, V., Ramo, J. (2012, September). Digital Augmented Reality Audio Headset.		Augmented Reality		Real-time combination of real and virtual worlds.		No particular use case, mostly to research effectiveness of a particular technology. Some general use cases noted include communication, binaural telephony, audio teleconferences, and virtual audio tour guides.		Sounds played through the headset/headphones to the users, through the listening test, in order to determine how effective the headset is.		Headset/headphones

				Augmented Reality Audio (ARA)		Combines everyday surrounding sounds and virtual sounds in real time.

				Pseudo – acoustic environment		The copy of the surrounding sounds that have gone through the ARA headset.

				Pressure chamber principle		To enhance the low and middle frequencies of the audio.

				Binaural telephony		When the two ear-microphone signals from both users are transmitted to each other.

				Latency		The elapsed time between a stimulus and the response.

		B. Bederson, B. (1994, May). Audio Augmented Reality:
A Prototype Automated Tour Guide.		Augmented Reality		Uses computers to enhance the richness of the real world.		To create a tour guide for museum tourists that don't isolate them, while also being more user friendly and allowing for freedom of movement.		Sounds play through the system to the users based upon the location of the users in a museum and their proximity to certain pieces of the exhibit theirin.		A headset (with a random-access digital audio source, a microprocessor, and a custom infrared receiver)

						An attempt to combine our real world interactions with the richness of computational information without isolating people from each other.

		An experimental study of spatial sound usefulness in searching and navigating through AR environments. Dariusz Rumin ́ski1		AR		superimposing computer-generated content, such as interactive 2D and 3D multimedia objects, in real time, on a view of real objects.		Indoor virtual object finding		Spatial audio sources that increases in loudness as you get closer to the source, with sources playing simultaenously.		Headphones, remaining hardware devices unclear. Smartphone suspected. Software implementation used CARL to provide spatia audio in the AR environment.

				CARE		Contextual AR Environment

				CARL		Contextual AR Language

				Spatial Sound		3D Sound from virtual sources that varies with pitch and yaw angle between camera and object, as well as with distance and height of the camera from the center of the object.

		Albrecht, R., Lokki T., Savioja L. (2011, August). A Mobile Augmented Reality Audio System with Binaural Headphones		Hear-through AR		Allowing the user “to hear the surrounding acoustic environment while adding virtual sounds to the auditory perception”.		No particular use case, but potentially useful for virtual museum guides or a messaging application.		Sounds play through the system that are overlayed over the natural environment (through microphones added to the headphones) that allow for a less intrusive system.		Modified headphones with microphones attached to them.

				The Occlusion Effect		The amplification of low frequency sounds conducted through bone and tissue, which comes from the ear canals.

				Pure AR Applications		“Where the real environment is augmented with virtual objects, which depend on the real environment and add information related to it.”

		Lawton, M., Cunningham, S., & Convery, I. (2020, September). Nature soundscapes: an audio augmented reality experience. In Proceedings of the 15th International Conference on Audio Mostly (pp. 85-92).		Static Experience		Participant is static, and sound plays around them.		Generate awareness about species conservation by recreating nature sounscapes using AAR. Static experience created by using speakers in four corners in a forest clearing that can be heard by multiple people within that area. 		Single level 4 loud speaker system providing shared experiences.		Four channel loud speaker, each capable of producing indepedant sounds. Physically connected through wires, tied to the audio interface system.

				In Motion Experience		Sound sources are fixed in the environment and used to guide participants as they move through a trail.								Shared experience, include in taxonomy v2.0

				SAMR (Substitution, Augmentation, Modification, Redefinition)		Framework to evaluate the adoption of technology in an educational context

		Boletsis, C., Chasanidou, D. (2018, October). Audio Augmented Reality in Public Transport for Exploring Tourist Sites.		Audio Augmented Reality		A mature subfield of AR.		Used in part of tour guide system alongside public transportation.		Headset system that plays out information when around points of interest.		Headset system.

		POST FOCUS GROUPS

		Kiefer, C., & Chevalier, C. (n.d.). Towards New Modes of Collective Musical Expression through Audio Augmented Reality. 4.		Audio Augmented Reality		realtime computational mediation of sound perception, mixing live digitally processed sound with real environmental sound		Musical Experiences with a collective audience		Compression of upper-mid frequencies to amplify breath and bodily sounds		BC headset with microphone and phone app, and paraolic acoustic reflector installation (x2)

				Instrumentness		way in which a musical instrument is controlled and conceptiualized as a medium for creative action, as a feedback loop between interface, software and audience creative expression				Spatialization of upper-mid frequencies using different band-pass filtered reverbs in each ear				Primarily an individual experience, but audio AR can become a collective experience by expanding the acoustic environment, increasing immersion, and realizing a safer environment that puts users at ease.

				Collectiveness		Sense of belonging and generating sounds with a group

		Yang, J., Mattern, M. (2019, September). Audio Augmented Reality for Human-Object Interactions		3D Sounds		sounds that are spatialized virtually but are perceived as originating from real locations in the space		Various (sound localization in particular, but references to musuem experiences, redirect user attention, provide notifications, create new music experiences, etc.)		Heaset system that plays synthesized audio of certain objects in the user's field.		Over ear headphones, environment cameras, head mounted cameras, magnetic/radio frequency modules, or headphone integrated motion sensors

		Moustakas, N., Rovithis, E., Vogklis, K., Floros, A. (2020, October). Adaptive Audio Mixing for Enhancing Immersion in Augmented Reality Audio Games		Augmented Reality (AR)		“a field comprising technologies that allow for the enhancement of the real world with virtual audiovisual information, thus shaping highly immersive ways of interaction between users and their surroundings.”		Mobile game purposes, both in oustide and indoor environments		Computer and headset system where audio would play from a certain direction that the user would have to identify.		The use of a handheld mobile system, a computer system, and a Philips SHN2500 headsets.

				Audio Games (AG)		“Are electronic games that utilize sound, and more specifically data sonification techniques, in order to represent all aspects of their content, including space, mechanics, plot, narration, setup, and feedback.”





v2.0

						Audio																																																														Augmented Reality

		Soundscape - the acoustic environment as perceived or experienced and/or understood by a person or people, in context		Keynote sounds - Mostly background sounds such as wind, water, birds, insects		Sound signals - Foreground sounds such as whistles, bells, horns; sounds unique to a soundscape area		Soundwalk - Subjective measure of immersion		Enchantment - Adding meaningful sound to an object that would not otherwise make meaningful sound.		Blending - Combining digital sounds with the natural sounds of the environment to produce sound reinforcements		Overlaying - Using audio to provide a user with additional information that is relevant to their current activity.																																																				combine real world richness with richness of compuational information without isolating poeple from each other		combines virtual and real content		virtual content interacts with the physical in real time		real-time combination of real and virtual worlds

																																Audio to Augment Your Reality (AAYR)

						Definitions																																Use cases																																		Form Factors																		Users



		Action of superimposing virtual sound sources upon real world objects (in real time that does not obscure "the real world")		Auditory feedback played through speakers to provide corrective cues.		Ability to correctly localize virtual sound source while using a mobile system.		Mobile audio augmented system capable of tracking head position and orientation to place sound sources around the user's head to provide virtual audio overlayed over the physical space		Immersion in a sounscape to measure extent of exploration, or walking speed and head movements (stopping instances, scanning)		A mature subfield of mobile AR		An interception and manipulation of auditory information to alter users' perceptions		Use of audio to supplent the real primary environment by altering/enhancing the perception of an item/situation		Sonification of real-world environment (e.g. driving, walking) rather then sonification of pre-obtained data.		Audio can be implemented in web based environments in a spatial way, to make an auditory experience more immersive.		A new type of adaptive music format that does not take your focus away for reality but plays with together with it.		Auto translation of verbal information or communication around the user.				Indoor space exploration - museum, art gallery		Indoor gamified motor rehabilatation exercises with auditory cues to provide correct movement.		Outdoor exploration of a physical space guided through earcons presented in spatial audio		Tourist guidance system		Soundscape recreation of an alternate physical space		Sound attached to virtual objects in AR		Karoake - modifying natural sound by combining with virtual sounds to reinforce the natural sounds.		Phone call; connecting remote destination through sounds. Generally just communication among individuals (which could be extend to real time language translation)		In ear translation of viewed text or speech		Adding non-speech sounds to inanimate objects like a book, map, sports equipment		Public transportation (information about route/day)		Darkroom photography (though fairly obsolete now)		Military uses - especially with respect to training		Vehicle repair companies and garages (helping individuals in finding certain unvisible objects)		Operation room with medical uses and surgical devices		Wayfinding or GPS navigation/guidance system (not just for cars, could be useful in flight systems or for bicyclists and pedestrians)		Formal and informal learning environments (could be in a school or even at an art gallery/museum)		Data analysis		Remote music festival or soundwalk artworks				Earphones for sound output, hand held eyes-free device to cycle through sounds. Motion tracking through IR blaster; indoor use only.		Speakers for sound output. Static motion tracked with Kinect		Smarphone, earphones		Headphones, head tracker, GPS, smartphone		Bone/air conduction headphones		Medical/surgical devices		Environments with the soudscape manipulated or overlayed		Bracelet, hat, glasses, necklace or other haptic gadgets 				Visually impared people		Individuals with multitasking responsibilities/tasks		People resbonsible for life/death critical situations 		Seniors		Ushers/theater technicians		Musicians/Artists		Athletes who need to focus on their visison but would benefit from an audio layer		Musuem tourists		Emergency responders, search and rescue









v2.1

		Audio				Audio Augmented Reality (AAR)				Definitions				Use cases				Form Factors				Users

		Soundscape - the acoustic environment as perceived or experienced and/or understood by a person or people, in context								Action of superimposing virtual sound sources upon real world objects in real time				Indoor/outdoor exploration - museum, art gallery (tourist guidance system)				Earphones; hand held device to cycle through sounds; motion tracking through IR blaster.				Visually impared or those with other disabilities

		Keynote sounds - Mostly background sounds such as wind, water, birds, insects								Auditory feedback played through speakers to provide corrective cues.				Soundscape recreation of an alternate physical space				Speakers for sound output. Static motion tracked with Kinect				Individuals with multitasking responsibilities/tasks

		Sound signals - Foreground sounds such as whistles, bells, horns; sounds unique to a soundscape area								Mobile audio augmented system that tracks head position/orientation to place sound sources around the user to provide virtual audio overlayed over the physical space				Remote music festival or soundwalk artworks				Headphones, head tracker, GPS, smartphone				People resbonsible for life/death critical situations 

		Soundwalk - Subjective measure of immersion								Immersion in a sounscape to measure extent of exploration, or walking speed and head movements (stopping instances, scanning)				Feedback/Warning signals				Bone/air conduction headphones				Senior citizens

		Enchantment - Adding meaningful sound to an object that would not otherwise make meaningful sound.								An interception and manipulation of auditory information to alter users' perceptions				Public transportation (information about route/day)				Medical/surgical devices				Workers in dimly lit environments (ushers, photographers, firefighters)

		Blending - Combining digital sounds with the natural sounds of the environment to produce sound reinforcements								Use of audio to supplent the real primary environment by altering/enhancing the perception of an item/situation				Wayfinding/GPS navigation (not just for cars, but also flight systems or bicyclists and pedestrians)				Environments with the soudscape manipulated or overlayed				Musicians/Artists

		Overlaying - Using audio to provide a user with additional information that is relevant to their current activity.								Sonification of real-world environment (e.g. driving, walking) rather then sonification of pre-obtained data.				Adding non-speech sounds to inanimate objects like a book, map, sports equipment				Bracelet, hat, glasses, necklace or other haptic gadgets 				Athletes who need to focus on their vison but would benefit from an audio layer

										Digitally generated audio on top of reality				Formal and informal learning environments (could be in a school or even at an art gallery/museum)				Shareable device to pass back and forth to share the AR sound				Musuem tourists

		Augmented Reality								Part of a multisensory augmented reality system				Military uses - especially with respect to training								Emergency responders, search and rescue

		Combine real world richness with richness of compuational information without isolating poeple from each other								Spatial audio that does not require a massive and expensive system				Operation room with medical uses and surgical devices

		Combines virtual and real content								Display more detailed information of the environment using audio in a shared auditory environment				Indoor gamified motor rehabilatation exercises with auditory cues to provide correct movement.

		Virtual content interacts with the physical in real time								Interception and manipulation of auditory information to alter user's perceptions				Vehicle repair companies and garages (helping individuals in finding certain unvisible objects)

		Real-time combination of real and virtual worlds												In ear translation of viewed text or speech

														Karaoke - modifying natural sound by combining with virtual sounds to reinforce the natural sounds.













































v2.2 Ext.

		Audio				Audio Augmented Reality (AAR)				Definitions		Use cases		Form Factors		Users

		Soundscape - the acoustic environment as perceived or experienced and/or understood by a person or people, in context								Action of superimposing virtual sound sources upon real world objects in real time		-In ear translation of viewed text or speech
-Military uses - especially with respect to training
-Wayfinding/GPS navigation (not just for cars, but also flight systems or bicyclists and pedestrians)
-Feedback/Warning signals		-Earphones; hand held device to cycle through sounds; motion tracking through IR blaster.
-Speakers for sound output. Static motion tracked with Kinect
-Headphones, head tracker, GPS, smartphone
-Bone/air conduction headphones
-Bracelet, hat, glasses, necklace or other haptic gadgets 		-Visually impared or those with other disabilities
-Individuals with multitasking responsibilities/tasks
-People resbonsible for life/death critical situations 

		Keynote sounds - Mostly background sounds such as wind, water, birds, insects								Auditory feedback played through speakers to provide corrective cues.		-Feedback/Warning signals
-Wayfinding/GPS navigation (not just for cars, but also flight systems or bicyclists and pedestrians)		-Earphones; hand held device to cycle through sounds; motion tracking through IR blaster.
-Bone/air conduction headphones
-Bracelet, hat, glasses, necklace or other haptic gadgets 		-People resbonsible for life/death critical situations 
-Workers in dimly lit environments (ushers, photographers, firefighters)
-Emergency responders, search and rescue

		Sound signals - Foreground sounds such as whistles, bells, horns; sounds unique to a soundscape area								Mobile audio augmented system that tracks head position/orientation to place sound sources around the user to provide virtual audio overlayed over the physical space		-Indoor/outdoor exploration - museum, art gallery (tourist guidance system)
-Soundscape recreation of an alternate physical space
-Remote music festival or soundwalk artworks
-Military uses - especially with respect to training		-Earphones; hand held device to cycle through sounds; motion tracking through IR blaster.
-Speakers for sound output. Static motion tracked with Kinect
-Headphones, head tracker, GPS, smartphone
-Bone/air conduction headphones
-Environments with the soudscape manipulated or overlayed
-Bracelet, hat, glasses, necklace or other haptic gadgets 
 		-Visually impared or those with other disabilities
-Senior citizens
-Workers in dimly lit environments (ushers, photographers, firefighters)
-Musicians/Artists
-Musuem tourists
 

		Soundwalk - Subjective measure of immersion								Immersion in a sounscape to measure extent of exploration, or walking speed and head movements (stopping instances, scanning)		-Soundscape recreation of an alternate physical space
-Wayfinding/GPS navigation (not just for cars, but also flight systems or bicyclists and pedestrians)
-Indoor gamified motor rehabilatation exercises with auditory cues to provide correct movement.		-Earphones; hand held device to cycle through sounds; motion tracking through IR blaster.
-Speakers for sound output. Static motion tracked with Kinect
-Headphones, head tracker, GPS, smartphone		-Athletes who need to focus on their vison but would benefit from an audio layer
-Emergency responders, search and rescue

		Enchantment - Adding meaningful sound to an object that would not otherwise make meaningful sound.								An interception and manipulation of auditory information to alter users' perceptions		-Soundscape recreation of an alternate physical space
-Remote music festival or soundwalk artworks
-Adding non-speech sounds to inanimate objects like a book, map, sports equipment		-Earphones; hand held device to cycle through sounds; motion tracking through IR blaster.
-Bone/air conduction headphones
-Environments with the soudscape manipulated or overlayed
-Bracelet, hat, glasses, necklace or other haptic gadgets 
-Shareable device to pass back and forth to share the AR sound 		-Musicians/Artists
-Musuem tourists

		Blending - Combining digital sounds with the natural sounds of the environment to produce sound reinforcements								Use of audio to supplent the real primary environment by altering/enhancing the perception of an item/situation		-Indoor/outdoor exploration - museum, art gallery (tourist guidance system)
-Soundscape recreation of an alternate physical space
-Remote music festival or soundwalk artworks
-Military uses - especially with respect to training
-Wayfinding/GPS navigation (not just for cars, but also flight systems or bicyclists and pedestrians)
-Adding non-speech sounds to inanimate objects like a book, map, sports equipment
-Formal and informal learning environments (could be in a school or even at an art gallery/museum)
-Operation room with medical uses and surgical devices
-Vehicle repair companies and garages (helping individuals in finding certain unvisible objects)		-Earphones; hand held device to cycle through sounds; motion tracking through IR blaster.
-Speakers for sound output. Static motion tracked with Kinect
-Headphones, head tracker, GPS, smartphone
-Bone/air conduction headphones
-Medical/surgical devices
-Environments with the soudscape manipulated or overlayed
-Bracelet, hat, glasses, necklace or other haptic gadgets 		-Visually impared or those with other disabilities
-Individuals with multitasking responsibilities/tasks
-Senior citizens
-Workers in dimly lit environments (ushers, photographers, firefighters)
-Emergency responders, search and rescue 

		Overlaying - Using audio to provide a user with additional information that is relevant to their current activity.								Sonification of real-world environment (e.g. driving, walking) rather then sonification of pre-obtained data.		-Remote music festival or soundwalk artworks
-Feedback/Warning signals
-Wayfinding/GPS navigation (not just for cars, but also flight systems or bicyclists and pedestrians)
-Operation room with medical uses and surgical devices
-Karaoke - modifying natural sound by combining with virtual sounds to reinforce the natural sounds.		-Shareable device to pass back and forth to share the AR sound
-Bracelet, hat, glasses, necklace or other haptic gadgets 
-Bone/air conduction headphones
-Headphones, head tracker, GPS, smartphone
-Speakers for sound output. Static motion tracked with Kinect
-Earphones; hand held device to cycle through sounds; motion tracking through IR blaster.		-Musicians/Artists
-Musuem tourists
-Visually impared or those with other disabilities
-Workers in dimly lit environments (ushers, photographers, firefighters)

										Sonification of real-world environment (e.g. driving, walking) rather then sonification of pre-obtained data.		-Indoor/outdoor exploration - museum, art gallery (tourist guidance system)
-Feedback/Warning signals
-Public transportation (information about route/day)
-Wayfinding/GPS navigation (not just for cars, but also flight systems or bicyclists and pedestrians)
-Adding non-speech sounds to inanimate objects like a book, map, sports equipment
-Formal and informal learning environments (could be in a school or even at an art gallery/museum)
-Military uses - especially with respect to training
-Operation room with medical uses and surgical devices
-Indoor gamified motor rehabilatation exercises with auditory cues to provide correct movement.
-Vehicle repair companies and garages (helping individuals in finding certain unvisible objects)
-In ear translation of viewed text or speech
-Karaoke - modifying natural sound by combining with virtual sounds to reinforce the natural sounds.		-Earphones; hand held device to cycle through sounds; motion tracking through IR blaster.
-Speakers for sound output. Static motion tracked with Kinect-Headphones, head tracker, GPS, smartphone
-Bone/air conduction headphones
-Medical/surgical devices
-Environments with the soudscape manipulated or overlayed
-Bracelet, hat, glasses, necklace or other haptic gadgets 
-Shareable device to pass back and forth to share the AR sound		-Visually impared or those with other disabilities
-Individuals with multitasking responsibilities/tasks
-People resbonsible for life/death critical situations
-Senior citizens
-Workers in dimly lit environments (ushers, photographers, firefighters)
-Musicians/Artists
-Athletes who need to focus on their vison but would benefit from an audio layer
-Musuem tourists
-Emergency responders, search and rescue 

		Augmented Reality								Part of a multisensory augmented reality system		-Indoor/outdoor exploration - museum, art gallery (tourist guidance system)
-Soundscape recreation of an alternate physical space
-Remote music festival or soundwalk artworks
-Karaoke - modifying natural sound by combining with virtual sounds to reinforce the natural sounds.		-Earphones; hand held device to cycle through sounds; motion tracking through IR blaster.
-Speakers for sound output. Static motion tracked with Kinect
-Bone/air conduction headphones
-Environments with the soudscape manipulated or overlayed
-Bracelet, hat, glasses, necklace or other haptic gadgets 
-Shareable device to pass back and forth to share the AR sound		-Musicians/Artists
-Musuem tourists

		Combine real world richness with richness of compuational information without isolating poeple from each other								Spatial audio that does not require a massive and expensive system		-Feedback/Warning signals
-Public transportation (information about route/day)
-Wayfinding/GPS navigation (not just for cars, but also flight systems or bicyclists and pedestrians)
-Adding non-speech sounds to inanimate objects like a book, map, sports equipment
-Vehicle repair companies and garages (helping individuals in finding certain unvisible objects)
-Karaoke - modifying natural sound by combining with virtual sounds to reinforce the natural sounds.		-Earphones; hand held device to cycle through sounds; motion tracking through IR blaster.
-Speakers for sound output. Static motion tracked with Kinect
-Headphones, head tracker, GPS, smartphone
-Bone/air conduction headphones
-Bracelet, hat, glasses, necklace or other haptic gadgets 
-Shareable device to pass back and forth to share the AR sound		-Individuals with multitasking responsibilities/tasks
-Musicians/Artists
-Athletes who need to focus on their vison but would benefit from an audio layer

		Combines virtual and real content								Display more detailed information of the environment using audio in a shared auditory environment		-Feedback/Warning signals
-Public transportation (information about route/day)
-Wayfinding/GPS navigation (not just for cars, but also flight systems or bicyclists and pedestrians).
-Adding non-speech sounds to inanimate objects like a book, map, sports equipment
-Formal and informal learning environments (could be in a school or even at an art gallery/museum)
-Operation room with medical uses and surgical devices
-Vehicle repair companies and garages (helping individuals in finding certain unvisible objects)
-In ear translation of viewed text or speech		-Earphones; hand held device to cycle through sounds; motion tracking through IR blaster.
-Speakers for sound output. Static motion tracked with Kinect
-Headphones, head tracker, GPS, smartphone
-Bone/air conduction headphones
-Medical/surgical devices
-Bracelet, hat, glasses, necklace or other haptic gadgets 		-Visually impared or those with other disabilities
-Individuals with multitasking responsibilities/tasks
-People resbonsible for life/death critical situations 
-Senior citizens
-Workers in dimly lit environments (ushers, photographers, firefighters)
-Emergency responders, search and rescue

		Virtual content interacts with the physical in real time								Interception and manipulation of auditory information to alter user's perceptions		-Indoor/outdoor exploration - museum, art gallery (tourist guidance system)
-Soundscape recreation of an alternate physical space
-Remote music festival or soundwalk artworks
-Indoor gamified motor rehabilatation exercises with auditory cues to provide correct movement.
-Karaoke - modifying natural sound by combining with virtual sounds to reinforce the natural sounds.		-Earphones; hand held device to cycle through sounds; motion tracking through IR blaster.
-Speakers for sound output. Static motion tracked with Kinect
-Bone/air conduction headphones
-Environments with the soudscape manipulated or overlayed
-Bracelet, hat, glasses, necklace or other haptic gadgets 
-Shareable device to pass back and forth to share the AR sound		-Visually impared or those with other disabilities
-Senior citizens
-Workers in dimly lit environments (ushers, photographers, firefighters)
-Musicians/Artists
-Athletes who need to focus on their vison but would benefit from an audio layer
-Musuem tourists
-Emergency responders, search and rescue

		Real-time combination of real and virtual worlds



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































v2.2 Sim.

		Audio				Audio Augmented Reality (AAR)

		Soundscape - the acoustic environment as perceived or experienced and/or understood by a person or people, in context

		Keynote sounds - Mostly background sounds such as wind, water, birds, insects

		Sound signals - Foreground sounds such as whistles, bells, horns; sounds unique to a soundscape area

		Soundwalk - Subjective measure of immersion								Definitions		Use Cases		Users		Context		Form Factors

		Enchantment - Adding meaningful sound to an object that would not otherwise make meaningful sound.								Action of superimposing virtual sound sources upon real world objects in real time		Training scenarios		Military personnel, police academies, surgeons or medical professionals, firefighters, driving or flying school students, athletes		Training purposes where the user is required to perform focused tasks with possible distractions of varying intensity, or where the costs of making errors can be fatal. Simulation of potentially dangerous scenarios where increased immersion through audio leads to higher ecological validity.		Earphones (AC or BC), speakers, spatialized audio, wearables, shareable devices, minimal hardware, uninterrupted power supply

		Blending - Combining digital sounds with the natural sounds of the environment to produce sound reinforcements								An interception and manipulation of auditory information to alter users' perceptions		Wayfinding/GPS navigation - indoor or outdoor		Tourists in a foreign country/location, visitors at an unfamiliar building, hospital staff members, mall visitors, visually impaired individuals, auditoryily impared individuals, HUD displays for drivers		Any form of navigation task irrespective of scale where users benefit from receiving real time virtual auditory cues so that their cognitive workload is reduced to allow for a more pleasant experience with their immediate physical environment as they navigate from point A to B.		Earphones (AC or BC), spatialized audio, hand held device, head tracker, seamless interaction, long battery life, easy activation/deactivation

		Overlaying - Using audio to provide a user with additional information that is relevant to their current activity.								Mobile audio augmented system that tracks head position/orientation to place sound sources around the user to provide virtual audio overlayed over the physical space		Feedback/Warning signals		Novice/proficient factory workers, nuclear power plant workers, vigilant task workers, multitaskers, EMS workers, workers in poorly lit environments		Instances where dual/multi task performance benefits from audio-visual cues versus visual-visual cues. It can represent high stress scenarios or where redundancy is important to avoid user error.		Earphones (BC), speakers, head tracker, gaze tracker, minimal harware, seamless interaction, uninterrupted power supply

										Use of audio to supplent the real primary environment by altering/enhancing the perception of an item/situation		Soundscape recreation of an alternate physical space		Simulation attendees, safari/outdoor explorers, office workers, writers, aritsts, museum/movie goers, young adults		Recreational activities such as museum tours, aquariums, safaris, movies, music festivals, karoake. Situations where a heightened sense of immersion thrugh audio leads to a greater user experience, or provides users with a sense of being present in a different space or time while still interacting with their immediate physical environment. Could be outdoors or indoors.		Earphones (AC or BC), speakers, spatialized audio, head tracker, GPS tracker, seamless interaction, long battery life

		Augmented Reality								Sonification of real-world environment (e.g. driving, walking) rather then sonification of pre-obtained data.		VR sound application		Young adults, individuals seeking high immersion, simulation attendees		Enhancing VR based immersive experiences using virtual audio to create an endless number of simulations potentially allowing for true MR (mixed reality)		Earphones (AC or BC), speakers, spatialized audio, head worn device, seamless interaction, minimal hadrware, uninterrupted power supply

		Combine real world richness with richness of compuational information without isolating poeple from each other								Audio working in conjunction with visual AR to asist in some primary task		Animating physical items with virtual sounds		Older adults, exploration enthusiasts		Embedding virtual sound sources to static objects in the physical environments to allow for easy object finding. For example, using auditory icons or earcons to allow for easy navigation or object finding.		Earphones (AC or BC), hand held device, seamless interaction, easy activation/deactivation

		Combines virtual and real content								Digitally generated audio on top of reality to add to it, but not take away from it		Noise Masking, visual object detection and description		Construction workers, military personnel, writers, artists, musicians		Users that would benefit from removing layers of sound (instead of adding) from the physical environment to create a safer or more productive working environment.		Earphones (AC), GPS tracker, shareable devices, long battery life, easy activation/deactivation

		Virtual content interacts with the physical in real time

		Real-time combination of real and virtual worlds

		Perceiving and interacting with more than what is present in reality

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































v3.0

		Audio Augmented Reality (AAR)

		Augmented Reality		Definitions		Use Cases		Users		Context		Form Factors

		Virtual content interacts with the physical in real time		Action of superimposing virtual sound sources upon real world objects in real time		Training scenarios		Military personnel, police academies, surgeons or medical professionals, firefighters, driving or flying school students, athletes		Training purposes where the user is required to perform focused tasks with possible distractions of varying intensity, or where the costs of making errors can be fatal. Simulation of potentially dangerous scenarios where increased immersion through audio leads to higher ecological validity.		Earphones (AC or BC), speakers, spatialized audio, wearables, shareable devices, minimal hardware, uninterrupted power supply

		Perceiving and interacting with more than what is present in reality		An interception and manipulation of auditory information to alter users' perceptions		Wayfinding/GPS navigation - indoor or outdoor		Tourists in a foreign country/location, visitors at an unfamiliar building, hospital staff members, mall visitors, visually impaired individuals, auditoryily impared individuals, HUD displays for drivers		Any form of navigation task irrespective of scale where users benefit from receiving real time virtual auditory cues so that their cognitive workload is reduced to allow for a more pleasant experience with their immediate physical environment as they navigate from point A to B.		Earphones (AC or BC), spatialized audio, hand held device, head tracker, seamless interaction, long battery life, easy activation/deactivation

				Mobile audio augmented system that tracks head position/orientation to place sound sources around the user to provide virtual audio overlayed over the physical space		Feedback/Warning signals		Novice/proficient factory workers, nuclear power plant workers, vigilant task workers, multitaskers, EMS workers, workers in poorly lit environments		Instances where dual/multi task performance benefits from audio-visual cues versus visual-visual cues. It can represent high stress scenarios or where redundancy is important to avoid user error.		Earphones (BC), speakers, head tracker, gaze tracker, minimal harware, seamless interaction, uninterrupted power supply

		Combine real world richness with richness of compuational information without isolating poeple from each other		Use of audio to supplent the real primary environment by altering/enhancing the perception of an item/situation		Soundscape recreation of an alternate physical space		Simulation attendees, safari/outdoor explorers, office workers, writers, aritsts, museum/movie goers, young adults		Recreational activities such as museum tours, aquariums, safaris, movies, music festivals, karoake. Situations where a heightened sense of immersion thrugh audio leads to a greater user experience, or provides users with a sense of being present in a different space or time while still interacting with their immediate physical environment. Could be outdoors or indoors.		Earphones (AC or BC), speakers, spatialized audio, head tracker, GPS tracker, seamless interaction, long battery life

		Real-time combination of real and virtual worlds		Sonification of real-world environment (e.g. driving, walking) rather then sonification of pre-obtained data.		VR sound application		Young adults, individuals seeking high immersion, simulation attendees		Enhancing VR based immersive experiences using virtual audio to create an endless number of simulations potentially allowing for true MR (mixed reality)		Earphones (AC or BC), speakers, spatialized audio, head worn device, seamless interaction, minimal hadrware, uninterrupted power supply

		Combines virtual and real content		Audio working in conjunction with visual AR to asist in some primary task		Animating physical items with virtual sounds		Older adults, exploration enthusiasts		Embedding virtual sound sources to static objects in the physical environments to allow for easy object finding. For example, using auditory icons or earcons to allow for easy navigation or object finding.		Earphones (AC or BC), hand held device, seamless interaction, easy activation/deactivation

				Digitally generated audio on top of reality to add to it, but not take away from it		Noise Masking, visual object detection/description		Construction workers, military personnel, writers, artists, musicians		Users that would benefit from removing layers of sound (instead of adding) from the physical environment to create a safer or more productive working environment.		Earphones (AC), GPS tracker, shareable devices, long battery life, easy activation/deactivation

		Definitions Within Audio

		Soundscape		Keynote Sounds		Sound signals		Soundwalk		Enchantment		Blending		Overlaying

		the acoustic environment as perceived or experienced and/or understood by a person or people, in context		Mostly background sounds such as wind, water, birds, insects		Foreground sounds such as whistles, bells, horns; sounds unique to a soundscape area		Subjective measure of immersion		Adding meaningful sound to an object that would not otherwise make meaningful sound.		Combining digital sounds with the natural sounds of the environment to produce sound reinforcements		Using audio to provide a user with additional information that is relevant to their current activity.



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































v3.0s

		Audio Augmented Reality (AAR) - Simple

		Dimensions		Definitions		Use Cases		Users		Context		Form Factors

		Customization		Digitally generated audio on top of reality to add to it, not take from it		Noise Masking, visual object detection, animating physical items with virtual sounds, VR sound applications		Construction workers, military personnel, writers, artists, musicians, older adults, young adults, exploration enthusaists		Users that would benefit from removing layers of sound from the physical environment, like to create a safer or more productive working environment. Could also be used for enhancing VR based immersive experiences with virtual audio. Or could be used for object finding, which would involve virtual sound sources to statif objects or locations.		Earphones (AC), GPS tracker, shareable devices, long battery life, easy activation/deactivation, hand held device, spatialized audio, speakers, minimal hardware, seamless interaction, uninterupted power supply

		Immersion		Use of audio to supplent the real primary environment by enhancing the perception of a situation		Soundscape recreation of an alternate physical space, training scenarios		Simulation attendees, outdoor explorers, office workers, writers, aritsts, museum/movie goers, young adults, military/police personnel, medical professionals, firefighters		Recreational situations where heightened audio immersion leads to greater user experience and provides a sense of presence in a different space or time, but still allowing for interaction with the physical environment. It could also be used in training purposes where the user performs focused tasks with distractions of varying intensity, or where errors can be fatal.		Earphones, speakers, spatialized audio, head tracker, GPS tracker, seamless interaction, long battery life, minimal hardware, wearables

		User Context		A manipulation of auditory information to alter users' perceptions		Wayfinding/GPS navigation, feedback/warning signals		Tourists/visitors, hospital staff members, visually/auditorily impaired individuals, drivers, factory/power plant/EMS workers, vigilant task workers, multitaskers, workers in poorly lit environments		Navigation tasks where real time virtual auditory cues could be helpful so that their cognitive workload is reduced. When multi task performance benefits from audio-visual cues versus visual-visual cues. High stress scenarios or where redundancy is important to avoid user error.		Earphones, spatialized audio, hand held device, head tracker, seamless interaction, easy activation/deactivation, minimal hardwear, speakers





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































EI1

		Name: Dr. Iain McGregor (Audio expert) - Lecturer in Sound Design at Edinburgh University, since 1988

		Question

		What is your understanding of AR?		AR is, if we think of MR being in between, then AR is augmenting the real world and that we are overlaying onto the physical world. Weve been doing it for arguably 1000s, or 10000s of years. If someones read a story to you, then you've experienced AR. So too through music, the radio, podcasts. It is continued through your phone, where you visualize through that.		Overlay

		Do you think listening to music, through loudspeakers or earphones, can be considered an example of augmented reality (audio in AR)?		Yes.		Confidently Yes

		According to you, what are the requirements for sound to be considered an application of audio augmenting your reality (AAYR)?

		Which use cases or scenarios, do you think, will benefit users the most as an application of AAYR?		Every scenario I am working on (hospital, entertainment, interaction, ...) applies. There isn't a scenario that does not benefit from Audio AR, even those that are deaf.
For the deaf - there is no such thing as completely deaf. It's more a case of where the frequencies/perception become more inefficient such that they can't experience it. They can still feel the physical vibrations, and you can use loudspearkers has haptic devices. I am working on a system for those who are deaf to edit podcasts? so we need to change the pitch into a haptic range so that they can feel the haptic range.
There isn't a scenario it does not apply to.		Haptic feedback can be consdiered AAR. Lower than 20 Hz can be felt, but not heard. Dependent on user task.

		Can you discuss which users in particular might benefit the most in their respective scenarios from AAYR?				Could be everyone, even deaf persons.

		In terms of auditory displays, which is the most important aspect, with respect to human hearing, for providing information? (ego vs exo-centric display, spatialized vs non-spatialized sound, speech vs non-speech sounds, amplitude, pitch, etc)		It doesn't matter. Its all about finding out what people are comfortable with using and matching it to them - there is no one size meets all. Irrspective of where you are, you would have the same sound? "Hiding to nothing". It's a completely pointless exercise. If we can't agree on anything (like how to turn on a light/open a door), how can we make a universal auditory experience. The auditory augmentation sometimes needs to come from a loudpeaker, or from something else.
//Sony headphones that look like doughnuts// -- air conduction. They are just open and the sound passes through naturally. 
Anbie? ear cuffs. -- expecting cartilage conduction to be the next big thing, until these came out.
cartilage is more efficient than bone, it excites the air, and augments the audio coming in from the air. There is no crossover?		Demographic dependent. Personal choices.

		What form factors (hardware, such as earphones) do you imagine being used in application of AAR? 		Everything. It shouldn't just be confined to the headphones earbuds. It really is a case of what is natural for the person to use. Like with glasses, how many people use the same glasses, it's not going to happen that way. Some like a portable speaker, some want augmentation to come from a speaker that surrounds them, some want headphones. There is no optimum method, there are suspension drivers. You don't want to wear the same headphones all day.
Inconpspicuous - Apple are going for using air pods pros as hearing aids. So that you can hear what someone else will say. It will just be like headphones in general. If you are using AR to speak a second language or cheat in class, you would want it to be as inconspicuous as possible. If you are playing a game/going for a walk, you may go for something branded. It won't matter. If you are woking for the police/fire brigade, then it has to be discrete, beacuse you will be having head gear, and you can't have others hear what you are doing/listening to.		Demographic and context dependent. Goal relevant.		Consider making continuum to place expert opinions on.

		Based on this discussion, how would you define AAYR?		It's a way of providing additional information on some action through sound.		interactive sonification related. action means user task?

		As an emerging field, what future directions do you envision for AAR? For example, vision based AR systems  have matured for application in aircrafts and vehicles as Heads Up Displays (HUDs).		It exists already, your turn signal has AR. If anything the visuals haven't caught up yet.		is sound feedback or instruction? can define is some sound is AR or no. but according to him, all sounds are AR. The turn signal here is for the driver; other drivers don't hear the sound, only see the visual stimulus (orange turn signal). so it is reminder/feedback.

		We will now show you a taxonomy that was developed after a literature review. Please share your thoughts, comments, and suggestions on ways to improve it.		It;s helpful to have a one-two word thing on the first column, so that where it says AR, take that down to a couple words. That will make everything else fall into place. Extending reality can be used for some.
In one of our projects we are looking at getting rid of the speakers in hospitals, so in that case we want all the sounds to appear to come from real world objects, but only be heard by staff. This would be better for patients, who then won't have to hear audio unnecessary for them. It's not just training scenarios, but day to day uses.
Firefighters and health care/surgeions - also for phyisical therapy. We match up the audio with the left and right hand sides.
For drivin - tell the driver about their driving (you're driving too dangerously, be more careful). applications with messages/texts
Use case- Why not use the term hearables. The general term for smart earphones. The literature is outdated, they have not been keeping up. Neck speakers - don't sound good, but can with DSP. Same with bone conduction. If you don't mind it being quiter, you can make any speker sound better. 
Series on cave paintings - In terms of sound. A lot of caves have ideophones, natural objects that make sound when you strike them. Their acoustics are pefect for making the sound of animals painted on the walls. Cavepaintings are early theater and early animation, especially with fires which can animate the paintings. Teach people to hunt or for entertainment. AAYR goes back really far. 
Soundscape from Microsoft - spatialized/directional sounds.
Tourists - absolutely, did a project on that years ago. 
Factory workers/EMS - yep.
There's a pair of commercial glasses for people that are blind which can read. You can train it to recognize people's faces. More simple way of doing that, with iPhones.
Videogames - surely, zombie running game, which is audio only. When you are running, you can simulate zombies chasing after you. That's intended for being outside, in the real world space.
Museum tourism - have you ever been around a museum with a curator? They tell you amazing stories about objects, who donates it, when it got lost, how it relates to other pieces. It is far more interesting. Persuade a museum to get a curator to talk about pieces they are pasionate about.
Metaverse - I think people will get as bored of it as with PokemonGo. But it can be used in many ways, Google glass, Apple glass, etc. When it becomes commonly used, the virtual world will catch up. I could be in a call here, but one of us could have an avatar representation of themselves and it would sound like they are coming from where they should be coming from audio-wise. If I want to have it such that my audio is a 19th century castle, I could do that. Text-to-speech is getting so good. If anything it will improve audio quality dramatically. If it happens to be someone you speak to often, then the synthesized voice will be on my device, and that will be their real voice. If you think about it, do you think of you tv or computer as anything different from your home as a device. They are all computers, all are eletrical goods. 
If we look at sonic bubbles for privacy, then the server doesn't have to send the same files to everyone. Everyone wants to be out front. 
Older adults - we are exploring that with people with dementia.
One project I'm doing looks at auditory performances? Something about food.
Sony's headphones - three different channels: background sounds, everything that's not you, and your controler to work out distance from the sensor to make your weapon sounds/etc. Can also delay sounds that arrive from speakr, so that it gives the impression from coming from the controller. All your avatar sounds come from your headphones. And so splitting that apart, so that intellectually, we are trying to make people forget about pixels playing and your plastic. 

Definitions - Even if you were standing next to your idential twin, you would still experience two different soundscapes [soundscape def.].
Keynotes - more so identifiers, not mostly backgrounds, not in the psychological way, they are providing context. If you think of a keynote speaker, you wouldn't consider them background sounds. They are in the background but they are not unimportant. Figure is what you are actively paying attention to, ground is everything else.
Soundwalk - //Found the definition interesting//  (https://www.sfu.ca/sonic-studio-webdav/handbook/Soundwalk.html) Well established. 
Enchantment - I agree with that definition, but what you are doing is extend/enhance the listeners understanding. If you think of those keys, if you hear someone pick up those keys at 4 AM, then you have that meaningful sound. All sound has meaning to somebody, otherwise we wouldn't call it sound, we'd call it noise
Blending - It's not just natural sounds, you can think of the preexisting sounds. Change natural to preexisting in the definition. (Electric guitar as a form of blending) - Depends on how you are using it; just a musical instrument or using it to wake up your brother. All instruments have some form of natural amplification. In that scenario the electic guitar is working as an amplifier. The reinforcement is a bit of a confusing term. In sound you have sound reinforcement, but you also have reinforcement in that youre adding additional information (like with a metaphor). 
Overlaying - How many of the alerts are left on on your phone? Hopefully relevant to the current activity. There is so much being added that is rubbish. 		Providing audio cues to only those who need it, for day to day use. Perceived reality - diminishing reality, noise masking. Healthcare sonification papers - trimlab MS students. cite previous driving related papers. Tim Zimmer audio games. Autism, dyslexic individual benefit from AAR. Blended sonification - thomas harman, ICAD. Working memory analogy - work with 2-4 bits of information at a time; accuracy drops with auditory information - requires training.		Diminishing Reality (https://journals.sagepub.com/doi/pdf/10.1177/1071181321651103) 				Diminishing Reality for AAR

		We will now show you a video demonstration of the  capabilities of  AAR using a prototype device. Please rate your satisfaction of its performance on a scale of 1 to 7, where 1 is highly dissatisfied, and 7 is high satisfied. Next, please provide your thoughts and ways to improve the application.

		Pedestrian safety notes

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































EI2

		Name: Dr. Missie Smith (AR expert)		Martha Irene Smith, Studying AR since 2013 (about 9 years now)

		Question

		What is your understanding of AR?		Using some computer or form of digital something to convey information over the world that wouldn't be there without it. Could be as simple as showing the line of scrimage in a football game. Anything thats giving more informtion than without the display.
Could your def lead to shared exp? It could, as with something like visual with TV. I have a very visual skew when it comes to AR technology. Obviously sound can be a shared experience.				Convey novel digital information. Shared experience - yes.

		Do you think listening to music, through loudspeakers or earphones, can be considered an example of augmented reality (audio in AR)?		I dont think theres a split between AR and VR, theres a split from totally real and totally virtual.If I completely block out all of my sound and am listening to music, I would call that a form of VR for audio. For it to be AR, I would need to hear the outside and inside, the birds chirping and the digital world.				If only digital sounds and no real sounds, that is auditory VR.If real sounds audible, yes it is AAR.

		According to you, what are the requirements for sound to be considered an application of audio augmenting your reality (AAYR)?		A synthetic representation of audio sound in some format that is portrayed to the person. Im assuming AR means you are letting some things through, depending on how you see that spectrum. Could just be watching the TV, as thats kind of a form of AR for sound. It is giving you more information and it is digital.				Any digital audio is AAR - but real sounds have to be audible.

		Which use cases or scenarios, do you think, will benefit users the most as an application of AAYR?		When I think about the entire experience of that spectrum from reality to virtuality, and how do we make it more rich? Or better? Ive been thinking about blending across virtualities, so that you can play music, or you can add information on to the real world (ex: ask Alexa to explain a recipe). For AR, the real benefit is that mixing of adding additional information across all of the senses. And theres power to that, because our brain views the world in blocks, so we could trick the brain and help make it think differently. Think haptic cues around the wrist, where when you add a visual graphic of a ball rolling on your wrist, you could feel that. We can make up for inabilities in tech with audio to fill those gaps.				AR can use all senses. Audio can fill gaps due to sensory inconsistencies.

		Can you discuss which users in particular might benefit the most in their respective scenarios from AAYR?		It depends on the applications itself. My theory is that we don't totally understand what it could be, because we don't have it yet. It really does depend and we wont understand it until later, but I'm not sure when is later?
Which users find visual AR helpful? I would give a similar answer, though for example people who are hard of hearing many not benefit from AAYR. Its kind of like looking at disability in phases, because you could have it for a lifetime, a season, or a moment. Thinking of this in AAYR, I may have some limitations like not wearing my contacts in the morning, so AAYR could be great there. Or with a degenerative eye disease, which could be a season or a lifetime. Thats underselling it still, because it makes audio seem like its only good if something else is failing. Theres probably more intstances where audio is important that I am not considering.				Those with hearing loss won't benefit from AAR. Present information when necessary. Temporally scalable use cases.

		In terms of auditory displays, which is the most important aspect, with respect to human hearing, for providing information? (ego vs exo-centric display, spatialized vs non-spatialized sound, speech vs non-speech sounds, amplitude, pitch, etc)		I think that at its most basic, the principles of an audio displays. I think thats the starting point. But, what if that changes for AAYR? Thinking about visual AR, you start with principles like what are the grounding principles in this case. For visual you now have graphics plus the world. So context for AAYR is really important, it depends on the environment. I dont know that anything really changes about it. Going a step further and saying that theres probably another shift with spatialized Audio AR, I don't know what that would be. But there would be shifts in it.				Same principles of audio displays apply to AAR.

		What form factors (hardware, such as earphones) do you imagine being used in application of AAR? 		Theres a lot of interest in wearable technology, you could imagine some kinds of headones, like in ear, bone conduction, etc. All that stuff exists so thats a possibility. But could we also store some audio information in a specific location, like with speakers, instead of it being localized from a person, for exaple. I think that there would have to be something on the person, possibly glasses with bone conduction properties, or even a watch with some audio capabilties. It depends on if it were for one person or for many people.
Right now when we thing of hearing aids vs, visual aids, visual aids can be larger and become more of an accessory, esp when comapred to the inconspicious hearing aid? Will the devices be as small as can be? -- This gets into market trends and what people accept into new technology. Its something similar with airpods for example, which is a small think, but is also a statement in a sense. Theres definetaly a trend for that. Some of that is seen with headphones, but part of that was driven by the use of cords. The form of the device may have some flexibility, so it depends on if it gets in the way of something else, like changing my shirt, for example. It would depend on the convenience. There is a tradeoff between comfort and fuction which is a key driver of that as well. And thet may drive that conversation as well.				When required, the auditory information can become part of the environmental sounds as a shared experience, but otherwise remain accessible to individuals that need it. Consider comfort and function trade offs.

		Based on this discussion, how would you define AAYR?		I dont think that my definition changes necessarily. AAYR could be indivcidually worn so that it is spatialized locally, but I also think that it could be a speaker playing music the next block over. There are differnt forms, and they all have unique value.

		As an emerging field, what future directions do you envision for AAR? For example, vision based AR systems  have matured for application in aircrafts and vehicles as Heads Up Displays (HUDs).

		We will now show you a taxonomy that was developed after a literature review. Please share your thoughts, comments, and suggestions on ways to improve it.		I think that this is just a massive space, so when I am even thinking about the context, its hard to keep that as a piece of a taxonomy for something else, because there so much richness there. Some of this is more theoretical, and some is more specific like recreational activities.
Under form factors, I differ more than others you may have talked to. I still find a stereor to count as a form factor for AAYR, unless you are talking about AAYR for an individual, where you need control over the sound.
Use Cases -- I think that context is a way to get to use cases, and I say this because "training scenarious", well what if its just leanring in general, like what kind of learning moments would we be forming. Youve got some classic moments of when we as a field have thought of AR, like with getting feedback from training, or navigation and wayfinding. These are all very reasonable. I think that soundscape recreation is an important one, so that we can also give a feeling or an emotion, effectively a nonverbal essence. And theres probably research into what kind of music makes you feel different things. VR sound applications, mixing more and more real and virtual integration makes sense, and that is important. I did a study about augmented mirrors, we got feedback about these specific graphics, sometimes a car would drive by and its interesting how the wrong sound can destroy that sense of presence, or what youre feeling is real. You may want to include some about the value in removing sound. AAYR is often seen as additive, but it also dimishes. We should probably consider diminished reality. This is a subset of AR, from my internal definition, so sound cancelling headphones would work like that. In this sense you could cancel out the wavelengths, so that my ears don't regiester it (in comparision to sound masking). What sounds do you let through, because in some cases it is very important. Especially with things like military and construction purposes.

Do you think there should be two versions of the taxonomu, high level vs street view?
This document as it is gives more information about how the goals and defintions of AR from different perspetves. A different kind of framework could help me think about the different perspectives could give a more general view. I always think of things in terms of the human, the task, and the environment. How does that change the needs of the system? I do think there is value in this split, because the street view gives you the detail and the richness, and the birds eye view gives you the connection.		Behavioral changes?
Ethical question there - should we change people's behavior. Its one of those thinsgs where it may be something like causing a physiological change bcause of the waveform, but it could also change someone because of what it evokes
As you move further into these genearlized things, like shoudl you make people feel happier in jail.
Can consider that effects of sound chaneg in the workplace, could it have a negative impact on you? Changes how you focus possibly.		Loudpseaker sound is AAR - yes.Removing certains environment sounds is AAR - yes.Have a high level taxonomy as well as a detail level taxonomy (hierarchical)

		We will now show you a video demonstration of the  capabilities of  AAR using a prototype device. Please rate your satisfaction of its performance on a scale of 1 to 7, where 1 is highly dissatisfied, and 7 is high satisfied. Next, please provide your thoughts and ways to improve the application.





EI3

		Name: Dr. Kangsoo Kim (AR expert); 7-10 years now research focused on ~AR human interactions. How people interact with them, based upon human features

		Questions

		What is your understanding of AR?		Immersion of virtual and physical stuff together. My view has changed as time goes by, like 12 years ago when I first started my research in AR, I read a paper that defined AR, and thought of it as more of a visual interaction type thing. The registration part was important, how the virtual was regestered in the physical space. But with audio and other perceptory parts, I feel like its more than just the visual aspect, like with audio and haptic. I am trying to see this terminology in a more broader sense these days than when before.				visual interaction, registration, and perception of virual information in the physical space. Can be multimodal.

		Do you think listening to music, through loudspeakers or earphones, can be considered an example of augmented reality (audio in AR)?		Its interesting, yeah it really depends on how you define AR, but right now, to me AR is more like an adaptation where people have already gotten more use to it. Its already my reality, I can listen to your voice through my headset. Maybe 100 years ago if we coined that technology, when we first invented that music system on technology, then maybe we should consider it AR at the time. But right now its difficult to say, because it is part of my reality.		Every time I present my research to the audience, I always try to present what the reality is, which is baed on my experiene. AR is enhancing my experience, like with this video call right now. Reality has been changed to me, and my perception of reality has changed, and this AR technology are just the tools to change/enhance our reality.
There is a researcher in U Penn, Computer Graphics Professor Normal Bedlan, paper is from the late 90s or early 00's, he mentioned that our generationmight be the last that distinguishes between the real and virtual world. But, who knows? Howe we define AR may change in the future, it could just become reality, where we dont have a difference in virtual and physical space.		adaptation dependent may perceiving virual sounds as real sounds, then it is no longer AR. Hence, AR definition dependent. Have to define reality to understand what the augmentation is. Listening to music is AR? No

		According to you, what are the requirements for sound to be considered an application of audio augmenting your reality (AAYR)?		Going back to the definition we mentioned in the AR literature, onr of the things is the registration in that physical environment and the interactivity. To me the AR with the physical environment should consider the real aspect. To me if I want to call the AR at the stage of the current tech, it depends on the scenario or context that I have. On top of this context, I am doing a tast, so I can extend my experience related to this context, then I would call it AR related to the modality.				Registration and interaction with physical world. Context dependent. User goal or task dependent. 

		Which use cases or scenarios, do you think, will benefit users the most as an application of AAYR?		Related to the concept I mentioned and the user's experience, each user may have a different expeirence and perception of reality. AR, especailly related to the audio, many researchers have looked into the audio effect for the visually impaired. For their experience, they cannot really see, but through the aural feedback, they can extend their feedback on top of the real data. They can now process more. That is certainly an AR.
Also even with the AR if the user can only see the visual stimuli, that could be one scenario for the training. What we develop is mostly based on a combo of visual and aural senses together. So AR that combines these two data could be considered AR. When I talk to a virtual human in front of me, not only am I seeing them, but I am talking to a virtual agent, and that case is plausible and I can extend my virtual communication through that agent.				Visually impaired individuals, use audio to extend their percepetions. Multimodal AR for training purposes, embodiment of virtual information.

		Can you discuss which users in particular might benefit the most in their respective scenarios from AAYR?		As I said before those particular groups who don't have ability to see or limited to other modalities, sensory modalitites. Also if they cannot really hear well, and if we can somehow emphasize the magnitude of the sounds. These days a lot of entertainment industries have VR show in the metaverse or virtual reality showroom, where they can have like a concert for example. In the AR space, you can have that aural space for AR concerts in a physical space. That kind of audience would benefit from aural AR. In daily life, people can use this audio based AR, if I need to specify the application areas, then I would say entertainment. We can extend the use cases, but I don't think thers a particular group, rather general users.				Those with limited vision or other modalities. Aural AR concerts in a physical space. Entertainment use cases for users in everyday life. Everyone can benefit to an extent depending on context or use case.

		In terms of auditory displays, which is the most important aspect, with respect to human hearing, for providing information? (ego vs exo-centric display, spatialized vs non-spatialized sound, speech vs non-speech sounds, amplitude, pitch, etc)		It really depends on the scenario that you want to use it. There is no silver bullet per se. Sometimes its good to have an ego centric, where only I can hear and you can't. But it really depends on the users needs at the time.				Scenario or context dependent. User need dependent.

		What form factors (hardware, such as earphones) do you imagine being used in application of AAR? 		In general AR displays will have that auditory device together as well. Example is Hololens with its audio system. But I don't really want something clogged in my ear. Something like ~bone conduction~ might be nice in this case. In general the AR device, wearable or whatever type of display, will be related to that kind of form factor. If I have to think of a more futuristic device, now we have hololens/magic leaf/snapchat glasses, but we want to develop lightweight displays. In the end, if we have some implanted display, we could do the same with audio impants in the human body.				Bone conduction, lightweight, auditory implants in the human body

		Based on this discussion, how would you define AAYR?

		As an emerging field, what future directions do you envision for AAR? For example, vision based AR systems  have matured for application in aircrafts and vehicles as Heads Up Displays (HUDs).

		We will now show you a taxonomy that was developed after a literature review. Please share your thoughts, comments, and suggestions on ways to improve it.		It all makes sense.
I think many of these definitions adress physical reality register aspect. The first one is very close to the one by Azuma I think. The second one is quite interesting, its more modified signal I think. I think this is more general. I cannot complain about any of these definitions.
Use Cases - The second from the bottom is a bit confusing to me, its a very general situation. Im not even sure if I can consider it a use case - animating physical things with sounds. Its somewhat similar to some of the others then. Its pretty similar to what we have in the last row as well. Thats what I though and also I was thinking about education type applications which will benefit with the audio AR stimulation. There are papers which have focused on that. Theres also a difference between education and training for instance. One of the projects Im involved in is a literature review on spatial systems. Maybe the auditory information can extend that spatial coginition information to depend on my location and the surrounding buildings/objects. The interception or the manipulation of auditory info could help you understand how the sound works and then you can learn the phyiscal phenomenon somehow. Education then could be one of the use cases.
I think this table misses entertainment, like virtual/AR concerts for example. Also imagine a concert happening in some place on campus where some people don't really want to listen to that music, so they can use their own AR display which does not mess with anyone else's displays. That kind of a use case could be included if you are not limiting your scope to the literature review that you have found. 		Is it more of a singular or shared experience?
These days the head mounted system is more individualized. One of my concerns is that kind of visualization. This is more of an ethical thing, like with Black Mirror, which showed dystopia involving where each person has their own experience that can cause some difficulty in communication. If your reality is completely different from my reality, it would make communication much worse. Technology is too fast for the regulations or the policies. Which cant follow as usual. I think the audio stimuli is the same. I think we're getting more and more focusd on that customized individualized experience, but I would like to somehow communicate with other people. How I can actually understand what you are thinking and what you are trying to do (theory of the mind). It should help for us to communicate in a better way. 
Echo chamber question.
Thats what Im always trying to keep in mind as a developer.scientist. When the public first sees these AR experience, there are mulitiple kinds of experiences. Some really like it and some are concenred about their impact on people. Thats what I always try to keep in mind and not forget. A lot of users use social media these days, like with YouTubes recommended and related videos, which is pretty much the same thing that I liked,and Im more exposed to that same contecn again and again, which limits my opportunity to explore other things. Thats what I want to try to avoid. I dont want that kind of technology. I dont want to forget about that, or have that kind oftech to limit myslef. This could also cause a great knowledge gap between those have the tech and those who cant access it. I don't believe there is good or bad tech, but the way to use the tech had good or bad effects.		Physical reality registration. Animating physical objects with sounds - not AR? Separate Training and Education use cases. Location based audio spatialization - understand how sound would behave in a specific location. Add entertainment use cases - selective concert goers - those not interested can choose an individual different audio display. Individual AAR is good but should not hinder ability to communicate with others in the immediate physical world, if not in a better way. AAR should not create individualized echo chambers - social collaboration must exist. Equity issue between those with access and those without.

		We will now show you a video demonstration of the  capabilities of  AAR using a prototype device. Please rate your satisfaction of its performance on a scale of 1 to 7, where 1 is highly dissatisfied, and 7 is high satisfied. Next, please provide your thoughts and ways to improve the application.





EI4

		Name: Dr. Seongkook Heo (AR expert); Assistant professor at UVA, research in HCI, specifically in new interaction techniques with new interactive technologies like haptic tech. Also builds new tech for new platforms, so building new devices, wepbages, online sources, etc.

		Question

		What is your understanding of AR?		AR is using computers to understand the surroundings; understand the actual/real world environment. Based on its understanding, it is using compuyting to add something to it, like technology. Computers understanding the environment and mixing audio/virtual information with the real world.				Digital data to understand the physical world by adding to it.

		Do you think listening to music, through loudspeakers or earphones, can be considered an example of augmented reality (audio in AR)?		Yes, I think its a very interesting area. A lot of AR systems are things that we visually see, like seeing some real world objects and using your phones, which gives you a measurement for those objects. But it does not just have to be visual, we listen to these surroundings. It depends on how it augments the reality. If you are just listning to some music or guidance, that is not really related to the reality, so it isn't AR. But if it is related to reality, for example Microsoft did a project about mixing audio information/sound with navigation system for visually impaired people (if you need to be at some place, you use spatial audio to help for navigation), it is difficult to say if it is really augmenting reality. There is another paper about wearing a helmet for bikers. The helmet has a camera which will see the camera and what you are approaching and will play some music/sound that is directly related to the distance, speed, object that is near the biker. Sonification can help you understand the surroundings. So we have computer interpreted sound.		Mentioned about how sound should be related to reality/persons task:

Assume that you are in VR, then what you are seeing is all virtual, there is nothing physical. If you are seeing both the physical and virtual world, that is AR. So it is kind of a mix of the two. I think the same goes for AAR, if you are wearing headphones, you are blocking other sound, then you can only hear what the system is playing. You can also map the sound to some place, where some movements can be directly mapped to that. If you can still listen to the environment and what people are saying and if the computer is also generating some audio that is related to the physical environment, then that would be AAR.		How music augments reality. If audio not related to reality - not related to user's immediate surroundings or user's task - not AAR. No leaning. Sonification that interpret the real world can be AR - helps understand environmnet.

		According to you, what are the requirements for sound to be considered an application of audio augmenting your reality (AAYR)?		Already touched upon this.

		Which use cases or scenarios, do you think, will benefit users the most as an application of AAYR?		First, not everyone can see visual feedback, some are visually impaired. They should be able to take advantage of computing to enhance their lives. For those who are visually impaired, AAR can be really helpful. Sometimes you can't really afford to use your visual attention, like when driving. They should be used in  a very safe way, because you have to keep attention on the road, and in these cases AAR can be great. EX: if you are driving what you are seeing can be just reality, and this is the most imrpotant thing, because you have to focus. Audio is less important because people close their windows and just listen to music, but then it could be important. Maybe teh computer can intrepret the road conditions and sonify it in some way. Convert the friction coefficient of the road to sound.				Visually impaired. Visually distracted (driving) - multiple resource theory. Sonify physical elements such as friction coefficient into audio to understand environemnt better- AAR.

		Can you discuss which users in particular might benefit the most in their respective scenarios from AAYR?		Imagine youre having a conversation with someone else. When Google Glass first came out, when notifications were displayed, you can't just read it, you have to mobe your gaze to that notification part to read it. In that case, your eye is not just a sensor but also a channel to keep your eyes engaged. In those cases, having audio feedback may be helpful. If you cant really divert your physical attention, it can be helpful. If the user is working in the area of making many human contacts, then it can be useful.		I think it is all about characterisstics of the situation, of the context. All of these things are constraints that could be permanent, and they all have their own characteristics. AAR can be helpful if that context has some constraints related to the visual perspective.
Not being able to see or use the visual feedback is kind of the limitation, because you can use the audio feedback then. It can work better rather than just visual feedback just not being available. Maybe if the property that you are trying to sonfy can be better in audio that visual. If there is something that is more directly correlated with what happens in sound, then maybe those can be good application areas/		Users whos visual channel is occupied. Context driven - constraints of visual perception. Better perception of quantity through sonification than visualization.

		In terms of auditory displays, which is the most important aspect, with respect to human hearing, for providing information? (ego vs exo-centric display, spatialized vs non-spatialized sound, speech vs non-speech sounds, amplitude, pitch, etc)		I am not an expert in this, but when I use VR or AR systems, what I love about those systems is that they track your position. There is 360 tracking of your head, hand, and environment. Those are really powerful, because with a computer, you are using 2D information to manipulate properly. If the system can track our movement, then it can provide a lot of information related to that. If I want to look at the ceiling I can just look up. That seems simple, but if you are playing a game, it becomes a very tricky business. I think audio feedback can use some of this technology. Tracking tech is now better then ever. This can be really helpful in giving information, especially in relating virtual content to physical things. You have to have something spatial in these cases, because otherwise you are just getting audio feedback.		Distinction between spatial audio, watching a video in front of you, you can prove that same version of audio when simply listening to audio, it mimicks the same thing, but assumes the sound source is in front of you. Then is it really added meaning to that spatialization aspect.

I think it depends. If i want to listen to music, and my phones is in the back pocket, I don't want it to play from behind. Spatialized audio also uses HRTF to create this kind of audio. If you are havig some instruments play on left and some on right, that kind of become a standard stereo system. in this case, spatialied audio is not totally helpful. It is helpful when you remove the audio source and need to choose a place to play the audio from. 
It can be seen as something similar to Netflix in VR. The content you are watching is 2D anyways. So if you are sitting in front of a large screen/TV and watching a movie that is 2D and what you see around you is just the environment. People can sit next to each other and talking to each other than you can hear each other, but imagine you are in a VR world in an actual VR world that you can move around in. If you move around there will be all this virtual content that responds to how you act in the environment. You can have a flat audio signal, or it can create the whole spatial audio to give a more realistic experience.		Audio spatialization through head tracking and head related transfer functions. Place audio source anywhere aside from left and right of user (stereo sound)

		What form factors (hardware, such as earphones) do you imagine being used in application of AAR? 		The simpler the better. We already use a lot of audio devices like headphones and speakers or maybe some earpieces. If the audio AR device can be made smaller, that would be better.
I wouldn't say that smaller is necessarily better, because not everyone looks for the smallest headphones, like the ear covering headphones, and they provide better sound. If the AAR system can be made like those normal speakers, then it should be fine. AAR can be better at building hardware, because if you are using a visual system, it should be something that does (not?) look like glasses. It will start of not as very minimalistic. People already play audio with headphones, so we just need the computation.		To create and AAR system you need to understand the environemnt: you need the sensing system and the audio system, which can be done with an audio or visual display. A huge part of some AR systems are headsets, but some use smartphones, and tracking and sensing is usually done with cameras. So those cameras can be make small, and one of the biggest components in the display, that is what make these AR devices really wierd. Some devices move these units to someother unit, like the magic leaf device, which has seperate unit which you use like a holster on your belt. It is still kind of wierd and gigantic because of the display unit. If you thjink about this the computation unit bcomes better. Sensing only requires some cameras, and sensors which can be made really small. Headphones already sound great and work well. So among those 3 parts, one of the most difficult pattern is the actuaion part, which is already mature at this point.		Smaller, simpler. Understand environment. Separated instruments for tracking, sensing, displaying.

		Based on this discussion, how would you define AAYR?

		As an emerging field, what future directions do you envision for AAR? For example, vision based AR systems  have matured for application in aircrafts and vehicles as Heads Up Displays (HUDs).

		We will now show you a taxonomy that was developed after a literature review. Please share your thoughts, comments, and suggestions on ways to improve it.		I think those users and contexts make sense. I think the ones you have here make sense, but it is hard for me to understand it as a whole. Like how you are organizing this and how you are covering the whole aspects of AAR, like how you are augmenting. I think the taxonomy can probably have some hierarchies and some higher level ideas to maybe arrange these ideas. Like when you are augmenting the reality or using spatial audio. Maybe there can be some different levels, which is better than a list of items. It is hard for me to understand if it is fully capturing the whole idea.
There may be so much more that I could not think of, and thats the tricky part of having the list of things. But from what I have read those all sound quite compelling		A: If someone is playing an electrical guitar, is it AAR?

S: You are using computer to generate the sound, so that you are localizing the sound source, so that the player feels like the amp is beside them or near them?

A: Solely just a person with a guitar which is connected with an amp--

S: I don't quite get it, is it just the computer working as an amplifier, and there is nothing spatial about it?
I don't think it is AR, and that is because when the computer is simulating that, it has nothing to do with the room or the environment, which it has no understanding of. I would not say that is AR. It is just amplifying the sound.		Hierarchical taxonomy. Electric guitar sound - not AAR. 		Thinking from the computer's perspective - how the computer senses, modifies, and displays - not related to the human.

		We will now show you a video demonstration of the  capabilities of  AAR using a prototype device. Please rate your satisfaction of its performance on a scale of 1 to 7, where 1 is highly dissatisfied, and 7 is high satisfied. Next, please provide your thoughts and ways to improve the application.





EI5

		Name: Dr. Kyla McMullen (Audio expert)		I have been working with 3d audio since about 2008, so maybe 14 years. And I typically work on perception (3d audio, how can we make people percieve it, how can we augment it, remember where things are), applications (how we can apply 3d audio into lots of different contexts, like a musuem or firefighter search and rescue situation), and development (whenever we create a 3d audio solution we try to develop everything within it).

		Question

		What is your understanding of AR?		AR to me is reality perceieved often through a transparent glass, a reality that allows you to overlay either digital or audio components that is not already there, bt overlayed on the natural environment, but not in a way to not be able to perceive the natural environment. It sort of integrates with the environment.				Transparency, overlay new digital or audio components integrated with reality

		Do you think listening to music, through loudspeakers or earphones, can be considered an example of augmented reality (audio in AR)?		I think about that some times too, sometimes I like to listen to musicals, and I remember once driving with a friend and we felt like we were watching something. As we were listening we were making a world inside of your head that you perceive. Listening to things that have a story component could be considered AR. I can just hear a song from some play and be transported to that sound, even when just listening to that sound. "A: you said you passenger was almost immersed, while you were driving, correct? In this case your passengers have the primary focus of the song, but your primary task or goal is to drive safetly, do you think there is a distinction between categorizing your experience vs. your passengers in terms of which is and isn't AAYR.

K: I think that can both be consideered AAYR, but I am the person with the split attention, Im not as immersed as I otherwise would be. It should not distract from the actual environment, whether I focus on it is my decision, but it is still displayed so how much I pick up on it is my choice."		A: you said you passenger was almost immersed, while you were driving, correct? In this case your passengers have the primary focus of the song, but your primary task or goal is to drive safetly, do you think there is a distinction between categorizing your experience vs. your passengers in terms of which is and isn't AAYR.

K: I think that can both be consideered AAYR, but I am the person with the split attention, Im not as immersed as I otherwise would be. It should not distract from the actual environment, whether I focus on it is my decision, but it is still displayed so how much I pick up on it is my choice.		Story telling aspects qualify to be AAR - sound induced experiences. Context driven YES.  Immersion can vary.

		According to you, what are the requirements for sound to be considered an application of audio augmenting your reality (AAYR)?		Having direction, a spatial component for AAYR, because often times the things we are trying to portray have a natural location or an implied location in space. Theres one project thats a sort of navigation system, where you put in a lcoation on Google Maps and will ping in a certain direction to show how close/far you are. A lot of the projects I use for AAYR has a directional component, because number one stream segregation, so that people can split up the sounds in their environment. For safety a person needs to be conscious of their outside world, we don't do that, but it is probably really necessary. It is unobtrusive and has a spatial component, and its also able to be detected over the normal noise that happens in an environment, something that allows it to be heard.				Spatialization to denote location of source. Navigation purposes. Stream segregation to distinguish sounds over natural environment. Unobtrusive.

		Which use cases or scenarios, do you think, will benefit users the most as an application of AAYR?		Any sort of navigation, search, theres also fun as well. Some students made a Pokemon Go type game but only with audio. There is an entertainment aspect that sounds really cool, some could be serious, like for training. Overlaying actual fields with combat for a soldier to practice. Also orienting or finding a way point where everyone needs to meet up. I feel like sound is best over ears for finding things. "A: You know how Apple's AirTags allow you to navigate towards a missing object with a beeping, is that AAYR?

K: Yes, because it is helping you achieve some task and the audio is not of the natural world, and you are percieving it with your senses."		A: You know how Apple's AirTags allow you to navigate towards a missing object with a beeping, is that AAYR?

K: Yes, because it is helping you achieve some task and the audio is not of the natural world, and you are percieving it with your senses.		Navigation, search operations, entertainment - games, militray training purposes, over ears for finding things.

		Can you discuss which users in particular might benefit the most in their respective scenarios from AAYR?		People who perhaps have a lot of visial things to focus on and need an audio channel that can be different to or add onto the visual things they are looking at. It could help with offloading some work. For the entertainment, just about anybody. Yeah, people with visual impairments would find this helpful as well, to help them locate things. There would also, then, need to be something to help them navigate around obstacles.				Viusally intensive tasks benefit from auditory channel, offload certain workload. All entertainment purposes. Visually impaired, search operations.

		In terms of auditory displays, which is the most important aspect, with respect to human hearing, for providing information? (ego vs exo-centric display, spatialized vs non-spatialized sound, speech vs non-speech sounds, amplitude, pitch, etc)		I would also add representative cues, lets say a system represents 5 different beeps that correlate to 5 different objects, that cretes a mental load requiring people to memorize certain beeps and commands, so audio that can already associate them is important. I dont knwo if latency will come in here, but it will definetaly have to be in concert with the natural environment, to not make people nauseous. So that it is in tandem with peopls real worlds. Yes, spatialization is important, because at least to me, it is hard to distinguish between different sounds, but if they have their own location, our ears will have an easier time seperating those. "A: In terms of wayfinding, we usually find in the real world that the sound source is with the object (like with Apples object finding thing), it maybe useful to move that sound closer to you so that you can hear it. If you are trying to replicate this with wearables, is it useful to gudie someone to point A, then B?

K: Yes I was going to say break it up into way points. If something is 300 m away, we could set up say 10 points to help someone to get to their destination. It wouldn't work if you just had to also deal with all the sounds nearby to you and a very distant sound."		A: In terms of wayfinding, we usually find in the real world that the sound source is with the object (like with Apples object finding thing), it maybe useful to move that sound closer to you so that you can hear it. If you are trying to replicate this with wearables, is it useful to gudie someone to point A, then B?

K: Yes I was going to say break it up into way points. If something is 300 m away, we could set up say 10 points to help someone to get to their destination. It wouldn't work if you just had to also deal with all the sounds nearby to you and a very distant sound.		Representativeness of auditory cues to minimize mental workload, latency issues for immersion, reduce any nausea. Work in tandem with natural environment and people. Spatialization to easily distinguish sounds.

		What form factors (hardware, such as earphones) do you imagine being used in application of AAR? 		We have a project where we are augmenting the museum experience, we have all the technology its just not pretty. What had to happen was that we had to give them a processing unit on a Raspberry Pi in a fanny pack and some sensors to know what direction was facing in their headphones. There gets to be a considerable amount of tech. Putting all of this into one device is not the prettiest thing, but what might work best is some headphones that go in your ear and around so that you can still hear the outside world. If bone phones got to the place where their could be accurate for localiztion and you can still percieve the outside world. Either the exertenalization or elevation is not good with bone phones, but tech improves so we'll probably get there. Then your ears won't be covered, so then you won't be out of the world. In wayfinding you may want to still have focus on the road, for example.		.		Headphones inside ear or around ear to remain aware of outside environment. Bone conduction earphones but with better localization features; current BC are not good with exernalization or elevation 

		Based on this discussion, how would you define AAYR?		It has not changed much, I like that you brough out a lot of the use cases that I had not thought of before, like with hearing protection. With audio AR, its not necessarily about the device, like with visual AR you need a Hololens for it. Audio AR is any audio that you put over headphones that doesn't interfere much with the natural surroundings or that you can percieve some other information, direction, story, etc. Its basically giving you a different sense in conjunction with the real world.				AAR is not hardware focused, unlike visual AR. Provide diff sense in conjuction with the real world. Any audio that does not interefere much and perceive some other information.

		As an emerging field, what future directions do you envision for AAR? For example, vision based AR systems  have matured for application in aircrafts and vehicles as Heads Up Displays (HUDs).

		We will now show you a taxonomy that was developed after a literature review. Please share your thoughts, comments, and suggestions on ways to improve it.		For B3, do the sounds actually have to be associated with an object, or can it just be an area? I guess thats one thing that kind of jumps out, tying it to an actual object may not be necessary, like if I want you to walk to the left, I can just play audio to the left.
What would be a sharable device in F3? [We're assuming a headphones thing two people could share either in the same place or in different places] Is the sound relatvive to their position? [Its relative to their position but with them interacting in the same context] 
I'm looking at the head tracker under form factor, I definetaly understand the purpose of a head tracker, but just the feasability of it. Google Glass was ther etech wise, but people thought it looked dorky. 
What's the different between B6 and B7? [They are very close, a lot of the definitions have overlapping elements. In B6 we're thinking of recording the audio and enhancing it in some ways, like when walking in a park and enhancing the sounds of one birds sound coming from some direction to enhance the experience. And then in B7, this is talking about a form of sonifying the sounds that exist in reality but for preobtained data]
In D8, where it says that audio with visual AR to asist in a primary task, why is that only for older adults and explorers? [So I'm guessing older adults because they'll have diseases like Alzhimers and they could use help to find things. For explorers, that could work for anyone giving them an experience to explore beyond the actual physical trail] I guess my point was that older adults are not the only people who could benefit from this. People on the spectrum may have trouble with executive function and may forget these things. So you would be limiting it from people with cogintive abilities that coud also be helped by this.
I'm not sure if I understand the use case for row 9, digitally gen audio on top of on top of reality to add to but not remove from it (construction workers; military). [In this row, we decided to focus more on noise use in hearing loss. Those people need hearing protection and so need to mask certain noises, so you need to take away some noises from the environment, but youd need to add noise to mask that so at least perceptually youre trying to take something away. Artistis and musicians require some quiet environments, which isn't always easy to find a very quiet environment, which was our reasoning here]. That makes sense, I guess Im just thinking that musicians need quiet but also need to hear themselves, musicians also need to blend in with others, so often times theyll play with others in their section so that kind of isolation to hear people within your section would make sense.
The earphones part, theres somethinbg that you can put into your eardrums to do this. When I was working at Wright Patterson Air Force lab, you should look up Doug Brungart. And he created this thing that you have to install into you actual ear canal, one end is blocking and one is delivering sound. And you can wave a magnet at it to work with it, ie change volume. Its more like someone else has to put it in your ear, it is definetaly not surgery. He uses it all the time. [And that allows him to do what again?] To isolate the world, and it can attenuate the outside the world. You run a magnet by your ear to control it. I don't know if it can go past your hearing to help you if youre hard of hearing.

		We will now show you a video demonstration of the  capabilities of  AAR using a prototype device. Please rate your satisfaction of its performance on a scale of 1 to 7, where 1 is highly dissatisfied, and 7 is high satisfied. Next, please provide your thoughts and ways to improve the application.





EI6

		Name: Dr. Areti Andreopoulou		An assistant in music tech and my main area of research is 3d spatial audio, both perception and signal processing, both the subjective and objective perspectives on that. I am mostly concerned with audio aspect of AR/MR/VR. I have been working in 3D audio since my PhD for the past 12-13 years.

		Question

		What is your understanding of AR?		AR is a method of enhancing one's perception of the surrounding environment. Its a way to enhance ones experience in a real physical space.				Enhance experience/perception of real physical space

		Do you think listening to music, through loudspeakers or earphones, can be considered an example of augmented reality (audio in AR)?		It depends on the context. I think that if you are listening in a passive situation (riding a bus and listning to music), then those two events are so dissasociated it is not an AR experience. Say youre listening to music while cleaning up in your house actively, those two things make your work more fun, so it does fall within the event of augmenting your reality. "//Shared vs. Personal Experiences
I fail to see at this point the benefit of a shared AR experience. I see the benefit in a VR environment, and I consider the audio a shared experience possibly. But for AR? I lean towards no from a personal experience. I haven't thought about it much?

A: Does listening to an electric guitar in the same room shared audio AR?

I mean a collective listening experience, we experience that every day. I don't see the augmented part of the experience in that situation. How would listening to a concert be an augmented experience?

A: The sound is produced in a way digitally and it is overlayed on top of your immediate phyiscal environment. I am not sure if it should or shouldn't be.

Yeah I would not consider that an AR. I would still need an audio layer on top of this guitar to consider it an audio experience. My definition is a bit more restricted in this sense."		//Shared vs. Personal Experiences
I fail to see at this point the benefit of a shared AR experience. I see the benefit in a VR environment, and I consider the audio a shared experience possibly. But for AR? I lean towards no from a personal experience. I haven't thought about it much?

A: Does listening to an electric guitar in the same room shared audio AR?

I mean a collective listening experience, we experience that every day. I don't see the augmented part of the experience in that situation. How would listening to a concert be an augmented experience?

A: The sound is produced in a way digitally and it is overlayed on top of your immediate phyiscal environment. I am not sure if it should or shouldn't be.

Yeah I would not consider that an AR. I would still need an audio layer on top of this guitar to consider it an audio experience. My definition is a bit more restricted in this sense.		Context driven. If music actively helps in performing a primary task, YES. Electric guitar sound in person is not AAR - not augmenting anything.

		According to you, what are the requirements for sound to be considered an application of audio augmenting your reality (AAYR)?		We need layers of audio that is coming into the physical space that doesn't necessarily belong in that space. I want to augment the experience, I want to have this audio give me more information or more context for what is exactly happening there. In your case, I would not consider a physical guitar or a flute playing on top of that guitar AR, because I would not consider that a meaningful experience. I want my experience to be enhanced in a meaningful wayk, so that I get more information about what's going on: me and maybe not next to the person next to me.				Unique layered display of auditory information that adds to what is already there. Has to be meaninfully enhanced. 

		Which use cases or scenarios, do you think, will benefit users the most as an application of AAYR?		I would consider assistive technologies benefitting from technology, for example any navigation technologies or rehabilitation or anything that falls within this category would rely on this technology. Education: you can enhance remote education scenarios with augmented reality. You can bring your classroom or a new environment with a virtual teacher or student into your reality. You can create a shared classroom space for those who are far apart. And this is important for enhancing your experience. I also see a benefit to the gaming/entertainment industry a lot. Not necessarily just music, but also gaming, movies, etc. Also adding the visual experience. "//Would deaf people benefit from audio AR?

I would say, surprisingly, yes, because sound is not necessarily only the experience that we are having in our mind, it also has a tactile vibrationalsense to it. I am proposing a project around that concept right now: I think what we consider AAR in terms of deaf people, or reduced hearing capabilities persons, I think that using the necessary devices you can have those people augment and enhance their experience of the environment with vibro tactile information."		//Would deaf people benefit from audio AR?

I would say, surprisingly, yes, because sound is not necessarily only the experience that we are having in our mind, it also has a tactile vibrationalsense to it. I am proposing a project around that concept right now: I think what we consider AAR in terms of deaf people, or reduced hearing capabilities persons, I think that using the necessary devices you can have those people augment and enhance their experience of the environment with vibro tactile information.		Assistive technology - navigation, rehabilitation. Education - enhance remote learning, shared classrooms. Entertainment - music, games, movies.

		Can you discuss which users in particular might benefit the most in their respective scenarios from AAYR?		Any user of those previous sets would count: students, gamers, deaf people, etc. If we divide users in a different way, I would think age wise, which is different that what we would expect. Because this is something that takes time to get used to, as to not be overwhelming, if this is a route that we are going towards, people who are younger agedf will benefit more if they get used to it and it becomes a way of dealing with it without it becoming overwheling, but simply the norm, like another way of reading the news. If we could be exposed in a controlled way that would be good, as it is kind of overwhelming.				Age based users. Experience based users. Controlled exposures to avoid becoming overwhelming.

		In terms of auditory displays, which is the most important aspect, with respect to human hearing, for providing information? (ego vs exo-centric display, spatialized vs non-spatialized sound, speech vs non-speech sounds, amplitude, pitch, etc)		You need to have a convincing spatial audio interaction so that your experience is immersive enough. That can mean a variety of things, it can co from the most convincing or tailored to your need (the best selected HRTF data set that fits your need the most with acoustic room conditions). T obe honest the level of accuracy and modeling for those components depends on the type and scenario. When designing an AAR display, I would not spend my time emasuring all a user's HRTF data, if the experience is something more loose/placid/informative. Same with the room acoustics. When bringing your virtual space to your real space, how accurate does it need to be as to not contradict between the two spaces. In most of the cases it doesn't really matter, it just needs to be fine such that users don't immedietaly reject the image. But you don't necessarily need to spend all of your energy to that, it just needs to be acceptable enough. The only issue comes up with your virtual and physical world contradictig each other. And we don't have yet an answer on how to prevent that. I think the two spaces should be treated equally, but I don't have an answer on how to solve this problem.				Convincing spatial display and interaction. Increased immersion.  Depends on the needs of the experience. Acceptable enough HRTFs and room acoustics so user do not immediately reject the image. Virtual space and real space should not completely contradict each other - unsolved.

		What form factors (hardware, such as earphones) do you imagine being used in application of AAR? 		The two tendencies for playback that would let you overlay are bone conduction headphones and open "back"? headphones. So that you have the virtual environment in your ears along with the other one. I prefer open back headphones for playback, so that the real noise comes in a natural way to your ears, but then you are leaking your virtual world to others. If its a shared environment, then you are altering the real world, so you are creating a feedback loop. I have not, in my work, experienced binaural playback with bone conduction headphones, but from what I have read and other people, they say that the image is more distorted. "//If we had speakers places in different locations that was playing audio of a specific kind to give the impression of being there would that count as AAYR?

That's why I said when you have experience with binaural or point sources from different locations to your physical space, so your putting your speakers where you would expect the sound to be. I would consider that an AR experience, yes, by definiton. You are running into a different problem in this situation, which is if you are treating your sources as point sources, so the location of speakers is location of virtual source, then you have something very concentraed in your real space, so it may completely dominate the sound or be masked by some sound. In this case you would run into problems of having speaker position that cause sources to be more or less spread based upon where you have placed them. If they are standing then they have a fixed width. Putting this in the real world means that you have spread that is represented by stationary sound speakers. So you immediately get a visual and physical perspective that contradicts. This is an AR experience that can work in the right circumstances."		//If we had speakers places in different locations that was playing audio of a specific kind to give the impression of being there would that count as AAYR?

That's why I said when you have experience with binaural or point sources from different locations to your physical space, so your putting your speakers where you would expect the sound to be. I would consider that an AR experience, yes, by definiton. You are running into a different problem in this situation, which is if you are treating your sources as point sources, so the location of speakers is location of virtual source, then you have something very concentraed in your real space, so it may completely dominate the sound or be masked by some sound. In this case you would run into problems of having speaker position that cause sources to be more or less spread based upon where you have placed them. If they are standing then they have a fixed width. Putting this in the real world means that you have spread that is represented by stationary sound speakers. So you immediately get a visual and physical perspective that contradicts. This is an AR experience that can work in the right circumstances.		Bone conduction and Open back headphones (allows to real noise in in a natural manner). Feedback loop in shared environment since real world is altered. Binaural loud speakers in real world is AAR; the speakers can dominate real sounds in a small space though. Virtual sources can be more or less spread out based on speaker locations. Virtual and physical perspectives/images must match for satisfactory AAR experiences.

		Based on this discussion, how would you define AAYR?		It's an enhancement of the auditory display of a physicl space. A meaningful enhancement of that space. Bringing virtual information, sounds, adding more information enhancing your experience of the real auditory display.				meaningful enhancement of the sounds of a physical sapce by adding virual information

		As an emerging field, what future directions do you envision for AAR? For example, vision based AR systems  have matured for application in aircrafts and vehicles as Heads Up Displays (HUDs).

		We will now show you a taxonomy that was developed after a literature review. Please share your thoughts, comments, and suggestions on ways to improve it.		I think it makes sense, it builds up on the information gradually and that is easy to follow. I only have one question, not sure I follow, "real time combination of real and virtual worlds", thats the build up I'm not following. Should it be the other way around?

A: Within a virtual world if we try to place viortual sound source so as to further immerse yourself into the virtual sound. This definition may not be connectd in the best way, but the idea was to enhance the immersion in the virtual world using audio AR. 

The virtual environment will alreay have a virtual auditory component?

A: Correct. That is sort of the idea here, where you are enhancing a VR experience using the audio, which is being produced through speakers here.

That is where youd draw the line, because youd define your VR experience as something that the audio should come over headphones? Is that what you mean? You have a VR experience with the graphics. What would it take to augment the audio of that to do audio VR?

A: Because we have an array of speakers that surrounds the user, you are able to spatialize the sound. SO when a car passes from left to right, so too does the sound, rather than just simply playing left and right channels on headphones.

But it you played interactive head track with binarural, would you consider that VR auditory display.

A: I would.

So the reason you are not considering the speakers one a VR auditory display is because 
a. the interaction is not computed somehow and
b. because you have two spaces, the virtual graphics space and the physical audio space

A: Right

I haven't thought of that, but yes that would be an augmentation of the virtual space by definiton. I just don't see that by the way that it is written. I see what you are saying and I kind of agree. Its an extreme scenario, but yes. "A: In regards to the use case column, do you think we missed anything?

You have tourist experience, navigation, and some that I would not think of, like object finding which would indeed be an AR situation. It covers all of the situations I am thinking of and more.

A: Do you think we can make any further categorization in regards to the auditory display design?

The design, you don't mean hardware wise, the design?

A: Right, I would say there is a single, two, or multiple layers of auditory information, but they're accessible based on your action. Do you think that could be another way to categorize these experiences?

Yes. I would say that another level of categorizartion that also reflects the complexity of the info that youre sharing is this, is what happens in terms of the layers of the auditroy display that youre trying to put on top of your experience. Because it also has another component that doesn't come starighforward but can be useful depending on what you want to do with that. If you think in terms of leayers, its also easy to add a timeline component to that, because the layers dont necessarily need to be concurrent. So it helps you also describe the build up of this augmentation. It can be something taht based on your decision or navigation, will evolve or the complexity will chaneg in a way that fits your actions or needs. Once you think in layers, you can also reflect that.
You're not really dealing with the hardware component right? Because youre focusinga lot on the how and the design, but you are kind of recycling the hardware. Youre just repeating more or less the same type of equipment.

A: Right, we just have one focus there, which is, for that context, what type of hardware would be the best. 

The way its added here, there is not necessarily a prioritization, and they are written in the same manner. In some cases it makes sense, and there are some components one wouldn't think of, but not necessarily your go to tool for every one of those categories. Beyond what youre looking at, maybe what you are prioritizing;; A: Is there anything else you'd like to talk about here?;; I find the compoinent of removing information as a component of AR interesting. I see the point, it kind of contradtics, it isn't augmenting its removing. I wouldn't necessarily see a part of this, but I understand that this can fit within the broad concept of AR, rather than my definition of AR.  		A: In regards to the use case column, do you think we missed anything?

You have tourist experience, navigation, and some that I would not think of, like object finding which would indeed be an AR situation. It covers all of the situations I am thinking of and more.

A: Do you think we can make any further categorization in regards to the auditory display design?

The design, you don't mean hardware wise, the design?

A: Right, I would say there is a single, two, or multiple layers of auditory information, but they're accessible based on your action. Do you think that could be another way to categorize these experiences?

Yes. I would say that another level of categorizartion that also reflects the complexity of the info that youre sharing is this, is what happens in terms of the layers of the auditroy display that youre trying to put on top of your experience. Because it also has another component that doesn't come starighforward but can be useful depending on what you want to do with that. If you think in terms of leayers, its also easy to add a timeline component to that, because the layers dont necessarily need to be concurrent. So it helps you also describe the build up of this augmentation. It can be something taht based on your decision or navigation, will evolve or the complexity will chaneg in a way that fits your actions or needs. Once you think in layers, you can also reflect that.
You're not really dealing with the hardware component right? Because youre focusinga lot on the how and the design, but you are kind of recycling the hardware. Youre just repeating more or less the same type of equipment.

A: Right, we just have one focus there, which is, for that context, what type of hardware would be the best.

		Mulitple layers of audio. Categorize based on complexity and context with primary task. Consider temporal aspect of layers since all layers are not available at the same time. Interaction dependent complexity and context of sounds.

						The way its added here, there is not necessarily a prioritization, and they are written in the same manner. In some cases it makes sense, and there are some components one wouldn't think of, but not necessarily your go to tool for every one of those categories. Beyond what youre looking at, maybe what you are prioritizing;; A: Is there anything else you'd like to talk about here?;; I find the compoinent of removing information as a component of AR interesting. I see the point, it kind of contradtics, it isn't augmenting its removing. I wouldn't necessarily see a part of this, but I understand that this can fit within the broad concept of AR, rather than my definition of AR.  		Prioritize hardware based on use case. Removing sounds not AAR.

		We will now show you a video demonstration of the  capabilities of  AAR using a prototype device. Please rate your satisfaction of its performance on a scale of 1 to 7, where 1 is highly dissatisfied, and 7 is high satisfied. Next, please provide your thoughts and ways to improve the application.





FG1

		Question		P1 (Caleb)		P2 (Daniel)		P3 (Jake)

		What is your understanding of AR?		It allows you to see the world in a slightly changed way (ex: glasses where you see the world with screen overlayed), different from VR which is a completely new world. AR is the world but slightly changed.		AR might have different applications [from VR], modify some aspect of something to show some different aspect of it. 		AR, compared to VR where the entire environment is virtuialized, is where reality is slight modified, where there are certain non real components on it. However, the entire thing is not a virtual environment.

		Do you think listening to music, through loudspeakers or earphones, can be considered an example of augmented reality (audio in AR)?		Listening to music through loudspeaker not necessarily, through headphones probably. Because the headphones directly inetract with you and not with other peoples reality. Perhaps AR changed when others can or cannot interact with your current reality. Where do we draw the line on what AR is (like an electric guitar, is that AR?). If we draw the line between individual vs group action, that would make for a better definition.		Yes, I personally perfer headphones in that it is more centered with the user, especially when compared to the speaker. The headphones make it feel like I am "there". The speakers are just not as personalized.		Listening to music through a loudspeaker/headphones is an example of AR, because it is just a virtual component of something you would not hear on your reality. So it is overalying what is already going on.

		According to you, what are the requirements for sound to be considered an application of audio augmenting your reality (AAYR)?		Individual is the main thing, if everyone is hearing the same thing, it is not really AR. It has to be your individual perception of the scene (whether through glasses or through headphones). 		It has to be personalized, every user has to have a different experience (it needs to be personalized).		AR could be a group of people listening to music that is playing in the store, as long as it is not something happening in the real world. Band playing in the store vs. on headphones/speaker to one or more people. Seeing an actual waterfall is not AR, but seeing a virtual one via glasses would be. It depends on if that thing is a visual/sound influence and if it is actually there or being created by some piece of technology. I would consider an electric guitar apart of the real world if it is in the same room, but if the person playing it through a speaker editing the sound that could be AR. If all the sound is from the guitar itself, that would not be AR.

		Which use cases or scenarios, do you think, will benefit users the most as an application of AAYR?		Navigation, it is distracting to look down at GPS then up at the road. It would be handy to process audio while not being distracted by a visual. Pokemon Go is kind of AR, so the audio would be AAYR, so games would be a good application.		Lets say youre going to a different physical space. When you go to a differnt place, some audio could be played. Location-based music or audio. Preferrably, music to change your mood (nostalgia), but it could be done for audio.		Teaching purposes, if you are learning how to be a surgeon (or any job), instructions could be spoken out to them, or with a GPS system to direct you to some specific place.

		Can you discuss which users in particular might benefit the most in their respective scenarios from AAYR?		There are benefits that could be found by any group, but specifically people with disabilities could benefit. Many crosswalks have audio capabilities (you can cross the street now), which would be helpful.		It would be helpful for all, but elders, adults (18-40s), and working people. If you are working in your house (especially in the lockdown sense), they could benefit a lot from creating an office-like environment. You would get sound that gives you an impression of being in an office space.		People with disabilities, especially those with visual disbailities, who need audio to help complete certain tasks. Or elderly folks who have problem seeing things or potentiall hearing problems (and can turn up the audio to help them hear things better).

		In terms of auditory displays, which is the most important aspect, with respect to human hearing, for providing information? (ego vs exo-centric display, spatialized vs non-spatialized sound, speech vs non-speech sounds, amplitude, pitch, etc)		Location is very important, especially if you have good surround sound. Article: man developong sounds that would convey direction. Capabilitries of this would be really cool (completing a maze just with music) - ego vs exocentric. That would be pretty cool.		It creates an immersive sound. Tidal? app. If you use the app it makes it seem like the audio is playing around you rather than coming from one place.		It would depend on the application, exocentric sounds good. Especially to direct someone to a location or bring attention to a location where the sound is coming from.

		What form factors (hardware, such as earphones) do you imagine being used in application of AAYR? 		Something individual, something that will allow for the enhancement of audio, but not completely overriding the audio. Perhaps noise canceling or some headphones, similar to what we have now.		Something lightweight, longterm, must not damage the ears. Something that you would wear on the head and lightweight, something that I don't notice. Primary focus should be on the audio.		Something like bone conduction headphones, such that your hearing of the environment is not impared. Or regular headphones with transparent hearing.

		Based on this discussion, how would you define AAYR?		I would do more research to make sure I have an industry-solid definition.		There's a lot that goes into it, not quite sure.		Based on what you've told us, it is a theoretical concept on audio center AR that is meant to oassist or aid in any tasks for any individual.

		As an emerging field, what future directions do you envision for AAYR? For example, vision based AR systems  have matured for application in aircrafts and vehicles as Heads Up Displays (HUDs).		The sophisticagtion of tech used in AAYR is what will mature. The capabilities of being able to pinpoint one point using egocentric AAYR, but in the future potentially display directions in a single audio clip.		Start with somple applications before getting onto advanced applications, let people get used to it. 		Assisting in education or people with disabilities or the elderly. It could be marketed to the people who need it most would be the future application of it.

		We will now show you a taxonomy that was developed after a literature review. Please share your thoughts, comments, and suggestions on ways to improve it.		All of the read definitions seem pretty good. For AAYR specifically, all of them look like reasonable definitions, so one that can account for all of them would be good. To create the most accurate definition, you would want to discern which are the most important criteria. Important phrases: overlay, use of audio to supplant real world (likes this definition), define a situation that works, use os supplant. Gamified for motor rehabilitation is a good use case. It is a very broad topic, so there is a lot that could fall under the umbrealla of AAYR, a lot that could benifit from its use.		They are all valid definitions, the definition that Caleb brought up is fantastic as well. Make sure to define what a "web based" environment could be. Simplified is good. Other points are good as well. There is nothing I would really take away, everything is within the bounds of possibility.		Nothing necessarily to be added.

		We will now show you a video demonstration of the  capabilities of  AAYR using a prototype device. Please rate your satisfaction of its performance on a scale of 1 to 7, where 1 is highly dissatisfied, and 7 is high satisfied. Next, please provide your thoughts and ways to improve the application.		A lot of image processing, a lot of AI, a lot of classification, some text id. Object/scene/text id. Text id has come a long way, especially hand written text 6/7, it read that fairly accurate oustide of some mistakes (also very useful). Shape/object id, how did it identify which object is the most userful (foreground, background) 5/7. Scene detection was alright, it got some things, strong image capabilities, a lot of quick processing 5/7.
User's experience: pretty clean, the voice use is pretty good. Advantage of not using hands, as it provides audio cues. The UI was very good in that sense. 		Pretty interesting, overall a 6/7. I think it did well in some aspects over others, like with text, which did better than I expected. This was also better than the scene id. Still needs some improvements in some aspects.
User's experience: overall good, can give it some commands whereupon it gives feedback which is good. Still some room for improvement.
Would have been nice in the video to (video on text on picture in magazine), gives priority to what? Face vs. text vs. image. Does it do the command that it is supposed to do.		5/7, need to recognize what it is and what it is capable of. It is not perfect and needs some room for improvement. Needs more intuitive immersion with the user. Design wise is not super intuitive to use. It has a lot of room for improvement.
User's experience: pretty good, I think that thge general problem was the abilityt to detect certain things and give more detail in information to the user.





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































FG2

		Question		P1 (Matthew Sweat)		P2 (Tony Lee)		P3 (Nina Lieu)

		What is your understanding of AR?		Its like taking visuals and placing them in the area around you. In VR, you completely change you outide vision, while in AR, you add things to that vision.		AR is like a popup/a more advanced version. VR is a more actual world, like a 3D version of it.		AR is similar to VR, but not the full simulation.

		Do you think listening to music, through loudspeakers or earphones, can be considered an example of augmented reality (audio in AR)?		Potentially through speakers yes, but not through headphones. It depends on where the sound is coming (like with speakers to determine where sound is coming from, localize the source). 
What is the media has spacialization? 
I think that is possible to get in ear headphones to that level, I am not sure if the technology is at that point. It is still to limited, it kind of localizes at this point (no up/down). 		I'm not sure how those examples can be translated into AR.
If you could hear it in all directions, that would be AR.		Follows on with Matthew. Headphones makes you more in the simulation, feels like you are really "in it".
Spacialization Q: Headphones aren't quite there yet, not quite as good as speakers.				Localization, add to existing environmental sounds

		According to you, what are the requirements for sound to be considered an application of audio augmenting your reality (AAYR)?		You need to be able to directionalize the sound. At a minimum, at least 5 different zones that can be chanelled to make the sound different = up/down/left/right/center.
You need to add in some elements of what is oustide around you. If you are fully replacint the audio around you, that would not be AR, because you are cutting it out and replacing it. They need to be together, simulated and real audio.		Agrees with Matthew.
Depending on what kind of music you are listening to, AR could help you experience the music better.		Agrees with Matthew.

		Which use cases or scenarios, do you think, will benefit users the most as an application of AAYR?		Hearing aids, could be helpful there, to spacialize that would be effective.
For entertainment purposes, could be great. Sit at computer and watch concert, but audio would be a bit different.		Using it in the metaverse.
When you are working on a project with a lot of noises, it could be used for singling out certain sounds.		Something with GPS, kind of already narrated, but if there was a technology to project something onto the glass in front of you (heads up display). Implement sound into this case, it would make it easier.
Add a surround sound aspect.				Hearing disability, entertainment purposes, isolation for focusing on primary task (reduction of environmental noise), audio aided GPS navigation using HUD (complement the visuals)

		Can you discuss which users in particular might benefit the most in their respective scenarios from AAYR?		Entertainment
Anyone with a hearing aid
Goes very much in hand with VR, both should have a very spacial aspect to it. VR for games, you are replacing noise, AR has same technology, but you can also hear what is arround you.		Anyone who uses entertainment, who has to use it for work.		Teenagers, because we would be the ones using it.
The older generation, would be more interactive so that they could visualize it more. Add another sense to make audio better.				Entertainment industry, teenagers, older users

		In terms of auditory displays, which is the most important aspect, with respect to human hearing, for providing information? (ego vs exo-centric display, spatialized vs non-spatialized sound, speech vs non-speech sounds, amplitude, pitch, etc)		The spacialization is the highest importace of that, without you audio being spatial, it will never feel realistic. That doesn't mean it won't be good, but it won't be realistic. 
Also being able to make a way to not make everything around you not be drowned out by what you are in.		Spazacialaztion is important. Gave AirPods example.		Spacialization and with transparency (AirPods). Hard to separate the two without balance. Not sure how one would make sure not to drown out outside voice, as you only focus on whats in your ears, headphones.				Spatialization for localization, transparency (compare elements of visual and auditory display - have similar and distinctive mapping between the elements) Example: temporal quality. fading sounds, blend with environemnt.

		What form factors (hardware, such as earphones) do you imagine being used in application of AAYR? 		Anything that you make as unnocitable/light as possible. If you are trying to create an environment around you, but still want it to feel real, you should not make something be very apparent, like big headphones. The less you feel it, the better, and more real.
Depends on use case, in house/open room, you need nothing on you, just a proper array/arrangement of speajers.
In AR, there is a difference with VR. You do start to forget what is around you, the headset is at first heavy, but you notice it less and less. I would say that because you are interacting with what is arround you, you need to ensure that everything is unnoticable. That is what let's you start to forget about it.		You have to make it very small, or possibly make something like a chip in your brain. So only you could hear certain things.		Multiple speakers, instead of one all around sound to break up everything.
If this becomes ambient noise [use of AR over time], find the timeframe of how long it takes for that to happen, so that you can have more consistency with ensuring that AR does not dissipate [in terms of its imersitivity].				Least noticeable, small. Time frame after which AR audio becomes ambient audio to ensure audio does not dissipate.

		Based on this discussion, how would you define AAYR?		Agree with Nina. That, but make it as realistic as possible. Make it to the point where you can't discnern between the speaker audio and the real audio. Make it as real as possible.
Could be really great for making simulations. Like with simulation testing. You can put it in to those kinds of simulations in making those more realistic.		We could think of that as 5d audio, for next generation uses: military, entertainment. We could not totally comprehend it now, but that could be different in the future. When you are in a tank/helicopter, use for beter communciation and awareness		Like with movies and surround sound, makes it feel more real.				Indistinguishable between digital and real source, enhancec communication channels, entertainment purposes (games, movies, music), natural voice agents, military training and simulations, increased sensation of otherwise dull activities (driving), increased situation awareness (detect sirens and alarms)

		As an emerging field, what future directions do you envision for AAYR? For example, vision based AR systems  have matured for application in aircrafts and vehicles as Heads Up Displays (HUDs).		Will open up new opporuntiy in entertainment/games. Once it is better developed, AR Games could become very popular.
It would feel like a more realistic VR. VR is great for complete submersion. AR could be just like VR, but with reality, you see yourself in it, rather than replacing VR.
People enjoy listening to their music, singling out music would make people happier and safer. Can get rid of wind, drown out with music, but overlay important noise.		A more developed version of Siri. With simulation and driving, personal secretary.
AR audio could maybe amplify certain noises and deamplify others.		A better version of the windshield thing, but for navigation. Also with music, play honks, outside noise on top of the music so that you could better navigate, be aware of surroundings.
Really helpful for military training, make it more realistic to ensure that people have more pressure to perform. Easier to notice things.
Could be helpful for driving. Driving feels like VR, because you are sitting in a spot going fast. With the oustide noise, you have pressure to react faster, so that you aren't just focusing on music. Make a trasnparency for other noises, like Ambulances.

		We will now show you a taxonomy that was developed after a literature review. Please share your thoughts, comments, and suggestions on ways to improve it.		Definition in E7, needs a little bit more elaboration, but that is the closest to how I feel it should be descfribed, because it specified how you are altering your perception of it. Many defs don't specify that you can still hear around you. You need to specify that you are not just replacing what is around you, but you are amplifying it or adding to it. Otherwise, it would just be audio or VR.
K8 does not make so much sense, because a lot of athletes are almost pupsoefully drowning out audio to focus on vision. By adding audio, you could break that. In the majority of sports you don't have anything blocking your hearing. This could only be needed for subtle things, like adding a microphone between people. There is nothing impeding the audio, they are just purposefully tuning it out.		E12 pretty accurate, E2 pretty interesting. Make a sound of a virtual sound.
It would be cheating for most spots, if you enhance audio. It would be viable if very small [hearing machine].		Bone conduction question. Having headphones on feels constarined, but if you had your ear open it would feel a lot more real.
The only sport that could use audio is shooting/hunting.				Athletes like rowers, cyclists, swimmers, aerobics, rehabilitation, provide feedback based on their actions to provide rhythm, sonification of their motion - training purposes. 

		We will now show you a video demonstration of the  capabilities of  AAYR using a prototype device. Please rate your satisfaction of its performance on a scale of 1 to 7, where 1 is highly dissatisfied, and 7 is high satisfied. Next, please provide your thoughts and ways to improve the application.		Pretty widely depends on its use case, is definetaly impressive on what it picked up, and was relatively accurate. If you are trying to impletement that into daily life, it has a long way to go, because the loading times will drive people insane. It needs to be quicker.more instantaneous. Needs to improve for everyday use. I would say that it is working in the right direction,.		Seemed pretty accurate, like with face recognition. Could be better, because object detection wasn't perfect. 5/7
It is in the right direction, if it could read your mind that would be great, so you don't have to give commands, like Iron Man. Can think for itself and tell you what you need to know.		Actually pretty good, faily accurate in picking up text, like with Apples convert to text, samething with Google Translate. Object detection was pretty accurate, I was satisfied. 5/7
Going in right direction, needs to be faster.				use score's mean, sd, median. keyword frequency. use specific number when reporting results in paper.





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































FG3

		Question		P1 (Mohannad Ismail)		P2 (Jayesh Pandey)		P3 (Manhua Wang)		P4 (Jing Zang)		P5 (Haritha Gnanasegar)		P6 (Sahana Basapathi Srinivas)		P7 (Xiang Pan)

		What is your understanding of AR?		AR is there for some sort of likage between the phisical and virtual world. Having some kidn of reaction that is virtual in soms ense but is interactivce in a physical sense.		The name suggests that you are adding to the existing reality and trying to create different experiences. For example, like Pokemon Go would count as AR. This could be done either with software or hardware implementations/.		For me, AR is something that is virtual but laid on reality. For example, something with a display could br AR, and some games as well. There are also some cases, where someone created video games in their own house, where they play though some glasses.		AR is combins virtual things with reality, like with the heads up display in a car, which has a live map. The screen has a camera that shows a live map in front of you to make directions easier.		AR is something between a reality and a VR, because you are in your real world, but the headset overlays a virtual screen for you to interact with. You are in a sense transported to a virtual world in real life.		AR is when you are trying to augmented reality or overlay reality with images or something to change that reality.		AR is using technical method to combine some special method to the reality in order to help people see and hear differently.				Linkage between physical and virtual world that in interactive, adding/overlaying to existing reality

		Do you think listening to music, through loudspeakers or earphones, can be considered an example of augmented reality (audio in AR)?		Im not sure, I would say that more AR involves some sort of interaction with something connected between the virtual and physical. So music listening would not be the first thing that comes to my mind./		I would say that tehcnicially it is a format of AR, a good example would be the virtual haircut sound, such that you can feel the experience of what a sciessor/barbor is around you. This could count as an AR format. It fepends on whos experiencing it/.		It depends, to some degree if there is a virtual aspect added to that I would count that as AR. And for music, if it could have some localization or left sound channel, that would also count. If it is just plain music, then probably not.		Considering the AR term, audio AR would be asong that relates virtual sound with real world sounds (outside). As far as I know, the environmental frejdnly vehicle is mostly powered by electricity, and when it starts the engine does not have much sound, this has a tradeoff. Without sound can feel differently to the driver than with the sound, so in the future we could emmulate this sound in order to have opeople feel a feeling of starting the engine/car. This seems like audio AR to me.		By augmenting audio on surrounding noises you would be doing AR, like with Noise cancellling, that would be some sort of audio, as it takes out white noise and consistent noise. Standard headphones, maybe not.		Jusyt listening to music is probably not AR, you would need some sort of blend in the reality for it to be considered AR.		It would count as AR, because these daus the headsets develop very quickly and there are  alot of improvements based upon the number of channels. The focus is to make the sound real, so the main focus would be trying to recover the effect that they want to achieve in the best way, to make people feel like they are in the actual environment. As if you were in an actual concert, etc. Currently the technology has a lot of disadvantages and a lot will need to be improved.				No - 3; Maybe - 2; Yes - 2. Simply listening to music through traditional two channel output is not AAR. However, if there was some form of interaction possible using the real world, or if the sound was spatialized effectively allowing for enhanced immersion it could be considered AAR.

		Do you think Audio AR can be a shared experience? Or can it only be considered an individual experience?		Definately, like with 2 players plaing a game. Tow people are sharing the same AR medium and would be sharing the expeirence.		It can be shared, like if you were talking to some kind of voice assistant. So mylitple people could talk to it at the same time to solve some tasl.		It can be, but it depends on the tasks. If they have somegthing interactive that they can share among two or more people that also involves sound, that could be a shared epxerience, but if it is something that someone want sto enjoy themsleves, it could be single. It is possible to make a shared experience, like with dancing together or playing some games together or just in sharing some audio.		Most AR does not have heads up equipment, so it would be shared. It can be private with the single headphones, but without it coul be sahred.		I do not thing so, because I agree with Jing. Considerfing that Audio AR is personal, like with headphones, it can't be shared/.		This technology can be seen as indivudual and shared experience, like with gaming.		They can be shared. Some example would be like giving a alecture to a group of stduents with an evolved form of AR. Like you are trying to duplicate a single environemnt to multiple individuals. They are recieveing teh same information at the same time				No - 1; Maybe - 3; Yes - 3. It can be shared if people are receiving the same information, but it will depend on the individual's task. Could also depend on the form factor used to provide AAR, if it is strictly personal devices, it might not be a shared experience.

		According to you, what are the requirements for sound to be considered an application of audio augmenting your reality (AAYR)?		The requirements for AAR are the same for any type of AR, it needs to have some kind of interaction with the real world and virtual world. Although this will contain a lot of visual components, audio components can further augment this experience.		Hardware requirements are a must, you need those components to bring those features to reality, or to AR. They could exist without virtual effects, so you could use audio effects instead, but the hardware components are a must.		Based on the definiton of AR, there needs to be something both virtual and in our real life, plus with audio. I personally would love to have a visual type thing if there was that audio capability. But it also depends on the person who can experience something that is not only visual. Needs to have virtual component and reality aspect. Different types/aspects of sound can appear in both section, like with vibration which could also be emulated.		First AR has to contain reality in someway, and the augmented audio part means it has some relation to the real world but is virtual. You can combine these in differfent ways.		You have an understanding of the surrounding and you aigment it with something. So you must be able to hear what is arround you, and the tone that you pick up could be the augmented one that is being overalyed by the system. The augmentation is what you hear mostly.		The audio is not AR on its own. SO it depends on the context or space. I would like to have a sensation. Are they enhancing my reality just with the audio.		Good hardware. To make people believe what they see is real, you need good tech.				Interaction between virtual and physical, hardware capabilities, virtual sound is the primary sound and real sounds are part of the soundscape, context driven.

		Which use cases or scenarios, do you think, will benefit users the most as an application of AAYR?		Retelling a story or some part of history and having that AR and audio part come in. Like with a battle, with its visual and audio components. That would give a fully immersive experience.		The voice notes in the zoo, that would enhance your excpeirence of reality by helping you learn more. The audio aid to the visual component will help.		It would be great if I was walking in some great place (like the aquatic center./aquarium), and you can hear something from headsets/bone conduction headphones that tell me a lot about these creatures or mimics their sound, that would augment my experience.		Contents like with cars. If the mysic can contain something wit hthe outside, so people listening to the music can still understand what is going on outside, but will also give feedback to the driver as they drive.		Movie theaters. When you are watching a movie, audio AR could be good.
Online meetings with Zoom to make you feel like you are actually there.		Music industry, people who can come up with creative stuiff in the music spacve.
The classroom environment to make it more interactive. To make more creative		Videogames and the metaverse would involve AR. Social activities like presentations too.				Recreational acitivies such as going to a museum, aquarium, zoos/safaris, spatilaized audio in movie theaters, Zoom meetings, music production, VR applications; adding additional environmental sounds to improve SA. 

		Can you discuss which users in particular might benefit the most in their respective scenarios from AAYR?		People with disabilities would have the most abenefit with this. Integrate AAR with critical applications can help them become more independent.
Also fir those looking for unique entertaiment.		People with disabilities related to audio may get the most benefit. Build a layout for them of getting through some parts of an area or city, and you could coordinate wth public tranpsport. Voice assistant could help here.		Those who have visual impairment, temporarily or permanently. Those with those disabiolities or people whose visual capabilities are occupied by other tasks can enhacne their curfrent epxerience with AAR.		For those doing visual tasks, because they visual tunnel could be closed, but their audio tunnel is open. So AAR could help with those tasks.		Visual impared folks, so that they have an additional layer of sensory to navitage around something.
A lot of Youtube content creators could use it to make their videos more attaractive/appealing to viewers.		The youth, and the people who are young. Those who listen to muisc or watch movies and could get into this technology. IT could benefit most other age groups as well.		People who have disavilities in the eyes, AAR could help them learn something trhough sound.				Visual (x4), auditory (x2) impaired individuals, youth (x1). Visually intensive tasks.

		In terms of auditory displays, which is the most important aspect, with respect to human hearing, for providing information? (ego vs exo-centric display, spatialized vs non-spatialized sound, speech vs non-speech sounds, amplitude, pitch, etc)		The direction, being able to tell if its from the left or right, front or back. The intensity of the sound itself and the cues and timing of them are all very important factors that contirbute to the expeirence itself.		It should not be something visisble or somethin that you should put on. It should be apart of the environment. Should it comes outside, or from within your head? It depends upon the task, like entertainment coulud be outside the mind, but audsiobook could be inside the head		The intensity can be one. As you get clsoe to something ytou can inraese intensity. Or could use intensity to carry some information, some level of importance.		The interface between people and the audio shoud not be that visible. It should be more immersive, for examnple if you wear something like a headset, taht wouldn't be so immersive.		Intensity is important, like with how close you get to something, that is important. Direction is also good.		Space and direction are important, You could make it more sensetivie to the movements of the head, like with Airpods, etyc.		Eliminate the feeling that the device will bring to the user. When I head you with my headset, for example. It would be great if I could put nothing on and recieve the information directly from the environment.				Spatialization (x2), intensity (x2) and temporal variation, environmental preferrably with seamless interaction,  minimal hardware (x3)

		What form factors (hardware, such as earphones) do you imagine being used in application of AAYR? 		Portability is very important. I;ve used hololens and many other AR systems which are very bulky and not portable. They should also have enogh good hardware communcation so that they are lag free. Not being annoying to the user using them is good, like with earphines and headphones, which should not be intrusive or uncomfortabe.		The hardware which we have right now could improve a lot, they are quite bulky for example. They are also not as powerful as they can be, like with processing. And those that are are very expensive. Also battery life is important if you are going to integrade Audio AR into our real life. Need a long battery life.		I wear glases so a lot of headset would hurt. I prefer something that can attach to my glasses or will be nonintrusive. It should not be too uncomfortable, which may redue or damage my experience.		I agree with Manhua about the glasses. It would be great if you could listen to music wearing your glasses, such that it would not be too intrusive, and using a phone to conduct/connnect would be good.		If you will be doing over the ear headphones, they need to fit your head, because they can hurt your head. I prefer in ear headphones. If they are wireless, batteires and portability is imporytant, it needs to be used not just at home.		Being ligt and being able to be used across various devices is important and it should be comfortable to be used over long periods of time.		Like with homecinemas, that provide... (I missed this one I think)				seamless interaction, unnoticeable hardware, unnoticeable latency issues, improved battery life, combine with existing hardware such as glasses.

		Based on this discussion, how would you define AAYR?		Based on what I have seen, it is not meant to be a stand alone exiernce, but should enhance the total visual experience of it as well. But its meant to add a lot of newer functionalities that makes practical jobs and even enteryianments more feasable and easy to access in a sense.		I would agree with Manhua, as it can optimize a solution that already exists, especially for visually disabled persons. With the help of this, this device could use cues like vibrations to help people.		AAYR is more like using the audio to either assist or enhance your expeirence of real life. A large difference of it from the traditional AR is that it not only enhances enteritainment, btu qalso in completing something.		At the begginig I was only thinking about how it can give people information, but with what you have showed us there is a lot of room for interaction with people, which should be considered.				When I think of AR now, i think of mostly an immersive environment that can be as immersive as possible. I think that we can do that with current tech and sensors.		I agree with Mohannad, I believe that the application that we saw is with the visual AR as well. Currently audio AR has a very large room for improvement, especiallyin the performance and human use part. The application fo Audio AR is currently underrated and there are large potential for it.				used with visual AR, make primary task easier, assist/enhhance experiences, social interaction.

		As an emerging field, what future directions do you envision for AAYR? For example, vision based AR systems  have matured for application in aircrafts and vehicles as Heads Up Displays (HUDs).

		We will now show you a taxonomy that was developed after a literature review. Please share your thoughts, comments, and suggestions on ways to improve it.		The taxonomy outlines several factors which we have already discussed, and some are new, like with bleinging: combinig virtual and real sounds. You may have to make sure they dont interefere here. Surgical devies would also be very interesting but also ptentially contraversial withtheir intrusiveness. I like the idea of using it for workers working in dark environments.				I think that this taxonomy is very comprehensive so far, and I saw a lot of AAYR aspects and different aspects of definitions, environments, and a lot of stuff that can AAYR can apply to. I like how you outlined audio and AR differently. There is a lot in the audio taxonomy that interested me, like the keynote sounds, that is very comprehensive.
I'm thinknig about how some of the users may be limited in some ways, like you should link users to the form factors, which form factor most benefits a certain user, or group of users. Like with workers in dimly lit environments, some devices are more useful than others. You can maybe link the user with a form factor that can benefit them the most. Some users might like only benefit from one or two form factors.		I focus on the aspects on those users who would benefit from AAYR. I used to run at night on the road and would use headsets and noise cancelling headphiones, which are dangerous in that case. Maybe we can link users needs with the sounds that they need such that it will improve their ability to do certain things.		I like this, because it kind of gives me an overaly of what are the different use cases/form factors present. I do like the sonification of real world environments. Adding things like these is very interesting. Blending was a new concept to me, as I though of audio AR as overlaying audio and information.		I think you could take a use case and users and give a whole scenario so that we can relate to it better, instead of breaking it down into individual cases.		This taxonomy is very comprehensive, I see a lot of points have already been discussed and covered in our combersation. It is good to have recovered some points from here. This kind of AR tech can be applied by medical tech, this can be really interesting, and have me some new ideas, and could chang ethe medical experience.				virtual and real sounds should not interfere. link users to form factors and rank them, provide scenario/context/use case

		We will now show you a video demonstration of the  capabilities of  AAYR using a prototype device. Please rate your satisfaction of its performance on a scale of 1 to 7, where 1 is highly dissatisfied, and 7 is high satisfied. Next, please provide your thoughts and ways to improve the application.		It already provides certain surfaces that have much better mechainsms that are providing for it already, like with text recognition. The sound was quite distracting, and not that good in terms of its practicablity, I would not want to hear that all the time. The interfact should be improved also as it does look a bit prototypey. The scene identifier is good, and if refined could be fantastic. 6/7.		It could be a great tool for visually impaired people, and the processing was pretty fast,so that is a plus point,. Though the bird chirping sound was quite irritating. The device is almost like earphones which can be plugged in, which is nice and looks pretty lightweight, so that is a good point. I give it a 6/7. Though it could be imrpoved, as a prototype it is good.		The computer vision of the software seems pretty advanced and can do a lot of things. In terms of its feedback, its good that the user knows that the system is processing, but it is a bit high pitched, which can be uncomfortable. As for the text recognition part, if it has more breaks between sentences that would be great, because it currently connects everything together. With scene recognition, irt would be nice to have some keynote sounds that will help in listing of the objects or scenes detected. This is a 5.		I would agree, it did sound a bit annoying. The captrure sound and analyzing sound is different, but it should lower the pitch. There should also be a priveate and shared mode. A shared mode would have a lower grade, but a private version would have a higher grade, so a 5.		So for this one, the consensus is the sound is annoying. The fact that it is a beta, its pretty good, though if I were using it everyday it needs some tuning and refinement. There was some slight lag that I would like refine a little bit more. It should also be private for you, I would give it a 6/7.		The UI could be better and the gestures/the bird sound was wierd. For those visually impaired persons, if there was a better way to improve how they interact with the system that would be good. I am not totally sure how a visually impaired person would use it, but everything else was quite good.		I agree with Manhua that the high pithched noise is a bit annpoying. I also noticed that when the app is applyedto the  environments with a lot of different subjects, the feedback can be kind of bad, and the feedback can't give too many details in this detection. This can be more improved.

				imohannad@vt.edu		jayeshvp@vt.edu		manhua@vt.edu		jingzang@vt.edu		Aghari19@vt.edu		sahanabs@vt.edu		xiangp@vt.edu



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































FG4

		Question		P1 (Muskan Gupta)		P2 (Caitlyn Sanford)		P3 (Jonah Lee)		P4 (Luke Hylton)		P5 (Morva Saaty)		P6 (Matthew)

		What is your understanding of AR?		Its computer generated, virtual immersive experiences in real life. Like you can see that or hear that in real life.		Instead of seeing what you can see with the naked eye, you are adding a layer to the real world so that you can see more with the added technology.		It shows a component from the virtual world in the real world, layered over, like a camera.		Putting a virtual layer and virtual components over the real world		AR is layering over what we can see or listen in the real world.		Bringing virtual things into the real world by virtually stimulating senses. The idea of bringing in visual inputs or audio inputs into our world, like Pokemon sitting somewhere. It has sounds and you can see something on your phone. If we find a way to stick you in a suit and make you feel something, that should be also counted as AR, even if the technology is not there yet.				Layering virtual content over the real world to perceive more information than what is present in reality. Perceiving anything that does not exist can be considered AR.

		Do you think listening to music, through loudspeakers or earphones, can be considered an example of augmented reality (audio in AR)?		Im not sure if music is AR, but if it is someting like, supose a live concert which you are listening to, and it gives you the feeling of being there while not actually being there, that would be mroe so simulating reality through audio. That also makes me wonder if talking through someone as we are doing right now is AR, at least in terms of sound. How do you define audio that is augmented and what is not?		I agree with Luke and Muskan, they should be combined rather than being a part. With live music, if I feel like I am there, that would be AR.		It is, because if you go by the definition it adds a layer to the real world, then you can still hear the outside real world with the added layer of new sound.		I would not normally consider music to be AR, as it is more of a visual stimulus, but if they were together (like with Pokemon Go), maybe that would be AR.		Yes I think it could be, because when you are listening to music and the sounds of the music are not happening in the real world, but you can still hear it, that would make it audio of AR.		It would only count if the headphones or something that other people can't hear, something that is only designed for you. The case of any recorded noise being played throgh music, compared to a person plahying the piano or screaming would be no different. It would have to be something that is only heard by the personal user and it may have to do with how the audio is being used. There should be a bit more nuance between how it is being used and what people are able to hear it in a certain given area.				No - 2; Yes - 2; Maybe -2. Yes, if only a single person can perceive the music coming from headphones or similar device, a live concert is not AAR because everyone can perceive real sound, and also because it is adding a layer of auditory information on top of the existing environmental sounds. Context driven.

		Do you think Audio AR can be a shared experience? Or can it only be considered an individual experience?		It can be a shared experience, but I don't know how. With visual experiences you can see other people doing things, but you can't hear them doing that sound. How do you make sure that you both are listening to the same sound while being in different places. With audio, that could be a little tricky to make sure that the other person is paying attention and listening to it/		I do not think so, because even if two people are in the same AR, they may not feel the exact same thing.
Even if we are just talking about things with our naked eye, we all perceive things differently, so your reality differs across the individual person and how much they enjoy it or what they see.		It could be a shared experience, like with Pokemon Go, where you can share you phone and you can both experience the same thing and sharing the experience.		Audio can be a shared experience, if multiple people could hear it at the same time. Then you can share the experience with many people.		I think it could be a shared experience, for example if my friends and I could listen to music simultaneously, that could work. Like if we all play the music together while all being in different locations, with a shared AR it would be great		Yes, auditoy AR can be a thing. I think it has a lot to do with how you use the AR. I think the difference between using audio technology vs. AR would be the intention behind said auditory inputs. If it is simply to make a sound unreated to modifying reality, like a sea shanty playing in a bar or jaunty music when riding a horse, like in a videogame. That may need GPS tracking.				No - 2; Yes - 3; Maybe - 1. Yes, if individuals in geographically different places can listen to the same auditory information. No, because even the same auditory information may not provide the same effects on two individuals. Context driven, depending on the individuals' goals can be shared AAR.

		According to you, what are the requirements for sound to be considered an application of audio augmenting your reality (AAYR)?		One aspect could be the sound making you all feel like you are together, or having that feeling of being somewhere else or being with a group of people.		I am often distracted by my visals, but if you block your vision just to deal with the audio so that you can make your own vision, that could be AR./		You want to be immersed, but for it to be AR, you have to still be able to experience the real world. This is different to simply just having a different reality.		If it has an immersion experience, that could be AR. Or if it has a visual expeirence along with it, so that it is visual and audio, that could add to the experience.		I also think that one of the main charactersistics of AR/VR is the immersion. If the audio is immersive in an environment where you can't hear other sounds, like with noise cancelling headphones, that would be great.		The differenfec betweemn VR and AR is that the Pokemon includes interaction with real world as they appear on the ground or in the "sky", vs. strapping on a headset and it is floating nevulously in a spot. If you use noise cancelling or tech like that which is used to immerse yourself in a different world, that would be transporting youself to an entirely different reality, albeit rooted on Earth rather than a fantasy world. AR needs to cooperate with real reality to enhance your experience by either having some sort of helpful thing or something stupid and silly. It would have to cooperate with the real world.				Provide sense of belonging/collectivism, audio overlap visual informationt to improve focus, immersion equal to visual AR, omit noise form environment, interaction + immersion within real world.

		Which use cases or scenarios, do you think, will benefit users the most as an application of AAYR?		As we all are working virtually, if we could hear each other or hear office sounds, or have a feeling of being together, that could be great. It could be like ambient sounds, it needs not be a headset. It may help in increasing productivity, like working in the virtual world.
Augmented audio could also be used with visual things around you. Say that you were in a museum or a historical building, it could give out some sounds to mimic the era, to feel more like you are in that zone or environment.		With music, you could create live like concerts.		Calming music to make you more productive could be great. What you listen to can change your mood and enhance how your work/what you do. So if you are working from home but you like the random office noises, if you can hear those sounds, it would immerse yourself in it, but you could stay in the real world.		Business meetings or meetings where you could have that different experience
Video games; music concerts
Military or police training could be great for use with AR.		When you want to do meditation, AR audio could enhance your experience and focus on different sounds.
Video games for sure, AR would help you immerse into the game and focus on playing.
Listening to music in a different way, like with immersive feeling of being in a concert.		Hearing aids are already some form of AR, as they increase sound. A slight modificiation would be to dampen out irrelevant noises and boost useful noises, like in a cafe, you could cut out all other people and only focus on who you are talking out. Also if a car was running towards you, the audio could kick in to warn you to get out of the way. Also, alarms could be some sort of AR, like with voice assistants where you can ask things. If you could also see these things that would be AR.
Videogames also, that would be great for the industry.				Adding keynote sounds to enhance our real soundscapes (office sounds when working from home, meditation), museum tours, virtual live concerts, video game experiences, affect modification, military+police+fire fighter training, mask or omit noise from environment, voice assistants.

		Can you discuss which users in particular might benefit the most in their respective scenarios from AAYR?		It could be useful for people who are visually impaired to be part of the whole AR experience. 		It would be helpful in education, so from the age of 5 uptil when you graduate from college. Connected to history example in prev. question.		People trying to start a new job, the job training could be done through AR, like with training to work in a factory. This could get them immersed into the factory and understandnig what it is like in that environment.
Poolice also, who can learn/practice or get them trained to their job.		It could help college students learn a lot as they learn tech fast.
It could help those visually impaired as well.		Young adults, because they tend to learn new technoogis and softwares quickly. College and grad students could use this greatly. 15-35 age range.		Those with slight hearing impaired, to help them boost sounds to expereicen the world more.
All other ideas covered.				Visually impaired (x2), education programs, factory worker trainees, military+police+fire fighters, young adults (15-35 years), hearing impaired (x1) 

		In terms of auditory displays, which is the most important aspect, with respect to human hearing, for providing information? (ego vs exo-centric display, spatialized vs non-spatialized sound, speech vs non-speech sounds, amplitude, pitch, etc)		I agree with making the sound 3D. The main thing I can think of is not just thinking of distance in 2d, but in 3d, so that the sound can come from anywhere, not just a linear distance. It could be like a sphere, and it could come from anywhere. The user should get a feeling that it is not just coming from the room.
It should be as close to sounding like real life as possible, not just sounding like it comes from a device.		To create an audio reality, you have to mimic normal everyday life. And having it inside your ears makes people associate it with headphones, which mimics everyday life.		It depends on what you are doing. For music it does not matter where it is coming from, all around you or one direction. But if you want to be immersed in a game of triainig couse, you wouldneed that 360 sound. You also would need a distance effect to for the sounds.		It would have to be that spacialized sound, so that you can make people feel that they are immersed. Adding that 3D experience can also help people visualize that sound better.		I also think it depends on the technology and the condition that you want to use it for.
Like in the gaming industry, 3D audio would be great, so that you can listen to the person that is shooting to determine where it is coming from.
For listening to music, you do not need 3D AR audio, I just need to be immersied		It depends on what you are going for. If you are going for say Pokemon Go but for an auditory experience, than then audio has to sound like its coming from whereever the creature is or where the sound should be coming from. If you are going for more of an overlay, like the visual things poping puo (notifications opoing up in glasses), it would be acceptable to be how it is now - in your head. 				Spatialization/3D virtual audio appearing to come from a real source. Immersion can vary with context.

		What form factors (hardware, such as earphones) do you imagine being used in application of AAYR? 		I agree with all the points, I do not have anything to add here.		Little drones flying around playing sounds. I think it could be a shared experience then with this type of technology, but their experiences could still differ.		Speakers could create an AR kind of sound, and would help you immerse yourself into the world around you. They could also work like pretending that you are in a specifc place, like in a jungle.		I agree with Jonah, especially with organizing the speakers to implement AR audio. A headset with speakers in the ears for audio capabilities would be great too. Or you could just add it to existing tech.		Headphones can have AR audio. If the headphines have a button to change whether you are listening to something with AR audio vs. normal, that would be a great feature to existing applications.		It can look like anything depending upon what you are doing. If you have holograms like with the Harry Potter World, you can have certain concerts where you are taking something from the virtual world and are putting it onto to the real world. You could have also something like a speaker strapped to your back to play some kinds of music depending on what you are doing.				Drones flying overhead and providing auditory information through loudspeakers, traditional speakers in the real world, headphones with AAR acitvation button. Context driven.

		Based on this discussion, how would you define AAYR?		Audio AR is something that will immerse your senses or augment your senses based on audio and help define what is infront of us or add to the audio that is currently there. It could augment/enhance our senses/sounds.		Audio AR is something that can enhance your reality and not fully change it.		It is audio that enhances you physical environment without fully seperating you from reality.		I woud say that maybe adding audio elements from a compiter generated software that could add to the real world environment, but not take away from it.		This is audio that augments the experience that you are now experiencing. It could be somehow enhancing what you are experiencing in different senses.		It is audio created by a machine to enhance you reality, whether it be adidng something from a virtual world or becoming one of your other senses, like vision.				immersion + define reality better for user, not fully change it,  not take away from it, 

		As an emerging field, what future directions do you envision for AAYR? For example, vision based AR systems  have matured for application in aircrafts and vehicles as Heads Up Displays (HUDs).

		We will now show you a taxonomy that was developed after a literature review. Please share your thoughts, comments, and suggestions on ways to improve it.		I was looking at the karaoke, so would that be like auto tune? That is sort of building upon your original audio and adding a layer on top of that.		It is great how it can track your orientation to specifically place the sound, as this could be great in a video game, like when you turn around in this kind of a virtual space. Trying to figure out how t best place sounds is iomportant.		With the athelets as users, they could benefit from this a lot. During track practice we would be able to listen to music, as that could get you hyped up, but you can't do this at a competition, like with cross country. They could definetely benefit from it in these cases		Somethuing you can add to users and use cases is teaching, espeicially with online learning. One oif the definitions is doubled, 		You can add the challenges of using it and the benefits that the users could get from each use case. How could the AR change how the users interact		The organization is a bit tricky, is everythying linked across? It was a bit odd going across it as if everything in a row was connected. I would explain that somewhere, to help people understand.				autotune - changing real sound source by modifying it so a new layer is added; teaching/education use case, challenges and benefits for each use case, interaction tehcniques, make connections between different aspects of AAR

		We will now show you a video demonstration of the  capabilities of  AAYR using a prototype device. Please rate your satisfaction of its performance on a scale of 1 to 7, where 1 is highly dissatisfied, and 7 is high satisfied. Next, please provide your thoughts and ways to improve the application.		I think that it will be very useful for someone who is visually impaired and may need some help to figure out their environment. Especially in wanting to see something like what a book may be about. I was assuming that this application will depend something based upon what a sound is, before I saw the video. The colors may be useful for someone who is color blind, like with traffic lights, and which is on. 6/7.		I thought that the tech was interesting, though it was not perfect, like when it was detecting images, like on the railroad tracks. That could be improved, but it is in its early stages. This could be great for people who need something to be read out to them. Some of this may not be tremendously helpful to many people though. I would give it a 4.5/7		I was a little confused on what was going on. 
Then yeah I did enjoy it, there were definitaly some mistakes made, it did recoginze a lot though, so that was impressive. 5 or 6/7		I thought its use cases were practical for certain groups of the population, but it may not be tremensdously helpful to everybody. It was fairly practical though. 5/7		I liked how it works, but the noise is not great, as it is unrelated to what is happening after that. Overally it is good, I would give it a 5/7.		I would say that it is very impressive for what it can do at the moment, though there is room for improvement. Given the uses for it right now, I think that it is a useful tool, the naming of colors may not be useful though. 6/7, because there is likely more you could add to it.
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Combined Data

		Questions		EI1		EI2		EI3		EI4		EI5		EI6		FG2		FG3		FG4

		What is your understanding of AR?		Overlay		Convey novel digital information. Shared experience - yes.		Visual interaction, registration, and perception of virual information in the physical space. Can be multimodal.		Digital data to understand the physical world by adding to it.		Transparency, overlay new digital or audio components integrated with reality		Enhance experience/perception of real physical space				Linkage between physical and virtual world that in interactive, adding/overlaying to existing reality		Layering virtual content over the real world to perceive more information than what is present in reality. Perceiving anything that does not exist can be considered AR.

		Do you think listening to music, through loudspeakers or earphones, can be considered an example of augmented reality (audio in AR)?		Confidently Yes		If only digital sounds and no real sounds, that is auditory VR.If real sounds audible, yes it is AAR. 		adaptation dependent may be perceiving virtual sounds as real sounds, then it is no longer AR. Hence, AR definition dependent. Have to define reality to understand what the augmentation is. Listening to music is AR? No		How music augments reality. If audio not related to reality - not related to user's immediate surroundings or user's task - not AAR. No leaning. Sonification that interpret the real world can be AR - helps understand environmnet.		Story telling aspects qualify to be AAR - sound induced experiences. Context driven YES.  Immersion can vary.		Context driven. If music actively helps in performing a primary task, YES. Electric guitar sound in person is not AAR - not augmenting anything.		Localization, add to existing environmental sounds		No - 3; Maybe - 2; Yes - 2. Simply listening to music through traditional two channel output is not AAR. However, if there was some form of interaction possible using the real world, or if the sound was spatialized effectively allowing for enhanced immersion it could be considered AAR.		No - 2; Yes - 2; Maybe -2. Yes, if only a single person can perceive the music coming from headphones or similar device, a live concert is not AAR because everyone can perceive real sound, and also because it is adding a layer of auditory information on top of the existing environmental sounds. Context driven.		YES: 8; NO: 7; MAYBE: 4		Audio should supplement, not completely block outside audio. 

		According to you, what are the requirements for sound to be considered an application of audio augmenting your reality (AAYR)?				Any digital audio is AAR - but real sounds have to be audible.		Registration and interaction with physical world. Context dependent. User goal or task dependent. 				Spatialization to denote location of source. Navigation purposes. Stream segregation to distinguish sounds over natural environment. Unobtrusive.		Unique layered display of auditory information that adds to what is already there. Has to be meaninfully enhanced. 				No - 1; Maybe - 3; Yes - 3. It can be shared if people are receiving the same information, but it will depend on the individual's task. Could also depend on the form factor used to provide AAR, if it is strictly personal devices, it might not be a shared experience.		No - 2; Yes - 3; Maybe - 1. Yes, if individuals in geographically different places can listen to the same auditory information. No, because even the same auditory information may not provide the same effects on two individuals. Context driven, depending on the individuals' goals can be shared AAR.				Transform real sounds (noise) to something pleasant (signal). In between augmenting and diminishing reality. 

		Which use cases or scenarios, do you think, will benefit users the most as an application of AAYR?		Haptic feedback can be consdiered AAR. Lower than 20 Hz can be felt, but not heard. Dependent on user task.		AR can use all senses. Audio can fill gaps due to sensory inconsistencies.		Visually impaired individuals, use audio to extend their percepetions. Multimodal AR for training purposes, embodiment of virtual information.		Visually impaired. Visually distracted (driving) - multiple resource theory. Sonify physical elements such as friction coefficient into audio to understand environemnt better- AAR.		Navigation, search operations, entertainment - games, militray training purposes, over ears for finding things.		Assistive technology - navigation, rehabilitation. Education - enhance remote learning, shared classrooms. Entertainment - music, games, movies.		Hearing disability, entertainment purposes, isolation for focusing on primary task (reduction of environmental noise), audio aided GPS navigation using HUD (complement the visuals)		Interaction between virtual and physical, hardware capabilities, virtual sound is the primary sound and real sounds are part of the soundscape, context driven.		Provide sense of belonging/collectivism, audio overlap visual informationt to improve focus, immersion equal to visual AR, omit noise from environment, interaction + immersion within real world.

		Can you discuss which users in particular might benefit the most in their respective scenarios from AAYR?		Could be everyone, even deaf persons.		Those with hearing loss won't benefit from AAR. Present information when necessary. Temporally scalable use cases.		Those with limited vision or other modalities. Aural AR concerts in a physical space. Entertainment use cases for users in everyday life. Everyone can benefit to an extent depending on context or use case.		Users whos visual channel is occupied. Context driven - constraints of visual perception. Better perception of quantity through sonification than visualization.		Viusally intensive tasks benefit from auditory channel, offload certain workload. All entertainment purposes. Visually impaired, search operations.		Age based users. Experience based users. Controlled exposures to avoid becoming overwhelming.		Entertainment industry, teenagers, older users		Recreational acitivies such as going to a museum, aquarium, zoos/safaris, spatilaized audio in movie theaters, Zoom meetings, music production, VR applications; adding additional environmental sounds to improve SA. 		Adding keynote sounds to enhance our real soundscapes (office sounds when working from home, meditation), museum tours, virtual live concerts, video game experiences, affect modification, military+police+fire fighter training, mask or omit noise from environment, voice assistants.

		In terms of auditory displays, which is the most important aspect, with respect to human hearing, for providing information? (ego vs exo-centric display, spatialized vs non-spatialized sound, speech vs non-speech sounds, amplitude, pitch, etc)		Demographic dependent. Personal choices.		Same principles of audio displays apply to AAR.		Scenario or context dependent. User need dependent.		Audio spatialization through head tracking and head related transfer functions. Place audio source anywhere aside from left and right of user (stereo sound)		Representativeness of auditory cues to minimize mental workload, latency issues for immersion, reduce any nausea. Work in tandem with natural environment and people. Spatialization to easily distinguish sounds.		Convincing spatial display and interaction. Increased immersion.  Depends on the needs of the experience. Acceptable enough HRTFs and room acoustics so user do not immediately reject the image. Virtual space and real space should not completely contradict each other - unsolved.		Spatialization for localization, transparency (compare elements of visual and auditory display - have similar and distinctive mapping between the elements) Example: temporal quality. fading sounds, blend with environemnt.		Visual (x4), auditory (x2) impaired individuals, youth (x1). Visually intensive tasks.		Visually impaired (x2), education programs, factory worker trainees, military+police+fire fighters, young adults (15-35 years), hearing impaired (x1) 

		What form factors (hardware, such as earphones) do you imagine being used in application of AAR? 		Demographic and context dependent. Goal relevant.		When required, the auditory information can become part of the environmental sounds as a shared experience, but otherwise remain accessible to individuals that need it. Consider comfort and function trade offs.		Bone conduction, lightweight, auditory implants in the human body		Smaller, simpler. Understand environment. Separated instruments for tracking, sensing, displaying.		Headphones inside ear or around ear to remain aware of outside environment. Bone conduction earphones but with better localization features; current BC are not good with exernalization or elevation 		Bone conduction and Open back headphones (allows to real noise in in a natural manner). Feedback loop in shared environment since real world is altered. Binaural loud speakers in real world is AAR; the speakers can dominate real sounds in a small space though. Virtual sources can be more or less spread out based on speaker locations. Virtual and physical perspectives/images must match for satisfactory AAR experiences.		Least noticeable, small. Time frame after which AR audio becomes ambient audio to ensure audio does not dissipate.		Spatialization (x2), intensity (x2) and temporal variation, environmental preferrably with seamless interaction,  minimal hardware (x3)		Spatialization/3D virtual audio appearing to come from a real source. Immersion can vary with context.

		Based on this discussion, how would you define AAYR?		interactive sonification related. action means user task?								AAR is not hardware focused, unlike visual AR. Provide diff sense in conjuction with the real world. Any audio that does not interefere much and perceive some other information.		Meaningful enhancement of the sounds of a physical spce by adding virtual information		Indistinguishable between digital and real source, enhanced communication channels, entertainment purposes (games, movies, music), natural voice agents, military training and simulations, increased sensation of otherwise dull activities (driving), increased situation awareness (detect sirens and alarms)		seamless interaction, unnoticeable hardware, unnoticeable latency issues, improved battery life, combine with existing hardware such as glasses.		Drones flying overhead and providing auditory information through loudspeakers, traditional speakers in the real world, headphones with AAR acitvation button. Context driven.

		As an emerging field, what future directions do you envision for AAR? For example, vision based AR systems  have matured for application in aircrafts and vehicles as Heads Up Displays (HUDs).		is sound feedback or instruction? can define is some sound is AR or no. but according to him, all sounds are AR. The turn signal here is for the driver; other drivers don't hear the sound, only see the visual stimulus (orange turn signal). so it is reminder/feedback.														used with visual AR, make primary task easier, assist/enhhance experiences, social interaction.		immersion + define reality better for user, not fully change it,  not take away from it, 

		We will now show you a taxonomy that was developed after a literature review. Please share your thoughts, comments, and suggestions on ways to improve it.		Providing audio cues to only those who need it, for day to day use. Perceived reality - diminishing reality, noise masking. Healthcare sonification papers - trimlab MS students. cite previous driving related papers. Tim Zimmer audio games. Autism, dyslexic individual benefit from AAR. Blended sonification - thomas harman, ICAD. Working memory analogy - work with 2-4 bits of information at a time; accuracy drops with auditory information - requires training.		Loudpseaker sound is AAR - yes. Removing certains environment sounds is AAR - yes. Have a high level taxonomy as well as a detail level taxonomy (hierarchical)		Physical reality registration. Animating physical objects with sounds - not AR? Separate Training and Education use cases. Location based audio spatialization - understand how sound would behave in a specific location. Add entertainment use cases - selective concert goers - those not interested can choose an individual different audio display. Individual AAR is good but should not hinder ability to communicate with others in the immediate physical world, if not in a better way. AAR should not create individualized echo chambers - social collaboration must exist. Equity issue between those with access and those without.		Hierarchical taxonomy. Electric guitar sound - not AAR. 				Mulitple layers of audio. Categorize based on complexity and context with primary task. Consider temporal aspect of layers since all layers are not available at the same time. Interaction dependent, complexity and context of sounds.		Athletes like rowers, cyclists, swimmers, aerobics, rehabilitation, provide feedback based on their actions to provide rhythm, sonification of their motion - training purposes. 

		We will now show you a video demonstration of the  capabilities of  AAR using a prototype device. Please rate your satisfaction of its performance on a scale of 1 to 7, where 1 is highly dissatisfied, and 7 is high satisfied. Next, please provide your thoughts and ways to improve the application.												Prioritize hardware based on use case. Removing sounds not AAR.		use score's mean, sd, median. keyword frequency. use specific number when reporting results in paper.		virtual and real sounds should not interfere. link users to form factors and rank them, provide scenario/context/use case		autotune - changing real sound source by modifying it so a new layer is added (transformation); teaching/education use case, challenges and benefits for each use case, interaction tehcniques, make connections between different aspects of AAR







Image

		Digital data to understand the physical world by adding to it.		Transparency, overlay new digital or audio components integrated with reality		Enhance experience/perception of real physical space

		How music augments reality. If audio not related to reality - not related to user's immediate surroundings or user's task - not AAR. No leaning. Sonification that interpret the real world can be AR - helps understand environmnet.		Story telling aspects qualify to be AAR - sound induced experiences. Context driven YES.  Immersion can vary.		Context driven. If music actively helps in performing a primary task, YES. Electric guitar sound in person is not AAR - not augmenting anything.

		Registration and interaction with physical world. Context dependent. User goal or task dependent. 		Spatialization to denote location of source. Navigation purposes. Stream segregation to distinguish sounds over natural environment. Unobtrusive.		Unique layered display of auditory information that adds to what is already there. Has to be meaningfully enhanced. 





Combined Data II

		QUESTION		E1		E2		E3		E4		E5		E6		FG2		FG3		FG4

		What is your understanding of AR?		AR is, if we think of MR being in between, then AR is augmenting the real world and that we are overlaying onto the physical world. Weve been doing it for arguably 1000s, or 10000s of years. If someones read a story to you, then you've experienced AR. So too through music, the radio, podcasts. It is continued through your phone, where you visualize through that.		Using some computer or form of digital something to convey information over the world that wouldn't be there without it. Could be as simple as showing the line of scrimage in a football game. Anything thats giving more informtion than without the display.
Could your def lead to shared exp? It could, as with something like visual with TV. I have a very visual skew when it comes to AR technology. Obviously sound can be a shared experience.		Immersion of virtual and physical stuff together. My view has changed as time goes by, like 12 years ago when I first started my research in AR, I read a paper that defined AR, and thought of it as more of a visual interaction type thing. The registration part was important, how the virtual was regestered in the physical space. But with audio and other perceptory parts, I feel like its more than just the visual aspect, like with audio and haptic. I am trying to see this terminology in a more broader sense these days than when before.		AR is using computers to understand the surroundings; understand the actual/real world environment. Based on its understanding, it is using compuyting to add something to it, like technology. Computers understanding the environment and mixing audio/virtual information with the real world.		AR to me is reality perceieved often through a transparent glass, a reality that allows you to overlay either digital or audio components that is not already there, bt overlayed on the natural environment, but not in a way to not be able to perceive the natural environment. It sort of integrates with the environment.		AR is a method of enhancing one's perception of the surrounding environment. Its a way to enhance ones experience in a real physical space.		Its like taking visuals and placing them in the area around you. In VR, you completely change you outide vision, while in AR, you add things to that vision. AR is like a popup/a more advanced version. VR is a more actual world, like a 3D version of it. AR is similar to VR, but not the full simulation.		AR is there for some sort of likage between the phisical and virtual world. Having some kidn of reaction that is virtual in soms ense but is interactivce in a physical sense. The name suggests that you are adding to the existing reality and trying to create different experiences. For example, like Pokemon Go would count as AR. This could be done either with software or hardware implementations/. For me, AR is something that is virtual but laid on reality. For example, something with a display could br AR, and some games as well. There are also some cases, where someone created video games in their own house, where they play though some glasses. AR is combins virtual things with reality, like with the heads up display in a car, which has a live map. The screen has a camera that shows a live map in front of you to make directions easier. AR is something between a reality and a VR, because you are in your real world, but the headset overlays a virtual screen for you to interact with. You are in a sense transported to a virtual world in real life. AR is when you are trying to augmented reality or overlay reality with images or something to change that reality. AR is using technical method to combine some special method to the reality in order to help people see and hear differently.		Its computer generated, virtual immersive experiences in real life. Like you can see that or hear that in real life. Instead of seeing what you can see with the naked eye, you are adding a layer to the real world so that you can see more with the added technology. It shows a component from the virtual world in the real world, layered over, like a camera. Putting a virtual layer and virtual components over the real world. AR is layering over what we can see or listen in the real world.Bringing virtual things into the real world by virtually stimulating senses. The idea of bringing in visual inputs or audio inputs into our world, like Pokemon sitting somewhere. It has sounds and you can see something on your phone. If we find a way to stick you in a suit and make you feel something, that should be also counted as AR, even if the technology is not there yet.

		Do you think listening to music, through loudspeakers or earphones, can be considered an example of augmented reality (audio in AR)?		Yes.		I dont think theres a split between AR and VR, theres a split from totally real and totally virtual.If I completely block out all of my sound and am listening to music, I would call that a form of VR for audio. For it to be AR, I would need to hear the outside and inside, the birds chirping and the digital world.		Its interesting, yeah it really depends on how you define AR, but right now, to me AR is more like an adaptation where people have already gotten more use to it. Its already my reality, I can listen to your voice through my headset. Maybe 100 years ago if we coined that technology, when we first invented that music system on technology, then maybe we should consider it AR at the time. But right now its difficult to say, because it is part of my reality. "Every time I present my research to the audience, I always try to present what the reality is, which is baed on my experiene. AR is enhancing my experience, like with this video call right now. Reality has been changed to me, and my perception of reality has changed, and this AR technology are just the tools to change/enhance our reality.
		Yes, I think its a very interesting area. A lot of AR systems are things that we visually see, like seeing some real world objects and using your phones, which gives you a measurement for those objects. But it does not just have to be visual, we listen to these surroundings. It depends on how it augments the reality. If you are just listning to some music or guidance, that is not really related to the reality, so it isn't AR. But if it is related to reality, for example Microsoft did a project about mixing audio information/sound with navigation system for visually impaired people (if you need to be at some place, you use spatial audio to help for navigation), it is difficult to say if it is really augmenting reality. There is another paper about wearing a helmet for bikers. The helmet has a camera which will see the camera and what you are approaching and will play some music/sound that is directly related to the distance, speed, object that is near the biker. 

		I think about that some times too, sometimes I like to listen to musicals, and I remember once driving with a friend and we felt like we were watching something. As we were listening we were making a world inside of your head that you perceive. Listening to things that have a story component could be considered AR. I can just hear a song from some play and be transported to that sound, even when just listening to that sound. "A: you said you passenger was almost immersed, while you were driving, correct? In this case your passengers have the primary focus of the song, but your primary task or goal is to drive safetly, do you think there is a distinction between categorizing your experience vs. your passengers in terms of which is and isn't AAYR.

		It depends on the context. I think that if you are listening in a passive situation (riding a bus and listning to music), then those two events are so dissasociated it is not an AR experience. Say youre listening to music while cleaning up in your house actively, those two things make your work more fun, so it does fall within the event of augmenting your reality. "//Shared vs. Personal Experiences
I fail to see at this point the benefit of a shared AR experience. I see the benefit in a VR environment, and I consider the audio a shared experience possibly. But for AR? I lean towards no from a personal experience. I haven't thought about it much?

		Potentially through speakers yes, but not through headphones. It depends on where the sound is coming (like with speakers to determine where sound is coming from, localize the source). 
What is the media has spacialization? 
I think that is possible to get in ear headphones to that level, I am not sure if the technology is at that point. It is still to limited, it kind of localizes at this point (no up/down). "I'm not sure how those examples can be translated into AR.
If you could hear it in all directions, that would be AR." "Follows on with Matthew. Headphones makes you more in the simulation, feels like you are really ""in it"".
Spacialization Q: Headphones aren't quite there yet, not quite as good as speakers."		Im not sure, I would say that more AR involves some sort of interaction with something connected between the virtual and physical. So music listening would not be the first thing that comes to my mind./ I would say that tehcnicially it is a format of AR, a good example would be the virtual haircut sound, such that you can feel the experience of what a sciessor/barbor is around you. This could count as an AR format. It fepends on whos experiencing it/. It depends, to some degree if there is a virtual aspect added to that I would count that as AR. And for music, if it could have some localization or left sound channel, that would also count. If it is just plain music, then probably not. Considering the AR term, audio AR would be asong that relates virtual sound with real world sounds (outside). As far as I know, the environmental frejdnly vehicle is mostly powered by electricity, and when it starts the engine does not have much sound, this has a tradeoff. Without sound can feel differently to the driver than with the sound, so in the future we could emmulate this sound in order to have opeople feel a feeling of starting the engine/car. 		Im not sure if music is AR, but if it is someting like, supose a live concert which you are listening to, and it gives you the feeling of being there while not actually being there, that would be mroe so simulating reality through audio. That also makes me wonder if talking through someone as we are doing right now is AR, at least in terms of sound. How do you define audio that is augmented and what is not? I agree with Luke and Muskan, they should be combined rather than being a part. With live music, if I feel like I am there, that would be AR. It is, because if you go by the definition it adds a layer to the real world, then you can still hear the outside real world with the added layer of new sound. I would not normally consider music to be AR, as it is more of a visual stimulus, but if they were together (like with Pokemon Go), maybe that would be AR. Yes I think it could be, because when you are listening to music and the sounds of the music are not happening in the real world, but you can still hear it, that would make it audio of AR. 

								There is a researcher in U Penn, Computer Graphics Professor Normal Bedlan, paper is from the late 90s or early 00's, he mentioned that our generationmight be the last that distinguishes between the real and virtual world. But, who knows? Howe we define AR may change in the future, it could just become reality, where we dont have a difference in virtual and physical space."		Sonification can help you understand the surroundings. So we have computer interpreted sound. "Mentioned about how sound should be related to reality/persons task:Assume that you are in VR, then what you are seeing is all virtual, there is nothing physical. If you are seeing both the physical and virtual world, that is AR. So it is kind of a mix of the two. I think the same goes for AAR, if you are wearing headphones, you are blocking other sound, then you can only hear what the system is playing. You can also map the sound to some place, where some movements can be directly mapped to that. If you can still listen to the environment and what people are saying and if the computer is also generating some audio that is related to the physical environment, then that would be AAR."		K: I think that can both be consideered AAYR, but I am the person with the split attention, Im not as immersed as I otherwise would be. It should not distract from the actual environment, whether I focus on it is my decision, but it is still displayed so how much I pick up on it is my choice."		A: Does listening to an electric guitar in the same room shared audio AR? I mean a collective listening experience, we experience that every day. I don't see the augmented part of the experience in that situation. How would listening to a concert be an augmented experience? A: The sound is produced in a way digitally and it is overlayed on top of your immediate phyiscal environment. I am not sure if it should or shouldn't be.Yeah I would not consider that an AR. I would still need an audio layer on top of this guitar to consider it an audio experience. My definition is a bit more restricted in this sense."				This seems like audio AR to me. By augmenting audio on surrounding noises you would be doing AR, like with Noise cancellling, that would be some sort of audio, as it takes out white noise and consistent noise. Standard headphones, maybe not. Jusyt listening to music is probably not AR, you would need some sort of blend in the reality for it to be considered AR. It would count as AR, because these daus the headsets develop very quickly and there are  alot of improvements based upon the number of channels. The focus is to make the sound real, so the main focus would be trying to recover the effect that they want to achieve in the best way, to make people feel like they are in the actual environment. As if you were in an actual concert, etc. Currently the technology has a lot of disadvantages and a lot will need to be improved.		It would only count if the headphones or something that other people can't hear, something that is only designed for you. The case of any recorded noise being played throgh music, compared to a person plahying the piano or screaming would be no different. It would have to be something that is only heard by the personal user and it may have to do with how the audio is being used. There should be a bit more nuance between how it is being used and what people are able to hear it in a certain given area.

		Do you think Audio AR can be a shared experience? Or can it only be considered an individual experience?																Definately, like with 2 players plaing a game. Tow people are sharing the same AR medium and would be sharing the expeirence. It can be shared, like if you were talking to some kind of voice assistant. So mylitple people could talk to it at the same time to solve some task.It can be, but it depends on the tasks. If they have somegthing interactive that they can share among two or more people that also involves sound, that could be a shared epxerience, but if it is something that someone want sto enjoy themsleves, it could be single. It is possible to make a shared experience, like with dancing together or playing some games together or just in sharing some audio. Most AR does not have heads up equipment, so it would be shared. It can be private with the single headphones, but without it coul be sahred. I do not thing so, because I agree with Jing. Considerfing that Audio AR is personal, like with headphones, it can't be shared/. This technology can be seen as indivudual and shared experience, like with gaming. They can be shared. Some example would be like giving a alecture to a group of stduents with an evolved form of AR. Like you are trying to duplicate a single environemnt to multiple individuals. They are recieveing teh same information at the same time		It can be a shared experience, but I don't know how. With visual experiences you can see other people doing things, but you can't hear them doing that sound. How do you make sure that you both are listening to the same sound while being in different places. With audio, that could be a little tricky to make sure that the other person is paying attention and listening to it. "I do not think so, because even if two people are in the same AR, they may not feel the exact same thing. Even if we are just talking about things with our naked eye, we all perceive things differently, so your reality differs across the individual person and how much they enjoy it or what they see." It could be a shared experience, like with Pokemon Go, where you can share you phone and you can both experience the same thing and sharing the experience. Audio can be a shared experience, if multiple people could hear it at the same time. Then you can share the experience with many people. I think it could be a shared experience, for example if my friends and I could listen to music simultaneously, that could work. Like if we all play the music together while all being in different locations, with a shared AR it would be great. Yes, auditoy AR can be a thing. I think it has a lot to do with how you use the AR. I think the difference between using audio technology vs. AR would be the intention behind said auditory inputs. If it is simply to make a sound unreated to modifying reality, like a sea shanty playing in a bar or jaunty music when riding a horse, like in a videogame. That may need GPS tracking.

		According to you, what are the requirements for sound to be considered an application of audio augmenting your reality (AAYR)?				A synthetic representation of audio sound in some format that is portrayed to the person. Im assuming AR means you are letting some things through, depending on how you see that spectrum. Could just be watching the TV, as thats kind of a form of AR for sound. It is giving you more information and it is digital.		Going back to the definition we mentioned in the AR literature, onr of the things is the registration in that physical environment and the interactivity. To me the AR with the physical environment should consider the real aspect. To me if I want to call the AR at the stage of the current tech, it depends on the scenario or context that I have. On top of this context, I am doing a tast, so I can extend my experience related to this context, then I would call it AR related to the modality.		Already touched upon this.		Having direction, a spatial component for AAYR, because often times the things we are trying to portray have a natural location or an implied location in space. Theres one project thats a sort of navigation system, where you put in a lcoation on Google Maps and will ping in a certain direction to show how close/far you are. A lot of the projects I use for AAYR has a directional component, because number one stream segregation, so that people can split up the sounds in their environment. For safety a person needs to be conscious of their outside world, we don't do that, but it is probably really necessary. It is unobtrusive and has a spatial component, and its also able to be detected over the normal noise that happens in an environment, something that allows it to be heard.		We need layers of audio that is coming into the physical space that doesn't necessarily belong in that space. I want to augment the experience, I want to have this audio give me more information or more context for what is exactly happening there. In your case, I would not consider a physical guitar or a flute playing on top of that guitar AR, because I would not consider that a meaningful experience. I want my experience to be enhanced in a meaningful wayk, so that I get more information about what's going on: me and maybe not next to the person next to me.		You need to be able to directionalize the sound. At a minimum, at least 5 different zones that can be chanelled to make the sound different = up/down/left/right/center.
You need to add in some elements of what is oustide around you. If you are fully replacint the audio around you, that would not be AR, because you are cutting it out and replacing it. They need to be together, simulated and real audio. "Agrees with Matthew.
Depending on what kind of music you are listening to, AR could help you experience the music better." Agrees with Matthew.		The requirements for AAR are the same for any type of AR, it needs to have some kind of interaction with the real world and virtual world. Although this will contain a lot of visual components, audio components can further augment this experience. Hardware requirements are a must, you need those components to bring those features to reality, or to AR. They could exist without virtual effects, so you could use audio effects instead, but the hardware components are a must. Based on the definiton of AR, there needs to be something both virtual and in our real life, plus with audio. I personally would love to have a visual type thing if there was that audio capability. But it also depends on the person who can experience something that is not only visual. Needs to have virtual component and reality aspect. Different types/aspects of sound can appear in both section, like with vibration which could also be emulated. First AR has to contain reality in someway, and the augmented audio part means it has some relation to the real world but is virtual. You can combine these in differfent ways. You have an understanding of the surrounding and you aigment it with something. So you must be able to hear what is arround you, and the tone that you pick up could be the augmented one that is being overalyed by the system. 		One aspect could be the sound making you all feel like you are together, or having that feeling of being somewhere else or being with a group of people. I am often distracted by my visals, but if you block your vision just to deal with the audio so that you can make your own vision, that could be AR. You want to be immersed, but for it to be AR, you have to still be able to experience the real world. This is different to simply just having a different reality. If it has an immersion experience, that could be AR. Or if it has a visual expeirence along with it, so that it is visual and audio, that could add to the experience. I also think that one of the main charactersistics of AR/VR is the immersion. If the audio is immersive in an environment where you can't hear other sounds, like with noise cancelling headphones, that would be great. The differenfec betweemn VR and AR is that the Pokemon includes interaction with real world as they appear on the ground or in the "sky", vs. strapping on a headset and it is floating nevulously in a spot. If you use noise cancelling or tech like that which is used to immerse yourself in a different world, that would be transporting youself to an entirely different reality, albeit rooted on Earth rather than a fantasy world. AR needs to cooperate with real reality to enhance your experience by either having some sort of helpful thing or something stupid and silly. It would have to cooperate with the real world.

																		The augmentation is what you hear mostly. The audio is not AR on its own. SO it depends on the context or space. I would like to have a sensation. Are they enhancing my reality just with the audio. Good hardware. To make people believe what they see is real, you need good tech.

		Which use cases or scenarios, do you think, will benefit users the most as an application of AAYR?		Every scenario I am working on (hospital, entertainment, interaction, ...) applies. There isn't a scenario that does not benefit from Audio AR, even those that are deaf.
For the deaf - there is no such thing as completely deaf. It's more a case of where the frequencies/perception become more inefficient such that they can't experience it. They can still feel the physical vibrations, and you can use loudspearkers has haptic devices. I am working on a system for those who are deaf to edit podcasts? so we need to change the pitch into a haptic range so that they can feel the haptic range.
There isn't a scenario it does not apply to.		When I think about the entire experience of that spectrum from reality to virtuality, and how do we make it more rich? Or better? Ive been thinking about blending across virtualities, so that you can play music, or you can add information on to the real world (ex: ask Alexa to explain a recipe). For AR, the real benefit is that mixing of adding additional information across all of the senses. And theres power to that, because our brain views the world in blocks, so we could trick the brain and help make it think differently. Think haptic cues around the wrist, where when you add a visual graphic of a ball rolling on your wrist, you could feel that. We can make up for inabilities in tech with audio to fill those gaps.		Related to the concept I mentioned and the user's experience, each user may have a different expeirence and perception of reality. AR, especailly related to the audio, many researchers have looked into the audio effect for the visually impaired. For their experience, they cannot really see, but through the aural feedback, they can extend their feedback on top of the real data. They can now process more. That is certainly an AR.
Also even with the AR if the user can only see the visual stimuli, that could be one scenario for the training. What we develop is mostly based on a combo of visual and aural senses together. So AR that combines these two data could be considered AR. When I talk to a virtual human in front of me, not only am I seeing them, but I am talking to a virtual agent, and that case is plausible and I can extend my virtual communication through that agent.		First, not everyone can see visual feedback, some are visually impaired. They should be able to take advantage of computing to enhance their lives. For those who are visually impaired, AAR can be really helpful. Sometimes you can't really afford to use your visual attention, like when driving. They should be used in  a very safe way, because you have to keep attention on the road, and in these cases AAR can be great. EX: if you are driving what you are seeing can be just reality, and this is the most imrpotant thing, because you have to focus. Audio is less important because people close their windows and just listen to music, but then it could be important. Maybe teh computer can intrepret the road conditions and sonify it in some way. Convert the friction coefficient of the road to sound.		Any sort of navigation, search, theres also fun as well. Some students made a Pokemon Go type game but only with audio. There is an entertainment aspect that sounds really cool, some could be serious, like for training. Overlaying actual fields with combat for a soldier to practice. Also orienting or finding a way point where everyone needs to meet up. I feel like sound is best over ears for finding things. "A: You know how Apple's AirTags allow you to navigate towards a missing object with a beeping, is that AAYR?

K: Yes, because it is helping you achieve some task and the audio is not of the natural world, and you are percieving it with your senses."		I would consider assistive technologies benefitting from technology, for example any navigation technologies or rehabilitation or anything that falls within this category would rely on this technology. Education: you can enhance remote education scenarios with augmented reality. You can bring your classroom or a new environment with a virtual teacher or student into your reality. You can create a shared classroom space for those who are far apart. And this is important for enhancing your experience. I also see a benefit to the gaming/entertainment industry a lot. Not necessarily just music, but also gaming, movies, etc. Also adding the visual experience. "//Would deaf people benefit from audio AR?

		Hearing aids, could be helpful there, to spacialize that would be effective.
For entertainment purposes, could be great. Sit at computer and watch concert, but audio would be a bit different. "Using it in the metaverse.
When you are working on a project with a lot of noises, it could be used for singling out certain sounds." "Something with GPS, kind of already narrated, but if there was a technology to project something onto the glass in front of you (heads up display). Implement sound into this case, it would make it easier.
Add a surround sound aspect."		Retelling a story or some part of history and having that AR and audio part come in. Like with a battle, with its visual and audio components. That would give a fully immersive experience. The voice notes in the zoo, that would enhance your excpeirence of reality by helping you learn more. The audio aid to the visual component will help. It would be great if I was walking in some great place (like the aquatic center./aquarium), and you can hear something from headsets/bone conduction headphones that tell me a lot about these creatures or mimics their sound, that would augment my experience. Contents like with cars. If the mysic can contain something wit hthe outside, so people listening to the music can still understand what is going on outside, but will also give feedback to the driver as they drive. "Movie theaters. When you are watching a movie, audio AR could be good.
Online meetings with Zoom to make you feel like you are actually there." "Music industry, people who can come up with creative stuiff in the music spacve.
The classroom environment to make it more interactive. To make more creative" Videogames and the metaverse would involve AR. Social activities like presentations too.		As we all are working virtually, if we could hear each other or hear office sounds, or have a feeling of being together, that could be great. It could be like ambient sounds, it needs not be a headset. It may help in increasing productivity, like working in the virtual world.
Augmented audio could also be used with visual things around you. Say that you were in a museum or a historical building, it could give out some sounds to mimic the era, to feel more like you are in that zone or environment. With music, you could create live like concerts. Calming music to make you more productive could be great. What you listen to can change your mood and enhance how your work/what you do. So if you are working from home but you like the random office noises, if you can hear those sounds, it would immerse yourself in it, but you could stay in the real world. "Business meetings or meetings where you could have that different experience. Video games; music concerts. Military or police training could be great for use with AR." "When you want to do meditation, AR audio could enhance your experience and focus on different sounds.
Video games for sure, AR would help you immerse into the game and focus on playing.
Listening to music in a different way, like with immersive feeling of being in a concert." "Hearing aids are already some form of AR, as they increase sound.

														I would say, surprisingly, yes, because sound is not necessarily only the experience that we are having in our mind, it also has a tactile vibrationalsense to it. I am proposing a project around that concept right now: I think what we consider AAR in terms of deaf people, or reduced hearing capabilities persons, I think that using the necessary devices you can have those people augment and enhance their experience of the environment with vibro tactile information."						 A slight modificiation would be to dampen out irrelevant noises and boost useful noises, like in a cafe, you could cut out all other people and only focus on who you are talking out. Also if a car was running towards you, the audio could kick in to warn you to get out of the way. Also, alarms could be some sort of AR, like with voice assistants where you can ask things. If you could also see these things that would be AR. Videogames also, that would be great for the industry."

		Can you discuss which users in particular might benefit the most in their respective scenarios from AAYR?				It depends on the applications itself. My theory is that we don't totally understand what it could be, because we don't have it yet. It really does depend and we wont understand it until later, but I'm not sure when is later?
Which users find visual AR helpful? I would give a similar answer, though for example people who are hard of hearing many not benefit from AAYR. Its kind of like looking at disability in phases, because you could have it for a lifetime, a season, or a moment. Thinking of this in AAYR, I may have some limitations like not wearing my contacts in the morning, so AAYR could be great there. Or with a degenerative eye disease, which could be a season or a lifetime. Thats underselling it still, because it makes audio seem like its only good if something else is failing. Theres probably more intstances where audio is important that I am not considering.		As I said before those particular groups who don't have ability to see or limited to other modalities, sensory modalitites. Also if they cannot really hear well, and if we can somehow emphasize the magnitude of the sounds. These days a lot of entertainment industries have VR show in the metaverse or virtual reality showroom, where they can have like a concert for example. In the AR space, you can have that aural space for AR concerts in a physical space. That kind of audience would benefit from aural AR. In daily life, people can use this audio based AR, if I need to specify the application areas, then I would say entertainment. We can extend the use cases, but I don't think thers a particular group, rather general users.		Imagine youre having a conversation with someone else. When Google Glass first came out, when notifications were displayed, you can't just read it, you have to mobe your gaze to that notification part to read it. In that case, your eye is not just a sensor but also a channel to keep your eyes engaged. In those cases, having audio feedback may be helpful. If you cant really divert your physical attention, it can be helpful. If the user is working in the area of making many human contacts, then it can be useful. "I think it is all about characterisstics of the situation, of the context. All of these things are constraints that could be permanent, and they all have their own characteristics. AAR can be helpful if that context has some constraints related to the visual perspective. 		People who perhaps have a lot of visial things to focus on and need an audio channel that can be different to or add onto the visual things they are looking at. It could help with offloading some work. For the entertainment, just about anybody. Yeah, people with visual impairments would find this helpful as well, to help them locate things. There would also, then, need to be something to help them navigate around obstacles.		Any user of those previous sets would count: students, gamers, deaf people, etc. If we divide users in a different way, I would think age wise, which is different that what we would expect. Because this is something that takes time to get used to, as to not be overwhelming, if this is a route that we are going towards, people who are younger agedf will benefit more if they get used to it and it becomes a way of dealing with it without it becoming overwheling, but simply the norm, like another way of reading the news. If we could be exposed in a controlled way that would be good, as it is kind of overwhelming.		Entertainment
Anyone with a hearing aid
Goes very much in hand with VR, both should have a very spacial aspect to it. VR for games, you are replacing noise, AR has same technology, but you can also hear what is arround you. Anyone who uses entertainment, who has to use it for work. "Teenagers, because we would be the ones using it.
The older generation, would be more interactive so that they could visualize it more. Add another sense to make audio better."		People with disabilities would have the most abenefit with this. Integrate AAR with critical applications can help them become more independent. Also fir those looking for unique entertaiment. People with disabilities related to audio may get the most benefit. Build a layout for them of getting through some parts of an area or city, and you could coordinate wth public tranpsport. Voice assistant could help here. Those who have visual impairment, temporarily or permanently. Those with those disabiolities or people whose visual capabilities are occupied by other tasks can enhacne their curfrent epxerience with AAR. For those doing visual tasks, because they visual tunnel could be closed, but their audio tunnel is open. So AAR could help with those tasks. "Visual impared folks, so that they have an additional layer of sensory to navitage around something. A lot of Youtube content creators could use it to make their videos more attaractive/appealing to viewers."		It could be useful for people who are visually impaired to be part of the whole AR experience. It would be helpful in education, so from the age of 5 uptil when you graduate from college. Connected to history example in prev. question. "People trying to start a new job, the job training could be done through AR, like with training to work in a factory. This could get them immersed into the factory and understandnig what it is like in that environment.
Poolice also, who can learn/practice or get them trained to their job." "It could help college students learn a lot as they learn tech fast.
It could help those visually impaired as well." Young adults, because they tend to learn new technoogis and softwares quickly. College and grad students could use this greatly. 15-35 age range. "Those with slight hearing impaired, to help them boost sounds to expereicen the world more.
All other ideas covered."

										Not being able to see or use the visual feedback is kind of the limitation, because you can use the audio feedback then. It can work better rather than just visual feedback just not being available. Maybe if the property that you are trying to sonfy can be better in audio that visual. If there is something that is more directly correlated with what happens in sound, then maybe those can be good application areas/"								The youth, and the people who are young. Those who listen to muisc or watch movies and could get into this technology. IT could benefit most other age groups as well. People who have disavilities in the eyes, AAR could help them learn something trhough sound.

		In terms of auditory displays, which is the most important aspect, with respect to human hearing, for providing information? (ego vs exo-centric display, spatialized vs non-spatialized sound, speech vs non-speech sounds, amplitude, pitch, etc)		It doesn't matter. Its all about finding out what people are comfortable with using and matching it to them - there is no one size meets all. Irrspective of where you are, you would have the same sound? "Hiding to nothing". It's a completely pointless exercise. If we can't agree on anything (like how to turn on a light/open a door), how can we make a universal auditory experience. The auditory augmentation sometimes needs to come from a loudpeaker, or from something else.
//Sony headphones that look like doughnuts// -- air conduction. They are just open and the sound passes through naturally. 
Anbie? ear cuffs. -- expecting cartilage conduction to be the next big thing, until these came out.
cartilage is more efficient than bone, it excites the air, and augments the audio coming in from the air. There is no crossover?		I think that at its most basic, the principles of an audio displays. I think thats the starting point. But, what if that changes for AAYR? Thinking about visual AR, you start with principles like what are the grounding principles in this case. For visual you now have graphics plus the world. So context for AAYR is really important, it depends on the environment. I dont know that anything really changes about it. Going a step further and saying that theres probably another shift with spatialized Audio AR, I don't know what that would be. But there would be shifts in it.		It really depends on the scenario that you want to use it. There is no silver bullet per se. Sometimes its good to have an ego centric, where only I can hear and you can't. But it really depends on the users needs at the time.		I am not an expert in this, but when I use VR or AR systems, what I love about those systems is that they track your position. There is 360 tracking of your head, hand, and environment. Those are really powerful, because with a computer, you are using 2D information to manipulate properly. If the system can track our movement, then it can provide a lot of information related to that. If I want to look at the ceiling I can just look up. That seems simple, but if you are playing a game, it becomes a very tricky business. 
I think audio feedback can use some of this technology. Tracking tech is now better then ever. This can be really helpful in giving information, especially in relating virtual content to physical things. You have to have something spatial in these cases, because otherwise you are just getting audio feedback. "Distinction between spatial audio, watching a video in front of you, you can prove that same version of audio when simply listening to audio, it mimicks the same thing, but assumes the sound source is in front of you. Then is it really added meaning to that spatialization aspect.		I would also add representative cues, lets say a system represents 5 different beeps that correlate to 5 different objects, that cretes a mental load requiring people to memorize certain beeps and commands, so audio that can already associate them is important. I dont knwo if latency will come in here, but it will definetaly have to be in concert with the natural environment, to not make people nauseous. So that it is in tandem with peopls real worlds. Yes, spatialization is important, because at least to me, it is hard to distinguish between different sounds, but if they have their own location, our ears will have an easier time seperating those. "A: In terms of wayfinding, we usually find in the real world that the sound source is with the object (like with Apples object finding thing), it maybe useful to move that sound closer to you so that you can hear it. If you are trying to replicate this with wearables, is it useful to gudie someone to point A, then B?

K: Yes I was going to say break it up into way points. If something is 300 m away, we could set up say 10 points to help someone to get to their destination. It wouldn't work if you just had to also deal with all the sounds nearby to you and a very distant sound."		You need to have a convincing spatial audio interaction so that your experience is immersive enough. That can mean a variety of things, it can co from the most convincing or tailored to your need (the best selected HRTF data set that fits your need the most with acoustic room conditions). T obe honest the level of accuracy and modeling for those components depends on the type and scenario. When designing an AAR display, I would not spend my time emasuring all a user's HRTF data, if the experience is something more loose/placid/informative. Same with the room acoustics. When bringing your virtual space to your real space, how accurate does it need to be as to not contradict between the two spaces. 		The spacialization is the highest importace of that, without you audio being spatial, it will never feel realistic. That doesn't mean it won't be good, but it won't be realistic. 
Also being able to make a way to not make everything around you not be drowned out by what you are in. Spazacialaztion is important. Gave AirPods example. Spacialization and with transparency (AirPods). Hard to separate the two without balance. Not sure how one would make sure not to drown out outside voice, as you only focus on whats in your ears, headphones.		The direction, being able to tell if its from the left or right, front or back. The intensity of the sound itself and the cues and timing of them are all very important factors that contirbute to the expeirence itself. It should not be something visisble or somethin that you should put on. It should be apart of the environment. Should it comes outside, or from within your head? It depends upon the task, like entertainment coulud be outside the mind, but audsiobook could be inside the head. The intensity can be one. As you get clsoe to something ytou can inraese intensity. Or could use intensity to carry some information, some level of importance. The interface between people and the audio shoud not be that visible. It should be more immersive, for examnple if you wear something like a headset, taht wouldn't be so immersive. Intensity is important, like with how close you get to something, that is important. Direction is also good.Space and direction are important, You could make it more sensetivie to the movements of the head, like with Airpods, etyc.Eliminate the feeling that the device will bring to the user. When I head you with my headset, for example. It would be great if I could put nothing on and recieve the information directly from the environment.		I agree with making the sound 3D. The main thing I can think of is not just thinking of distance in 2d, but in 3d, so that the sound can come from anywhere, not just a linear distance. It could be like a sphere, and it could come from anywhere. The user should get a feeling that it is not just coming from the room.
It should be as close to sounding like real life as possible, not just sounding like it comes from a device. To create an audio reality, you have to mimic normal everyday life. And having it inside your ears makes people associate it with headphones, which mimics everyday life. It depends on what you are doing. For music it does not matter where it is coming from, all around you or one direction. But if you want to be immersed in a game of triainig couse, you wouldneed that 360 sound. You also would need a distance effect to for the sounds. It would have to be that spacialized sound, so that you can make people feel that they are immersed. Adding that 3D experience can also help people visualize that sound better. "I also think it depends on the technology and the condition that you want to use it for. Like in the gaming industry, 3D audio would be great, so that you can listen to the person that is shooting to determine where it is coming from.
 

										I think it depends. If i want to listen to music, and my phones is in the back pocket, I don't want it to play from behind. Spatialized audio also uses HRTF to create this kind of audio. If you are havig some instruments play on left and some on right, that kind of become a standard stereo system. in this case, spatialied audio is not totally helpful. It is helpful when you remove the audio source and need to choose a place to play the audio from. 				In most of the cases it doesn't really matter, it just needs to be fine such that users don't immedietaly reject the image. But you don't necessarily need to spend all of your energy to that, it just needs to be acceptable enough. The only issue comes up with your virtual and physical world contradictig each other. And we don't have yet an answer on how to prevent that. I think the two spaces should be treated equally, but I don't have an answer on how to solve this problem.						For listening to music, you do not need 3D AR audio, I just need to be immersied" It depends on what you are going for. If you are going for say Pokemon Go but for an auditory experience, than then audio has to sound like its coming from whereever the creature is or where the sound should be coming from. If you are going for more of an overlay, like the visual things poping puo (notifications opoing up in glasses), it would be acceptable to be how it is now - in your head.

		What form factors (hardware, such as earphones) do you imagine being used in application of AAR? 		Everything. It shouldn't just be confined to the headphones earbuds. It really is a case of what is natural for the person to use. Like with glasses, how many people use the same glasses, it's not going to happen that way. Some like a portable speaker, some want augmentation to come from a speaker that surrounds them, some want headphones. There is no optimum method, there are suspension drivers. You don't want to wear the same headphones all day.
Inconpspicuous - Apple are going for using air pods pros as hearing aids. So that you can hear what someone else will say. It will just be like headphones in general. If you are using AR to speak a second language or cheat in class, you would want it to be as inconspicuous as possible. If you are playing a game/going for a walk, you may go for something branded. It won't matter. If you are woking for the police/fire brigade, then it has to be discrete, beacuse you will be having head gear, and you can't have others hear what you are doing/listening to.		Theres a lot of interest in wearable technology, you could imagine some kinds of headones, like in ear, bone conduction, etc. All that stuff exists so thats a possibility. But could we also store some audio information in a specific location, like with speakers, instead of it being localized from a person, for exaple. I think that there would have to be something on the person, possibly glasses with bone conduction properties, or even a watch with some audio capabilties. It depends on if it were for one person or for many people.
Right now when we thing of hearing aids vs, visual aids, visual aids can be larger and become more of an accessory, esp when comapred to the inconspicious hearing aid? Will the devices be as small as can be? -- 		In general AR displays will have that auditory device together as well. Example is Hololens with its audio system. But I don't really want something clogged in my ear. Something like ~bone conduction~ might be nice in this case. In general the AR device, wearable or whatever type of display, will be related to that kind of form factor. If I have to think of a more futuristic device, now we have hololens/magic leaf/snapchat glasses, but we want to develop lightweight displays. In the end, if we have some implanted display, we could do the same with audio impants in the human body.		It can be seen as something similar to Netflix in VR. The content you are watching is 2D anyways. So if you are sitting in front of a large screen/TV and watching a movie that is 2D and what you see around you is just the environment. People can sit next to each other and talking to each other than you can hear each other, but imagine you are in a VR world in an actual VR world that you can move around in. If you move around there will be all this virtual content that responds to how you act in the environment. You can have a flat audio signal, or it can create the whole spatial audio to give a more realistic experience."		We have a project where we are augmenting the museum experience, we have all the technology its just not pretty. What had to happen was that we had to give them a processing unit on a Raspberry Pi in a fanny pack and some sensors to know what direction was facing in their headphones. There gets to be a considerable amount of tech. Putting all of this into one device is not the prettiest thing, but what might work best is some headphones that go in your ear and around so that you can still hear the outside world. If bone phones got to the place where their could be accurate for localiztion and you can still percieve the outside world. Either the exertenalization or elevation is not good with bone phones, but tech improves so we'll probably get there. Then your ears won't be covered, so then you won't be out of the world. In wayfinding you may want to still have focus on the road, for example.		The two tendencies for playback that would let you overlay are bone conduction headphones and open "back"? headphones. So that you have the virtual environment in your ears along with the other one. I prefer open back headphones for playback, so that the real noise comes in a natural way to your ears, but then you are leaking your virtual world to others. If its a shared environment, then you are altering the real world, so you are creating a feedback loop. I have not, in my work, experienced binaural playback with bone conduction headphones, but from what I have read and other people, they say that the image is more distorted. "//If we had speakers places in different locations that was playing audio of a specific kind to give the impression of being there would that count as AAYR?
That's why I said when you have experience with binaural or point sources from different locations to your physical space, so your putting your speakers where you would expect the sound to be. 		Anything that you make as unnocitable/light as possible. If you are trying to create an environment around you, but still want it to feel real, you should not make something be very apparent, like big headphones. The less you feel it, the better, and more real.
Depends on use case, in house/open room, you need nothing on you, just a proper array/arrangement of speajers.
In AR, there is a difference with VR. You do start to forget what is around you, the headset is at first heavy, but you notice it less and less. I would say that because you are interacting with what is arround you, you need to ensure that everything is unnoticable. That is what let's you start to forget about it. You have to make it very small, or possibly make something like a chip in your brain. So only you could hear certain things.		Portability is very important. I;ve used hololens and many other AR systems which are very bulky and not portable. They should also have enogh good hardware communcation so that they are lag free. Not being annoying to the user using them is good, like with earphines and headphones, which should not be intrusive or uncomfortabe. The hardware which we have right now could improve a lot, they are quite bulky for example. They are also not as powerful as they can be, like with processing. And those that are are very expensive. Also battery life is important if you are going to integrade Audio AR into our real life. Need a long battery life. I wear glases so a lot of headset would hurt. I prefer something that can attach to my glasses or will be nonintrusive. It should not be too uncomfortable, which may redue or damage my experience. I agree with Manhua about the glasses. It would be great if you could listen to music wearing your glasses, such that it would not be too intrusive, and using a phone to conduct/connnect would be good. 		I agree with all the points, I do not have anything to add here. Little drones flying around playing sounds. I think it could be a shared experience then with this type of technology, but their experiences could still differ. Speakers could create an AR kind of sound, and would help you immerse yourself into the world around you. They could also work like pretending that you are in a specifc place, like in a jungle. I agree with Jonah, especially with organizing the speakers to implement AR audio. A headset with speakers in the ears for audio capabilities would be great too. Or you could just add it to existing tech. Headphones can have AR audio. If the headphines have a button to change whether you are listening to something with AR audio vs. normal, that would be a great feature to existing applications. It can look like anything depending upon what you are doing. If you have holograms like with the Harry Potter World, you can have certain concerts where you are taking something from the virtual world and are putting it onto to the real world. You could have also something like a speaker strapped to your back to play some kinds of music depending on what you are doing.

						This gets into market trends and what people accept into new technology. Its something similar with airpods for example, which is a small think, but is also a statement in a sense. Theres definetaly a trend for that. Some of that is seen with headphones, but part of that was driven by the use of cords. The form of the device may have some flexibility, so it depends on if it gets in the way of something else, like changing my shirt, for example. It would depend on the convenience. There is a tradeoff between comfort and fuction which is a key driver of that as well. And thet may drive that conversation as well.								I would consider that an AR experience, yes, by definiton. You are running into a different problem in this situation, which is if you are treating your sources as point sources, so the location of speakers is location of virtual source, then you have something very concentraed in your real space, so it may completely dominate the sound or be masked by some sound. In this case you would run into problems of having speaker position that cause sources to be more or less spread based upon where you have placed them. If they are standing then they have a fixed width. Putting this in the real world means that you have spread that is represented by stationary sound speakers. So you immediately get a visual and physical perspective that contradicts. This is an AR experience that can work in the right circumstances."		Multiple speakers, instead of one all around sound to break up everything.
If this becomes ambient noise [use of AR over time], find the timeframe of how long it takes for that to happen, so that you can have more consistency with ensuring that AR does not dissipate [in terms of its imersitivity].		If you will be doing over the ear headphones, they need to fit your head, because they can hurt your head. I prefer in ear headphones. If they are wireless, batteires and portability is imporytant, it needs to be used not just at home.Being ligt and being able to be used across various devices is important and it should be comfortable to be used over long periods of time. Like with homecinemas, that provide... (I missed this one I think)

		Based on this discussion, how would you define AAYR?		It's a way of providing additional information on some action through sound.		I dont think that my definition changes necessarily. AAYR could be indivcidually worn so that it is spatialized locally, but I also think that it could be a speaker playing music the next block over. There are differnt forms, and they all have unique value.						It has not changed much, I like that you brough out a lot of the use cases that I had not thought of before, like with hearing protection. With audio AR, its not necessarily about the device, like with visual AR you need a Hololens for it. Audio AR is any audio that you put over headphones that doesn't interfere much with the natural surroundings or that you can percieve some other information, direction, story, etc. Its basically giving you a different sense in conjunction with the real world.		It's an enhancement of the auditory display of a physicl space. A meaningful enhancement of that space. Bringing virtual information, sounds, adding more information enhancing your experience of the real auditory display.		Agree with Nina. That, but make it as realistic as possible. Make it to the point where you can't discnern between the speaker audio and the real audio. Make it as real as possible.
Could be really great for making simulations. Like with simulation testing. You can put it in to those kinds of simulations in making those more realistic. We could think of that as 5d audio, for next generation uses: military, entertainment. We could not totally comprehend it now, but that could be different in the future. When you are in a tank/helicopter, use for beter communciation and awareness. Like with movies and surround sound, makes it feel more real.		Based on what I have seen, it is not meant to be a stand alone exiernce, but should enhance the total visual experience of it as well. But its meant to add a lot of newer functionalities that makes practical jobs and even enteryianments more feasable and easy to access in a sense. I would agree with Manhua, as it can optimize a solution that already exists, especially for visually disabled persons. With the help of this, this device could use cues like vibrations to help people. AAYR is more like using the audio to either assist or enhance your expeirence of real life. A large difference of it from the traditional AR is that it not only enhances enteritainment, btu qalso in completing something. At the begginig I was only thinking about how it can give people information, but with what you have showed us there is a lot of room for interaction with people, which should be considered. When I think of AR now, i think of mostly an immersive environment that can be as immersive as possible. I think that we can do that with current tech and sensors. I agree with Mohannad, I believe that the application that we saw is with the visual AR as well. Currently audio AR has a very large room for improvement, especiallyin the performance and human use part. The application fo Audio AR is currently underrated and there are large potential for it.		Audio AR is something that will immerse your senses or augment your senses based on audio and help define what is infront of us or add to the audio that is currently there. It could augment/enhance our senses/sounds. Audio AR is something that can enhance your reality and not fully change it. It is audio that enhances you physical environment without fully seperating you from reality. I woud say that maybe adding audio elements from a compiter generated software that could add to the real world environment, but not take away from it. This is audio that augments the experience that you are now experiencing. It could be somehow enhancing what you are experiencing in different senses. It is audio created by a machine to enhance you reality, whether it be adidng something from a virtual world or becoming one of your other senses, like vision.

		As an emerging field, what future directions do you envision for AAR? For example, vision based AR systems  have matured for application in aircrafts and vehicles as Heads Up Displays (HUDs).		It exists already, your turn signal has AR. If anything the visuals haven't caught up yet.												Will open up new opporuntiy in entertainment/games. Once it is better developed, AR Games could become very popular.
It would feel like a more realistic VR. VR is great for complete submersion. AR could be just like VR, but with reality, you see yourself in it, rather than replacing VR.
People enjoy listening to their music, singling out music would make people happier and safer. Can get rid of wind, drown out with music, but overlay important noise. "A more developed version of Siri. With simulation and driving, personal secretary.
AR audio could maybe amplify certain noises and deamplify others."

																A better version of the windshield thing, but for navigation. Also with music, play honks, outside noise on top of the music so that you could better navigate, be aware of surroundings.
Really helpful for military training, make it more realistic to ensure that people have more pressure to perform. Easier to notice things.
Could be helpful for driving. Driving feels like VR, because you are sitting in a spot going fast. With the oustide noise, you have pressure to react faster, so that you aren't just focusing on music. Make a trasnparency for other noises, like Ambulances.

		We will now show you a taxonomy that was developed after a literature review. Please share your thoughts, comments, and suggestions on ways to improve it.		It;s helpful to have a one-two word thing on the first column, so that where it says AR, take that down to a couple words. That will make everything else fall into place. Extending reality can be used for some. In one of our projects we are looking at getting rid of the speakers in hospitals, so in that case we want all the sounds to appear to come from real world objects, but only be heard by staff. This would be better for patients, who then won't have to hear audio unnecessary for them. It's not just training scenarios, but day to day uses. Firefighters and health care/surgeions - also for phyisical therapy. We match up the audio with the left and right hand sides. For drivin - tell the driver about their driving (you're driving too dangerously, be more careful). applications with messages/texts
Use case- Why not use the term hearables. The general term for smart earphones. The literature is outdated, they have not been keeping up. Neck speakers - don't sound good, but can with DSP. Same with bone conduction. If you don't mind it being quiter, you can make any speker sound better. 
		I think that this is just a massive space, so when I am even thinking about the context, its hard to keep that as a piece of a taxonomy for something else, because there so much richness there. Some of this is more theoretical, and some is more specific like recreational activities.
Under form factors, I differ more than others you may have talked to. I still find a stereor to count as a form factor for AAYR, unless you are talking about AAYR for an individual, where you need control over the sound.
Use Cases -- I think that context is a way to get to use cases, and I say this because "training scenarious", well what if its just leanring in general, like what kind of learning moments would we be forming. Youve got some classic moments of when we as a field have thought of AR, like with getting feedback from training, or navigation and wayfinding. These are all very reasonable. I think that soundscape recreation is an important one, so that we can also give a feeling or an emotion, effectively a nonverbal essence. 
		It all makes sense.
I think many of these definitions adress physical reality register aspect. The first one is very close to the one by Azuma I think. The second one is quite interesting, its more modified signal I think. I think this is more general. I cannot complain about any of these definitions.
Use Cases - The second from the bottom is a bit confusing to me, its a very general situation. Im not even sure if I can consider it a use case - animating physical things with sounds. Its somewhat similar to some of the others then. Its pretty similar to what we have in the last row as well. Thats what I though and also I was thinking about education type applications which will benefit with the audio AR stimulation. There are papers which have focused on that. Theres also a difference between education and training for instance. One of the projects Im involved in is a literature review on spatial systems. Maybe the auditory information can extend that spatial coginition information to depend on my location and the surrounding buildings/objects. The interception or the manipulation of auditory info could help you understand how the sound works and then you can learn the phyiscal phenomenon somehow. Education then could be one of the use cases.
 
		I think those users and contexts make sense. I think the ones you have here make sense, but it is hard for me to understand it as a whole. Like how you are organizing this and how you are covering the whole aspects of AAR, like how you are augmenting. I think the taxonomy can probably have some hierarchies and some higher level ideas to maybe arrange these ideas. Like when you are augmenting the reality or using spatial audio. Maybe there can be some different levels, which is better than a list of items. It is hard for me to understand if it is fully capturing the whole idea.
There may be so much more that I could not think of, and thats the tricky part of having the list of things. But from what I have read those all sound quite compelling. "A: If someone is playing an electrical guitar, is it AAR?

S: You are using computer to generate the sound, so that you are localizing the sound source, so that the player feels like the amp is beside them or near them?

		For B3, do the sounds actually have to be associated with an object, or can it just be an area? I guess thats one thing that kind of jumps out, tying it to an actual object may not be necessary, like if I want you to walk to the left, I can just play audio to the left.
What would be a sharable device in F3? [We're assuming a headphones thing two people could share either in the same place or in different places] Is the sound relatvive to their position? [Its relative to their position but with them interacting in the same context] 
I'm looking at the head tracker under form factor, I definetaly understand the purpose of a head tracker, but just the feasability of it. Google Glass was ther etech wise, but people thought it looked dorky. What's the different between B6 and B7? [They are very close, a lot of the definitions have overlapping elements. In B6 we're thinking of recording the audio and enhancing it in some ways, like when walking in a park and enhancing the sounds of one birds sound coming from some direction to enhance the experience. And then in B7, this is talking about a form of sonifying the sounds that exist in reality but for preobtained data]


		I think it makes sense, it builds up on the information gradually and that is easy to follow. I only have one question, not sure I follow, "real time combination of real and virtual worlds", thats the build up I'm not following. Should it be the other way around? A: Within a virtual world if we try to place viortual sound source so as to further immerse yourself into the virtual sound. This definition may not be connectd in the best way, but the idea was to enhance the immersion in the virtual world using audio AR. The virtual environment will alreay have a virtual auditory component?

A: Correct. That is sort of the idea here, where you are enhancing a VR experience using the audio, which is being produced through speakers here. That is where youd draw the line, because youd define your VR experience as something that the audio should come over headphones? Is that what you mean? You have a VR experience with the graphics. What would it take to augment the audio of that to do audio VR?

A: Because we have an array of speakers that surrounds the user, you are able to spatialize the sound. SO when a car passes from left to right, so too does the sound, rather than just simply playing left and right channels on headphones.		Definition in E7, needs a little bit more elaboration, but that is the closest to how I feel it should be descfribed, because it specified how you are altering your perception of it. Many defs don't specify that you can still hear around you. You need to specify that you are not just replacing what is around you, but you are amplifying it or adding to it. Otherwise, it would just be audio or VR.
K8 does not make so much sense, because a lot of athletes are almost pupsoefully drowning out audio to focus on vision. By adding audio, you could break that. In the majority of sports you don't have anything blocking your hearing. This could only be needed for subtle things, like adding a microphone between people. There is nothing impeding the audio, they are just purposefully tuning it out. "E12 pretty accurate, E2 pretty interesting. Make a sound of a virtual sound.
It would be cheating for most spots, if you enhance audio. It would be viable if very small [hearing machine]. ""Bone conduction question. Having headphones on feels constarined, but if you had your ear open it would feel a lot more real.
The only sport that could use audio is shooting/hunting."""		The taxonomy outlines several factors which we have already discussed, and some are new, like with bleinging: combinig virtual and real sounds. You may have to make sure they dont interefere here. Surgical devies would also be very interesting but also ptentially contraversial withtheir intrusiveness. I like the idea of using it for workers working in dark environments. "I think that this taxonomy is very comprehensive so far, and I saw a lot of AAYR aspects and different aspects of definitions, environments, and a lot of stuff that can AAYR can apply to. I like how you outlined audio and AR differently. There is a lot in the audio taxonomy that interested me, like the keynote sounds, that is very comprehensive.
I'm thinknig about how some of the users may be limited in some ways, like you should link users to the form factors, which form factor most benefits a certain user, or group of users. Like with workers in dimly lit environments, some devices are more useful than others. You can maybe link the user with a form factor that can benefit them the most. Some users might like only benefit from one or two form factors."		I was looking at the karaoke, so would that be like auto tune? That is sort of building upon your original audio and adding a layer on top of that. It is great how it can track your orientation to specifically place the sound, as this could be great in a video game, like when you turn around in this kind of a virtual space. Trying to figure out how t best place sounds is iomportant. With the athelets as users, they could benefit from this a lot. During track practice we would be able to listen to music, as that could get you hyped up, but you can't do this at a competition, like with cross country. They could definetely benefit from it in these cases. Somethuing you can add to users and use cases is teaching, espeicially with online learning. One oif the definitions is doubled. You can add the challenges of using it and the benefits that the users could get from each use case. How could the AR change how the users interact. The organization is a bit tricky, is everythying linked across? It was a bit odd going across it as if everything in a row was connected. I would explain that somewhere, to help people understand.

				Series on cave paintings - In terms of sound. A lot of caves have ideophones, natural objects that make sound when you strike them. Their acoustics are pefect for making the sound of animals painted on the walls. Cavepaintings are early theater and early animation, especially with fires which can animate the paintings. Teach people to hunt or for entertainment. AAYR goes back really far. Soundscape from Microsoft - spatialized/directional sounds. Factory workers/EMS - yep.
There's a pair of commercial glasses for people that are blind which can read. You can train it to recognize people's faces. More simple way of doing that, with iPhones.
Videogames - surely, zombie running game, which is audio only. When you are running, you can simulate zombies chasing after you. That's intended for being outside, in the real world space.
Museum tourism - have you ever been around a museum with a curator? They tell you amazing stories about objects, who donates it, when it got lost, how it relates to other pieces. It is far more interesting. Persuade a museum to get a curator to talk about pieces they are pasionate about.		And theres probably research into what kind of music makes you feel different things. VR sound applications, mixing more and more real and virtual integration makes sense, and that is important. I did a study about augmented mirrors, we got feedback about these specific graphics, sometimes a car would drive by and its interesting how the wrong sound can destroy that sense of presence, or what youre feeling is real. You may want to include some about the value in removing sound. AAYR is often seen as additive, but it also dimishes. We should probably consider diminished reality. This is a subset of AR, from my internal definition, so sound cancelling headphones would work like that. In this sense you could cancel out the wavelengths, so that my ears don't regiester it (in comparision to sound masking). What sounds do you let through, because in some cases it is very important. Especially with things like military and construction purposes.		I think this table misses entertainment, like virtual/AR concerts for example. Also imagine a concert happening in some place on campus where some people don't really want to listen to that music, so they can use their own AR display which does not mess with anyone else's displays. That kind of a use case could be included if you are not limiting your scope to the literature review that you have found. "Is it more of a singular or shared experience?
These days the head mounted system is more individualized. One of my concerns is that kind of visualization. This is more of an ethical thing, like with Black Mirror, which showed dystopia involving where each person has their own experience that can cause some difficulty in communication. If your reality is completely different from my reality, it would make communication much worse. Technology is too fast for the regulations or the policies. Which cant follow as usual. I think the audio stimuli is the same. I think we're getting more and more focusd on that customized individualized experience, but I would like to somehow communicate with other people. How I can actually understand what you are thinking and what you are trying to do (theory of the mind). It should help for us to communicate in a better way.		A: Solely just a person with a guitar which is connected with an amp. S: I don't quite get it, is it just the computer working as an amplifier, and there is nothing spatial about it? I don't think it is AR, and that is because when the computer is simulating that, it has nothing to do with the room or the environment, which it has no understanding of. I would not say that is AR. It is just amplifying the sound."		In D8, where it says that audio with visual AR to asist in a primary task, why is that only for older adults and explorers? [So I'm guessing older adults because they'll have diseases like Alzhimers and they could use help to find things. For explorers, that could work for anyone giving them an experience to explore beyond the actual physical trail] I guess my point was that older adults are not the only people who could benefit from this. People on the spectrum may have trouble with executive function and may forget these things. So you would be limiting it from people with cogintive abilities that coud also be helped by this. I'm not sure if I understand the use case for row 9, digitally gen audio on top of on top of reality to add to but not remove from it (construction workers; military). [In this row, we decided to focus more on noise use in hearing loss. Those people need hearing protection and so need to mask certain noises, so you need to take away some noises from the environment, but youd need to add noise to mask that so at least perceptually youre trying to take something away.		But it you played interactive head track with binarural, would you consider that VR auditory display. A: I would. So the reason you are not considering the speakers one a VR auditory display is because a. the interaction is not computed somehow and b. because you have two spaces, the virtual graphics space and the physical audio space. A: Right. I haven't thought of that, but yes that would be an augmentation of the virtual space by definiton. I just don't see that by the way that it is written. I see what you are saying and I kind of agree. Its an extreme scenario, but yes. "A: In regards to the use case column, do you think we missed anything? You have tourist experience, navigation, and some that I would not think of, like object finding which would indeed be an AR situation. It covers all of the situations I am thinking of and more. A: Do you think we can make any further categorization in regards to the auditory display design? A: Right, I would say there is a single, two, or multiple layers of auditory information, but they're accessible based on your action. Do you think that could be another way to categorize these experiences?				I focus on the aspects on those users who would benefit from AAYR. I used to run at night on the road and would use headsets and noise cancelling headphiones, which are dangerous in that case. Maybe we can link users needs with the sounds that they need such that it will improve their ability to do certain things. I like this, because it kind of gives me an overaly of what are the different use cases/form factors present. I do like the sonification of real world environments. Adding things like these is very interesting. Blending was a new concept to me, as I though of audio AR as overlaying audio and information. I think you could take a use case and users and give a whole scenario so that we can relate to it better, instead of breaking it down into individual cases. This taxonomy is very comprehensive, I see a lot of points have already been discussed and covered in our combersation. It is good to have recovered some points from here. This kind of AR tech can be applied by medical tech, this can be really interesting, and have me some new ideas, and could chang ethe medical experience.

				Metaverse - I think people will get as bored of it as with PokemonGo. But it can be used in many ways, Google glass, Apple glass, etc. When it becomes commonly used, the virtual world will catch up. I could be in a call here, but one of us could have an avatar representation of themselves and it would sound like they are coming from where they should be coming from audio-wise. If I want to have it such that my audio is a 19th century castle, I could do that. Text-to-speech is getting so good. If anything it will improve audio quality dramatically. If it happens to be someone you speak to often, then the synthesized voice will be on my device, and that will be their real voice. If you think about it, do you think of you tv or computer as anything different from your home as a device. They are all computers, all are eletrical goods. If we look at sonic bubbles for privacy, then the server doesn't have to send the same files to everyone. Everyone wants to be out front. Older adults - we are exploring that with people with dementia. 		Do you think there should be two versions of the taxonomu, high level vs street view? This document as it is gives more information about how the goals and defintions of AR from different perspetves. A different kind of framework could help me think about the different perspectives could give a more general view. I always think of things in terms of the human, the task, and the environment. How does that change the needs of the system? I do think there is value in this split, because the street view gives you the detail and the richness, and the birds eye view gives you the connection.		Echo chamber question. Thats what Im always trying to keep in mind as a developer.scientist. When the public first sees these AR experience, there are mulitiple kinds of experiences. Some really like it and some are concenred about their impact on people. Thats what I always try to keep in mind and not forget. A lot of users use social media these days, like with YouTubes recommended and related videos, which is pretty much the same thing that I liked,and Im more exposed to that same contecn again and again, which limits my opportunity to explore other things. Thats what I want to try to avoid. I dont want that kind of technology. I dont want to forget about that, or have that kind oftech to limit myslef. This could also cause a great knowledge gap between those have the tech and those who cant access it. I don't believe there is good or bad tech, but the way to use the tech had good or bad effects."				 Artistis and musicians require some quiet environments, which isn't always easy to find a very quiet environment, which was our reasoning here]. That makes sense, I guess Im just thinking that musicians need quiet but also need to hear themselves, musicians also need to blend in with others, so often times theyll play with others in their section so that kind of isolation to hear people within your section would make sense. The earphones part, theres somethinbg that you can put into your eardrums to do this. When I was working at Wright Patterson Air Force lab, you should look up Doug Brungart. And he created this thing that you have to install into you actual ear canal, one end is blocking and one is delivering sound. And you can wave a magnet at it to work with it, ie change volume. Its more like someone else has to put it in your ear, it is definetaly not surgery. He uses it all the time. [And that allows him to do what again?] To isolate the world, and it can attenuate the outside the world. You run a magnet by your ear to control it. I don't know if it can go past your hearing to help you if youre hard of hearing.		Yes. I would say that another level of categorizartion that also reflects the complexity of the info that youre sharing is this, is what happens in terms of the layers of the auditroy display that youre trying to put on top of your experience. Because it also has another component that doesn't come starighforward but can be useful depending on what you want to do with that. If you think in terms of leayers, its also easy to add a timeline component to that, because the layers dont necessarily need to be concurrent. So it helps you also describe the build up of this augmentation. It can be something taht based on your decision or navigation, will evolve or the complexity will chaneg in a way that fits your actions or needs. Once you think in layers, you can also reflect that. You're not really dealing with the hardware component right? Because youre focusinga lot on the how and the design, but you are kind of recycling the hardware. Youre just repeating more or less the same type of equipment.

A: Right, we just have one focus there, which is, for that context, what type of hardware would be the best.

				Definitions - Even if you were standing next to your idential twin, you would still experience two different soundscapes [soundscape def.]. Keynotes - more so identifiers, not mostly backgrounds, not in the psychological way, they are providing context. If you think of a keynote speaker, you wouldn't consider them background sounds. They are in the background but they are not unimportant. Figure is what you are actively paying attention to, ground is everything else. Soundwalk - //Found the definition interesting//  (https://www.sfu.ca/sonic-studio-webdav/handbook/Soundwalk.html) Well established. Enchantment - I agree with that definition, but what you are doing is extend/enhance the listeners understanding. If you think of those keys, if you hear someone pick up those keys at 4 AM, then you have that meaningful sound. All sound has meaning to somebody, otherwise we wouldn't call it sound, we'd call it noise										The way its added here, there is not necessarily a prioritization, and they are written in the same manner. In some cases it makes sense, and there are some components one wouldn't think of, but not necessarily your go to tool for every one of those categories. Beyond what youre looking at, maybe what you are prioritizing;; A: Is there anything else you'd like to talk about here?;; I find the compoinent of removing information as a component of AR interesting. I see the point, it kind of contradtics, it isn't augmenting its removing. I wouldn't necessarily see a part of this, but I understand that this can fit within the broad concept of AR, rather than my definition of AR. 

				Blending - It's not just natural sounds, you can think of the preexisting sounds. Change natural to preexisting in the definition. (Electric guitar as a form of blending) - Depends on how you are using it; just a musical instrument or using it to wake up your brother. All instruments have some form of natural amplification. In that scenario the electic guitar is working as an amplifier. The reinforcement is a bit of a confusing term. In sound you have sound reinforcement, but you also have reinforcement in that youre adding additional information (like with a metaphor). Overlaying - How many of the alerts are left on on your phone? Hopefully relevant to the current activity. There is so much being added that is rubbish.









Comparison

		CUSTOMIZATION		USER CONTEXT		ASSISTANCE PROVIDED								IMMERSION/SENSE OF PRESENCE										RELATION TO REALITY

		Sounds audible to more than a person, but customized to be meaningful to the user		Assist in user's intentions, tasks, goals.		How does the auditory information help the user?								Provide appropriate information capable of enhancing perception within immediate environment										What is the relationship of the auditory information to the user's reality.

		one set of users hear frog sounds, but if it is a sonified version of stock data, the user will interpret the frog sound as the data. "Frog sound" - could be pleasant or annoying.		must help the user's primary goals		Extent of assistance received by the user from the auditory cues available								immersion is system provided, user feels sense of presence. capable of changing sense of presence or location; transport to a different sense of space										How 'reality' is currently defined (concensus on reality)								Compare with existing AR dimensions. Overlay, complementing, supplementing, additional info, not replacement, transparent, can hear real sounds - definition of AR														If Immersion and Customization are related, how does it work? Increased immersion through increased Customization? Then, since Customizations are targetted to unique users, the AAR experience becomes more of an individual experience. If Customizations are targetted to a larger group of users, the AAR experience can still be a shared experience. Hence, in the middle, a compromise exists, where the Customizations are done to provide a sufficient sense of Immersion to most users, but additional Customizations should be available to user to further increase Immersion at an individual level. Should these be combined into a single dimension, or should be they kept separate? Also, since Customization has been clubbed together with User Context to form Assistance provided, should it be clubbed together with Immersion to create another new dimension? The data does not provide a great sense of overlap between the two dimensions, but it also indicates that Immersion can vary from user to user depending on the Customizations available. Customizations, however, should be done to assist the user in their task, whether that be their need to feel more Immersed, or offload mental resources to a different modality. Hence, it is my opinion to maintain Immersion the way it is, and have Assistivity be the third dimension. Together, they can define AAR experiences.

		Customization and User Context could be merged together into Assistivity, since any customizations being made to existing audio or added audio is done so to assist the user in their task. Whatever the customization maybe, it can assist the singular user in one way, while assisting multiple users in another way. Audio AR can be individual and shared experiences, as long as the augmentation asissts the user(s)' context of use.																						If loudspeakers are altering everyone's reality, is it still augmentation? If audio has the same meaning for everyone, this sound is now just part of the current reality. In this case, Customization is low since audio is the same for everyone; Immersion is sufficient; User Context is low since audio may be goal independent.In this version of reality, additional sounds (augmented, transformed, diminished) may be AAR, but not the loudspeaker audio since that is now just part of reality.		But whether loudspeakers are AAR or not, is User Context driven. If every user's goal is to feel more immersed in a virtual environment, it could be an application of AAR. However, if the loudspeaker audio is not targetted for specific users, it is not AAR.																Overlay		Unique layered display of auditory information that adds to what is already there. Has to be meaninfully enhanced. 		Is Customization and Immersion mutually exclusive? Customize levels of Immersion. Customize is not only related to Immersino, but other aspects of the audio too, so can be different dimensions.

		Unique layered display of auditory information that adds to what is already there. Has to be meaninfully enhanced. 		Context driven. If music actively helps in performing a primary task, YES. Electric guitar sound in person is not AAR - not augmenting anything.		Enhancement should be meaningful to the user's primary task.		Audio cues should enhance or add to real world sounds, easy to distinguish or recognize, and assist in user's primary task with the real world.		ASSISTANCE PROVIDED (Could be represented as a  continuous scale where the audio can be rated as being closer to the noise or the signal end of the spectrum)				Overlay		Add to real world sounds, interact with the real world to enhance perceptions		Sense of an alternate environment 		SENSE OF PRESENCE				Digital data to understand the physical world by adding to it.		Digital sounds added to environment while environmental sounds are still perceivable		Maintain connection to physical and social reality		RELATION TO REALITY 												Enhance experience/perception of real physical space		Representativeness of auditory cues to minimize mental workload, latency issues for immersion, reduce any nausea. Work in tandem with natural environment and people. Spatialization to easily distinguish sounds.

		Representativeness of auditory cues to minimize mental workload, latency issues for immersion, reduce any nausea. Work in tandem with natural environment and people. Spatialization to easily distinguish sounds.		Registration and interaction with physical world. Context dependent. User goal or task dependent. 		Audio cues should be easily recognized, be representative of something meaningful to the user. Allow for interaction with the real world.								Enhance experience/perception of real physical space										Transparency, overlay new digital or audio components integrated with reality																		Linkage between physical and virtual world that in interactive, adding/overlaying to existing reality		Spatialization for localization, transparency (compare elements of visual and auditory display - have similar and distinctive mapping between the elements) Example: temporal quality. fading sounds, blend with environemnt.		Procedures: two researchers analyzed together; conflicts resolved by discussing with a third resercher. Detail how the columns were made, color coded process. Reviewers will point out its not detailed enough, so have to include all procedural details. Cite methods of GT and analysis.

		Spatialization for localization, transparency (compare elements of visual and auditory display - have similar and distinctive mapping between the elements) Example: temporal quality. fading sounds, blend with environemnt.		No - 1; Maybe - 3; Yes - 3. It can be shared if people are receiving the same information, but it will depend on the individual's task. Could also depend on the form factor used to provide AAR, if it is strictly personal devices, it might not be a shared experience.		As salient as visual cues;  spatialization  conform to the physical space. Multiple users can experience the same cues equally in the same or separate physical spaces, but assistance provided can vary depending on user's goals. 								Linkage between physical and virtual world that in interactive, adding/overlaying to existing reality										If only digital sounds and no real sounds, that is auditory VR.If real sounds audible, yes it is AAR. 																		How music augments reality. If audio not related to reality - not related to user's immediate surroundings or user's task - not AAR. No leaning. Sonification that interpret the real world can be AR - helps understand environmnet.		When required, the auditory information can become part of the environmental sounds as a shared experience, but otherwise remain accessible to individuals that need it. Consider comfort and function trade offs.		Contributions: Three dimensions can serve as heuristics for evaluation studies. Can also serve as design guidelines (sub categories of each dimension).

		When required, the auditory information can become part of the environmental sounds as a shared experience, but otherwise remain accessible to individuals that need it. Consider comfort and function trade offs.		No - 2; Yes - 3; Maybe - 1. Yes, if individuals in geographically different places can listen to the same auditory information. No, because even the same auditory information may not provide the same effects on two individuals. Context driven, depending on the individuals' goals can be shared AAR.										How music augments reality. If audio not related to reality - not related to user's immediate surroundings or user's task - not AAR. No leaning. Sonification that interpret the real world can be AR - helps understand environmnet.		Audio must be dependent on reality and user's goals; enahnce real world sounds to be meaningful to the user								adaptation dependent may be perceiving virtual sounds as real sounds, then it is no longer AR. Hence, AR definition dependent. Have to define reality to understand what the augmentation is. Listening to music is AR? No		Maintain social aspect of reality, eliminate noise from reality but not necessarily delete it (transformation)																Story telling aspects qualify to be AAR - sound induced experiences. Context driven YES.  Immersion can vary.				Equivalence of each dimension: Likert ratings on each dimension. For Assistance - how helpful are the sounds? For Reality - how well can you distinguish? For Immersion - how immersed do you feel?

														Story telling aspects qualify to be AAR - sound induced experiences. Context driven YES.  Immersion can vary.		User should feel engaged with the auditory content added to their reality.								Localization, add to existing environmental sounds																		Any digital audio is AAR - but real sounds have to be audible.		Meaningful enhancement of the sounds of a physical spce by adding virtual information		Immersion and Relation to Reality - orthogonal or correlated? Immersion - give you sense of different space physically. Reality - how distinct is it from immediate reality? If we want to present as a 3d cube, the dimensions must be orthogonal. But some overlap exists with the three dimensions.

		Meaningful enhancement of the sounds of a physical spce by adding virtual information		Those with hearing loss won't benefit from AAR. Present information when necessary. Temporally scalable use cases. Haptic feedback can be consdiered AAR. Lower than 20 Hz can be felt, but not heard. Dependent on user task.		Enhancement could be to haptic modality; those with hearing loss can feel the augmentation to assist in primary task.								Any digital audio is AAR - but real sounds have to be audible.										Hearing disability, entertainment purposes, isolation for focusing on primary task (reduction of environmental noise), audio aided GPS navigation using HUD (complement the visuals)																		Spatialization to denote location of source. Navigation purposes. Stream segregation to distinguish sounds over natural environment. Unobtrusive.				Are these considerations already part of visual AR? Have to be different to be new. Some overlap is okay, but should also be different. How helpful are the new dimensions, do they not apply to visual AR? How are they unique from visual AR?

				Those with limited vision or other modalities. Aural AR concerts in a physical space. Entertainment use cases for users in everyday life. Everyone can benefit to an extent depending on context or use case.		Enhancement should be meaningful to the user's primary task.		Audio cues should be salient to easily distinguish from real world sounds. Cues maybe audible to multiple users, but if there is no shared goal or primary task, effectiveness of assistance to each user will vary.						Spatialization to denote location of source. Navigation purposes. Stream segregation to distinguish sounds over natural environment. Unobtrusive.		Separate channels to distinguish between multiple virtual sound sources. 		Engagement/Interaction with physical environment						Recreational acitivies such as going to a museum, aquarium, zoos/safaris, spatilaized audio in movie theaters, Zoom meetings, music production, VR applications; adding additional environmental sounds to improve SA. 		Audio must be distinct from immediate reality. User must not expect the audio to be part of their reality.		Audio must adapt to be perceived distinctly from user's immediate reality														Interaction between virtual and physical, hardware capabilities, virtual sound is the primary sound and real sounds are part of the soundscape, context driven.

				Interaction between virtual and physical, hardware capabilities, virtual sound is the primary sound and real sounds are part of the soundscape, context driven.		Audio cues should be easily recognized, be representative of something meaningful to the user. Allow for interaction with the real world.								Interaction between virtual and physical, hardware capabilities, virtual sound is the primary sound and real sounds are part of the soundscape, context driven.		Virtual sound sources must be perceived as part of physical environment, but be distinguishable too.								Loudpseaker sound is AAR - yes. Removing certains environment sounds is AAR - yes. Have a high level taxonomy as well as a detail level taxonomy (hierarchical)																		Provide sense of belonging/collectivism, audio overlap visual informationt to improve focus, immersion equal to visual AR, omit noise from environment, interaction + immersion within real world.

				Scenario or context dependent. User need dependent.		Enhancement should be meaningful to the user's primary task.								Provide sense of belonging/collectivism, audio overlap visual informationt to improve focus, immersion equal to visual AR, omit noise from environment, interaction + immersion within real world.		Augmentation of real world quantity to improve perception/knowldege/understanding of said quantity								Prioritize hardware based on use case. Removing sounds not AAR.		If loudspeaker sound is dedicated to user's goals, it may be AAR, but if no User Context, then not AAR.																Users whos visual channel is occupied. Context driven - constraints of visual perception. Better perception of quantity through sonification than visualization.

				Demographic and context dependent. Goal relevant.		Enhancement should be meaningful to the user's primary task.								Users whos visual channel is occupied. Context driven - constraints of visual perception. Better perception of quantity through sonification than visualization.										autotune - changing real sound source by modifying it so a new layer is added (transformation); teaching/education use case, challenges and benefits for each use case, interaction tehcniques, make connections between different aspects of AAR																		Representativeness of auditory cues to minimize mental workload, latency issues for immersion, reduce any nausea. Work in tandem with natural environment and people. Spatialization to easily distinguish sounds.

				Spatialization/3D virtual audio appearing to come from a real source. Immersion can vary with context.		As salient as visual cues;  spatialization  conform to the physical space. Multiple users can experience the same cues equally in the same or separate physical spaces, but assistance provided can vary depending on user's goals. 		Multi-layered displays should adapt to user's goals and requirements by displaying the minimum layers at a time and using the most appropriate modality (haptics for those with hearing loss).						Representativeness of auditory cues to minimize mental workload, latency issues for immersion, reduce any nausea. Work in tandem with natural environment and people. Spatialization to easily distinguish sounds.		Virtual sound sources must be perceived as part of physical environment, but be distinguishable too.								Physical reality registration. Animating physical objects with sounds - not AR? Separate Training and Education use cases. Location based audio spatialization - understand how sound would behave in a specific location. Add entertainment use cases - selective concert goers - those not interested can choose an individual different audio display. Individual AAR is good but should not hinder ability to communicate with others in the immediate physical world, if not in a better way. AAR should not create individualized echo chambers - social collaboration must exist. Equity issue between those with access and those without.																		Convincing spatial display and interaction. Increased immersion.  Depends on the needs of the experience. Acceptable enough HRTFs and room acoustics so user do not immediately reject the image. Virtual space and real space should not completely contradict each other - unsolved.

				Drones flying overhead and providing auditory information through loudspeakers, traditional speakers in the real world, headphones with AAR acitvation button. Context driven.		Loudspeaker sounds provided to multiple users at a time can augment users' reality, but depends on their goal. Sounds may become noise, instead of signal, if not aligned with user's goals.								Convincing spatial display and interaction. Increased immersion.  Depends on the needs of the experience. Acceptable enough HRTFs and room acoustics so user do not immediately reject the image. Virtual space and real space should not completely contradict each other - unsolved.		Virtual sound sources must be perceived as part of physical environment, but be distinguishable from sound sources in the physical environment.		Auditory cues are sufficiently complex to be perceived as part of the real world, but simple enough for users to detect different streams of auditory channels, while still being able to differentiate them from physical real world sounds. (simplify this) 						immersion + define reality better for user, not fully change it,  not take away from it 																		When required, the auditory information can become part of the environmental sounds as a shared experience, but otherwise remain accessible to individuals that need it. Consider comfort and function trade offs.

				used with visual AR, make primary task easier, assist/enhhance experiences, social interaction.		Enhancement should be meaningful to the user's primary task. Audio cues should be easily recognized, be representative of something meaningful to the user. Allow for interaction with the real world.								When required, the auditory information can become part of the environmental sounds as a shared experience, but otherwise remain accessible to individuals that need it. Consider comfort and function trade offs.		Virtual sound sources must be perceived as part of physical environment, but be distinguishable from sound sources in the physical environment.								Drones flying overhead and providing auditory information through loudspeakers, traditional speakers in the real world, headphones with AAR acitvation button. Context driven.		Concert sounds, available to everyone, may become part of reality for users, and the audio may no longer be perceived as distinct from environmental sounds. Not AAR. Temporal aspect of pereceiving auditory information - reality is adaptive for the user?

				Mulitple layers of audio. Categorize based on complexity and context with primary task. Consider temporal aspect of layers since all layers are not available at the same time. Interaction dependent, complexity and context of sounds.		Multiple layers of audiotry displays - available based on location, not time (interaction dependent). Each layer should provide unique signals to assist in user's goal.																		Meaningful enhancement of the sounds of a physical spce by adding virtual information		Reduction of environmental sounds to aid in user's primary task. 		Transform noise from immediate physical reality to signals for users 														Spatialization/3D virtual audio appearing to come from a real source. Immersion can vary with context.

														Spatialization/3D virtual audio appearing to come from a real source. Immersion can vary with context.		Virtual sound sources must be perceived as part of physical environment, but be distinguishable from sound sources in the physical environment.								Bone conduction and Open back headphones (allows to real noise in in a natural manner). Feedback loop in shared environment since real world is altered. Binaural loud speakers in real world is AAR; the speakers can dominate real sounds in a small space though. Virtual sources can be more or less spread out based on speaker locations. Virtual and physical perspectives/images must match for satisfactory AAR experiences.																		Smaller, simpler. Understand environment. Separated instruments for tracking, sensing, displaying.

														Smaller, simpler. Understand environment. Separated instruments for tracking, sensing, displaying.		Separate channels to distinguish between multiple virtual sound sources. 								Spatialization for localization, transparency (compare elements of visual and auditory display - have similar and distinctive mapping between the elements) Example: temporal quality. fading sounds, blend with environemnt.		Cite 'diminishing reality' as counter argument.																Headphones inside ear or around ear to remain aware of outside environment. Bone conduction earphones but with better localization features; current BC are not good with exernalization or elevation 

														Headphones inside ear or around ear to remain aware of outside environment. Bone conduction earphones but with better localization features; current BC are not good with exernalization or elevation 		Added sense of immersion in alternate environment, yet perceiving the real physical environment.								Provide sense of belonging/collectivism, audio overlap visual informationt to improve focus, immersion equal to visual AR, omit noise from environment, interaction + immersion within real world.		Transforming environment sounds can be AAR - changing reality, or replacing a component of reality. Make audio distinct or different from reality																AAR is not hardware focused, unlike visual AR. Provide diff sense in conjuction with the real world. Any audio that does not interefere much and perceive some other information.

														AAR is not hardware focused, unlike visual AR. Provide diff sense in conjuction with the real world. Any audio that does not interefere much and perceive some other information.		Added sense of immersion in alternate environment, yet perceiving the real physical environment.								Adding keynote sounds to enhance our real soundscapes (office sounds when working from home, meditation), museum tours, virtual live concerts, video game experiences, affect modification, military+police+fire fighter training, mask or omit noise from environment, voice assistants.		Transform concert sounds to something else, or adapt/augment it to sounds better to the user, while retaining connectionto physical and social reality.																used with visual AR, make primary task easier, assist/enhhance experiences, social interaction.

														used with visual AR, make primary task easier, assist/enhhance experiences, social interaction.		Add to real world sounds, interact with the real world to enhance perceptions								No - 2; Yes - 2; Maybe -2. Yes, if only a single person can perceive the music coming from headphones or similar device, a live concert is not AAR because everyone can perceive real sound, and also because it is adding a layer of auditory information on top of the existing environmental sounds. Context driven.		Transformation to an extent, not completely take away from reality (noise)																immersion + define reality better for user, not fully change it,  not take away from it, 

														immersion + define reality better for user, not fully change it,  not take away from it, 		Added sense of immersion in alternate environment, yet perceiving the real physical environment.





Image 2

		As salient as visual cues;  spatialization  conform to the physical space. Multiple users can experience the same cues equally in the same or separate physical spaces.		Audio cues should be salient to easily distinguish from real world sounds. 		Added sense of immersion in alternate environment, yet perceiving the real physical environment.		Sense of an alternate environment 		Reduction of environmental sounds to aid in user's primary task. 		Transform noise from immediate physical reality to signals for users 

						Virtual sound sources must be perceived as part of physical environment, but be distinguishable too.

		Audio cues should be easily recognized, be representative of something meaningful to the user. Allow for interaction with the real world.								Transforming environment sounds can be AAR - changing reality, or replacing a component of reality. Make audio distinct or different from reality



						Separate channels to distinguish between multiple virtual sound sources. 



										Transform concert sounds to something else, or adapt/augment it to sounds better to the user, while retaining connectionto physical and social reality.







Final Taxonomy

				SENSE OF PRESENCE



				Sense of an alternate environment 						Engagement/Interaction with physical environment						Distinguishability from physical environment



				Added sense of immersion in alternate environment, yet perceiving the  physical environment.		Audio must be dependent on reality; meaningful enahncements to augment the physical environment				User should feel engaged with the auditory content added to their reality.		Augmentation of real world quantity to improve perception/knowldege/understanding of said quantity				Virtual sound sources must be perceived as part of physical environment, but be distinguishable from sound sources in the physical environment.		Separate channels to distinguish between multiple virtual sound sources. 

				ASSISTANCE PROVIDED 

				Meaningful Recognition						Available Saliency						User Context Driven



				Provide meaningful assistance in the  user's primary task		Must be easily recognized, or be representative of something meaningful to the user.				Saliency compared to sound sources in  the physical environment		Adaptive saliency in multi-layered displays to provide unique assistance from each layer				Cues may be available to multiple users, but without shared goals, assistance provided depends on each user's needs		Cues can become noise instead of signal, if not assisting the user's needs

				RELATION TO REALITY 

				Maintain connection to physical and social reality						Audio must adapt to be perceived distinctly from user's immediate reality						Transform noise from immediate physical reality to signals for users 



				Digital sounds added to environment while still perceiving environmental sounds		Maintain social aspect of reality to stay connected with other users 				Over time, cues must remain distinct from the physical environment		Temporal effect of auditory displays may cause user to redefine their physical reality over time				Replacing noise in the physical environment to signals for the user's needs		Reducing or eliminating noise from the physical environment sounds  

				Evaluation Method

				Sense of Presence

				Q1. How would you rate the feeling of being in an alternate environment? (0-9)

				Q2. How would you rate your ability to continue iteracting with the physical environment? (0-9)

				Q3. How would you rate the distinguishability of the AAR sounds from sounds in the physical environment? (0-9)

				Sense of Presence Score = {sum(Q1, Q2, Q3)/27}*100

				Range = 0-100

				Assistance Provided

				Q4. How would you rate the level of ease for recognizing and interpreting the meaning of the AAR sound? (0-9)

				Q5. How would you rate the usefulness of the AAR sound in terms of assisting you in your task? (0-9)

				Q6. How would you rate the ease of detecting the different AAR sounds? (0-9)

				Assistnace Provided Score = {sum(Q4, Q5, Q6)/27}*100

				Range = 0-100

				Relation to Reality

				Q7. How would you rate your level of awareness of your physical environment or other users in your physical environment when hearing the AAR sounds? (0-9)

				Q8. How would you rate the use of AAR sounds over listening to sounds from the physical environment? (0-9)

				Q9. How would you rate the ease of remaining aware of hearing different AAR sounds? (0-9)

				Assistnace Provided Score = {sum(Q7, Q8, Q9)/27}*100

				Range = 0-100

				Total AAR Score = [{sum(Q1, Q2, Q4, Q5, Q7, Q8) + avg(Q3, Q6, Q9)}/63]*100

				Range = 0-100





Final Taxonomy_v2.0

				WORLD CONNECTION																								MR Taxonomy - Immersion (alt env), Extent of World Knowledge (phy env), Coherence (dist phy env)



				ALTERNATE ENVIRONMENT						PHYSICAL ENVIRONMENT						DISTINGUISHABILITY

										Noun		Verb - try to make them similar/consistent

				Immersion in alternate environment		Overlap  physical features 				Interaction in physical environment 		Intepret physical environment better				Appear connected to the phsyical environment		Distinguish between virtual and real sources

				PERCEIVED ASSISTANCE 																								MR Taxonomy - No direct comparison

				Meaningful Recognition						SALIENCY						GOAL RELEVANCE		Relevance?



				Meaningful assistance		Representative recognition				Equally salient		Unique assistance				Individual vs. shared goals		Effectiveness of assistance

				REALITY DEPENDENCE																								MR Taxonomy - Extent of World Knowledge, Coherence

				SOCIAL IMPEDANCE		shared experiences - need another word				ADAPTABILITY						NOISE TRANSFORMATION		(Diminished/Altered reality)



				Extent of social collaboration		Equitable experiences				Temporal adaptation		Temporal distinction				Replace noise with signals		Enhance existing signals

				Start writing and explaining the taxonomy - add examples to better define each level

				Evaluation Method



				Sense of Connection

				Q1. How would you rate the feeling of being in an alternate environment? (NA, 1-10)

				Q2. How would you rate your ability to continue iteracting with the physical environment? (NA, 1-10)

				Q3. How would you rate the distinguishability of the AAR sounds from sounds in the physical environment? (NA, 1-10)

				Sense of Presence Score = {sum(Q1, Q2, Q3)/30}*100

				Range = 0-100

				Assistance Provided

				Q4. How would you rate the level of ease for recognizing and interpreting the meaning of the AAR sound? (NA, 1-10)

				Q5. How would you rate the usefulness of the AAR sound in terms of assisting you in your task? (NA, 1-10)

				Q6. How would you rate the ease of detecting the different AAR sounds? (NA, 1-10)

				Assistnace Provided Score = {sum(Q4, Q5, Q6)/30}*100

				Range = 0-100

				Relation to Reality

				Q7. How would you rate your level of awareness of your physical environment or other users in your physical environment when hearing the AAR sounds? (NA, 1-10)

				Q8. How would you rate the use of AAR sounds over listening to sounds from the physical environment? (NA, 1-10)

				Q9. How would you rate the ease of remaining aware of hearing different AAR sounds? (NA, 1-10)

				Assistnace Provided Score = {sum(Q7, Q8, Q9)/30}*100

				Range = 0-100

				Total AAR Score = [{sum(Q1, Q2, Q4, Q5, Q7, Q8) + avg(Q3, Q6, Q9)/70}]*100

				Range = 0-100





Final Taxonomy_v2.1

				SENSE OF CONNECTION																								MR Taxonomy - Immersion (alt env), Extent of World Knowledge (phy env), Coherence (dist phy env)



				Sense of alternate environment 						Sense of physical environment						Distinguishability



				Immersion in alternate environment		Overlap  physical features 				Interaction in physical environment 		Intepret physical environment better				Appear connected to the phsyical environment		Distinguish between virtual and real sources

				ASSISTANCE RECEIVED																								MR Taxonomy - No direct comparison

				Meaningful Recognition						Available Saliency						User Relevance



				Meaningful assistance		Representative recognition				Equally salient		Unique assistance				Individual vs. shared goals		Effectiveness of assistance

				USER REALITY																								MR Taxonomy - Extent of World Knowledge, Coherence

				Sociability						Adaptive Distinction						Transformation



				Extent of social collaboration		Equitable experiences				Temporal adaptation		Temporal distinction				Replace noise with signals		Enhance existing signals



				Evaluation Method



						Sense of Connection

				Q1.		I could sense an alternate environment easily. (0-10)		9

				Q2.		I could interact with the physical environment easily. (0-10)		9

				Q3.		The virtual and real sound sources blended well. (0-10) 		5

				Q4.		It was easy to distinguish between virtual and real sounds. (0-10)		8

						Sense of Connection Score = {sum(Q1,Q2,Q3,Q4)/40}*100		0.7045454545

						Assistance Received

				Q5.		The virtual sounds were assistive to my goals. (0-10)		8

				Q6.		The virtual sounds were relevant or related to my goals. (0-10)		8

				Q7.		All virtual sounds were easy to detect. (0-10)		8

				Q8.		All virtual sounds were assistive to my goals. (0-10)		7

						Assistance Received Score = {sum(Q4,Q5,Q6,Q7)/40}*100		0.7045454545

						User Reality Adapted

				Q9.		I felt connected to my social group? (0-10)		4

				Q10.		I could not hear any unwanted noise from the physical environment? (0-10) 		0				Table 1. AAR Heuristics

				Q11.		I continuously remained aware of the virtual sounds? (0-10)		8						Table 1. AAR Heuristics

				Q12.		The virtual sounds changed to accommodate my reality. (0-10).		4						Q1.		Does the audio provide a sense of presence in an alternate environment?		☐

						User Reality Adapted Score = {sum(Q9,Q10,Q11,Q12)/40}*100		0.3636363636						Q2.		Does the audio allow the user to maintain awareness and interaction with their physical environment?		☐

						Total AAR Score = [{sum(Q1,Q2,Q5,Q6,Q9,Q10) + (sum(Q3,Q4,Q7,Q8,Q11,Q12)/6)}/70]*100		0.6380952381						Q3.		Does the audio allow the user to easily distinguish between augmenting and real audio?		☐

														Q4.		Is the audio meaningful to the user and their goals?		☐

														Q5.		Is the audio helpful to the user and their goals?		☐

														Q6.		Is the audio sufficiently salient for the user and their goals?		☐

														Q7.		Is social interaction possible with the augmenting audio?		☐

														Q8.		At any point, is the augmentation based on transformation or enhancement of noise or signals, respectively, from the user’s immediate physical environment?		☐

														Q9.		Does the audio continuously adapt to the user’s immediate physical environment?		☐
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Microsoft_Excel_Worksheet1.xlsx
v1.0

		Paper		Keyword		Description		Use Case		Auditory Display Design		Form Factors		Additional Notes

		Vazquez-Alvarez, Y., Aylett, M. P., Brewster, S. A., Jungenfeld, R. V., & Virolainen, A. (2015). Designing interactions with multilevel auditory displays in mobile audio-augmented reality. ACM Transactions on Computer-Human Interaction (TOCHI), 23(1), 1-30.		AAR - Audio Augmented Reality		Action of superimposing virtual sound sources upon real-world objects		Visual attention compromised by real visual objects in the surrounding environment. Indoor space explorations - museums, art galleries.		Multilevel, segregated by physical location. On each level, audio is spatialized either egocentrically, or exocentrically.		Earphones for sound output, hand-held eyes-free clicker for sound selection or interaction, motion tracking through IR blaster and receiver, indoor mobile location



				Activation Zone		Physical location within which additional auditory information becomes available.

		Cavalcanti, V. C., de Santana Ferreira, M. I., Teichrieb, V., Barioni, R. R., Correia, W. F. M., & Da Gama, A. E. F. (2019). Usability and effects of text, image and audio feedback on exercise correction during augmented reality based motor rehabilitation. Computers & Graphics, 85, 100-110.		AR audio feedback		Auditory feedback played through speakers to provide corrective cues.		Indoor gamified motor rehabilatation exercises with auditory cues to provide correct movement.		Real time speaker output placed in front of user in AR guided rehabilatation application.		Speakers for sound output, motion tracking through Kinect device, static locaiton

		Sikora, M., Russo, M., Đerek, J., & Jurčević, A. (2018). Soundscape of an archaeological site recreated with audio augmented reality. ACM Transactions on Multimedia Computing, Communications, and Applications (TOMM), 14(3), 1-22.		AR		—it combines virtual and real contents, — the virtual content is associated with real-world information, —it runs interactively in 3D in real time		Soundscape recreation		Localized sounds played through headphones depending on their location in the site which was guided using a smartphone app		Smartphone, headphones

				Soundscape		the acoustic environment as perceived or experienced and/or understood by a person or people, in context

				Keynote sounds		Mostly background sounds such as wind, water, birds, insects

				Sound signals		Foreground sounds such as whistles, bells, horns

				Soundmarks		Sounds unique to a soundscape area

				Soundscape listening - holistic		General impression of the sonic environment

				Soundscape listening - attentive		Discerning particular sounds in the sonic enviornment

				Soundwalk		Subjective measure of immersion; questionnaire answered by participants after experiencing a soundscape covering aspects such as pleasantness, eventfulness, emotional state

		Krzyzaniak, M., Frohlich, D., & Jackson, P. J. (2019, September). Six types of audio that DEFY reality! A taxonomy of audio augmented reality with examples. In Proceedings of the 14th International Audio Mostly Conference: A Journey in Sound (pp. 160-167).		AAR		Audio Augmented Reality

				Enchantment		Adding meaningful sound to an object that would not otherwise make meaningful sound.		Enchanted paper/books/maps/sports equipment

				Blending		Combining digital sounds with the natural sounds of the environment to produce sound reinforcements		Karaoke

				Overlaying		Using audio to provide a user with additional information that is relevant to their current activity.		Conversational Agents, Self-guided museum tours

				Digital Sound-Objects		The treatment of digital sound as an ontological token, and placing it at a definite place in the physical world.		Sound attached to virtual objects in AR Games, Geolocated sound

				Realtime Digital Modification		Digitally modifying sounds of objects that are capable of producing their own acoustical sounds		In-ear translation, Electric guitar distortion pedals

				Telepresence		Using sound to merge two or more locations.		Telephone, Treadmill sound walks

		Heller, F., Jevanesan, J., Dietrich, P., & Borchers, J. (2016, September). Where are we? evaluating the current rendering fidelity of mobile audio augmented reality systems. In Proceedings of the 18th International Conference on Human-Computer Interaction with Mobile Devices and Services (pp. 278-282).		MAARS		Mobile Audio Augmented Reality Systems - head position and orientation tracking allows spatial audio rendering algorithms to place sound sources around the user's head and provides virtual audio overlayed over the physical space. 		Ability of end users to accurately localize virtual sound sources in a physical space.

				Localization performance		Ability to correctly localize virtual sound source while using a mobile system.

				General HRTF		Generalized Head Related Transfer Function that modifies a sound reaching the ear depending on its origin relative to the listener's head orientation.

		Vazquez-Alvarez, Y., Oakley, I., & Brewster, S. A. (2012). Auditory display design for exploration in mobile audio-augmented reality. Personal and Ubiquitous computing, 16(8), 987-999.		MAARE		Mobile Audio Augmented Reality Environment (Soundscape)		Outdoor audio augmented exploration through the use of 3D spatial earcons of a sound garden by measuring user behavior (walking speed, head movements, stopping instances)		Earcons presented in stereo, plain spatial audio (volume variation only to denote distance), 3D spatial audio (volume variation plus directional variation for full spatialization)		AC headphones, GPS sensor, head tracker (JAKE), mobile phone

				Exploration (User behavior)		Degree of immersion in a soundscape being measure by extent of exploration, or walking speed and head movements (stopping instances, scanning)

				Capture Radius/Proximity Zones		Region within which virtual sounds are activated for the listener

				3D Spatial audio		Using spatial audio through air conduction systems to provide audio cues to appear to emanate from different locations, which help to reduce overlapping of proximity zones, and improve localization

				Spatial audio		Sound that varies only by volume or listening level to denote distance from the user (no directional cues)

				Earcons		Non-speech animal sounds (keynote sounds) played in the background for each proximity zone.

		Heller, F., Krämer, A., & Borchers, J. (2014, April). Simplifying orientation measurement for mobile audio augmented reality applications. In Proceedings of the SIGCHI Conference on Human Factors in Computing Systems (pp. 615-624).		AAR		Audio Augmented Reality systems, overlaying the physical world with a virtual audio space.

				MAARS		Mobile Audio Augmented Reality Systems - head position and orientation tracking allows spatial audio rendering algorithms to place sound sources around the user's head and provides virtual audio overlayed over the physical space. 

				Spatial audio		Special filters applied to recorded audio signals, giving the impression of the sound emanating from a source in the physical space.

		Bolsteis, C., Chasanidou, D. (2018, October). Audio Augmented Reality in Public Transport for Exploring Tourist Sites.		Audio Augmented Reality		A mature subfield of mobile AR.		To present information to tourists in a user friendly way		Localized sounds played through the headset to the users, depending either on the path they are taking through some tourist site, or based on what points of intereset they may be near to.		Headphones

		Valimaki, V., Ramo, J. (2012, September). Digital Augmented Reality Audio Headset.		Augmented Reality		Real-time combination of real and virtual worlds.		No particular use case, mostly to research effectiveness of a particular technology. Some general use cases noted include communication, binaural telephony, audio teleconferences, and virtual audio tour guides.		Sounds played through the headset/headphones to the users, through the listening test, in order to determine how effective the headset is.		Headset/headphones

				Augmented Reality Audio (ARA)		Combines everyday surrounding sounds and virtual sounds in real time.

				Pseudo – acoustic environment		The copy of the surrounding sounds that have gone through the ARA headset.

				Pressure chamber principle		To enhance the low and middle frequencies of the audio.

				Binaural telephony		When the two ear-microphone signals from both users are transmitted to each other.

				Latency		The elapsed time between a stimulus and the response.

		B. Bederson, B. (1994, May). Audio Augmented Reality:
A Prototype Automated Tour Guide.		Augmented Reality		Uses computers to enhance the richness of the real world.		To create a tour guide for museum tourists that don't isolate them, while also being more user friendly and allowing for freedom of movement.		Sounds play through the system to the users based upon the location of the users in a museum and their proximity to certain pieces of the exhibit theirin.		A headset (with a random-access digital audio source, a microprocessor, and a custom infrared receiver)

						An attempt to combine our real world interactions with the richness of computational information without isolating people from each other.

		An experimental study of spatial sound usefulness in searching and navigating through AR environments. Dariusz Rumin ́ski1		AR		superimposing computer-generated content, such as interactive 2D and 3D multimedia objects, in real time, on a view of real objects.		Indoor virtual object finding		Spatial audio sources that increases in loudness as you get closer to the source, with sources playing simultaenously.		Headphones, remaining hardware devices unclear. Smartphone suspected. Software implementation used CARL to provide spatia audio in the AR environment.

				CARE		Contextual AR Environment

				CARL		Contextual AR Language

				Spatial Sound		3D Sound from virtual sources that varies with pitch and yaw angle between camera and object, as well as with distance and height of the camera from the center of the object.

		Albrecht, R., Lokki T., Savioja L. (2011, August). A Mobile Augmented Reality Audio System with Binaural Headphones		Hear-through AR		Allowing the user “to hear the surrounding acoustic environment while adding virtual sounds to the auditory perception”.		No particular use case, but potentially useful for virtual museum guides or a messaging application.		Sounds play through the system that are overlayed over the natural environment (through microphones added to the headphones) that allow for a less intrusive system.		Modified headphones with microphones attached to them.

				The Occlusion Effect		The amplification of low frequency sounds conducted through bone and tissue, which comes from the ear canals.

				Pure AR Applications		“Where the real environment is augmented with virtual objects, which depend on the real environment and add information related to it.”

		Lawton, M., Cunningham, S., & Convery, I. (2020, September). Nature soundscapes: an audio augmented reality experience. In Proceedings of the 15th International Conference on Audio Mostly (pp. 85-92).		Static Experience		Participant is static, and sound plays around them.		Generate awareness about species conservation by recreating nature sounscapes using AAR. Static experience created by using speakers in four corners in a forest clearing that can be heard by multiple people within that area. 		Single level 4 loud speaker system providing shared experiences.		Four channel loud speaker, each capable of producing indepedant sounds. Physically connected through wires, tied to the audio interface system.

				In Motion Experience		Sound sources are fixed in the environment and used to guide participants as they move through a trail.								Shared experience, include in taxonomy v2.0

				SAMR (Substitution, Augmentation, Modification, Redefinition)		Framework to evaluate the adoption of technology in an educational context

		Boletsis, C., Chasanidou, D. (2018, October). Audio Augmented Reality in Public Transport for Exploring Tourist Sites.		Audio Augmented Reality		A mature subfield of AR.		Used in part of tour guide system alongside public transportation.		Headset system that plays out information when around points of interest.		Headset system.

		POST FOCUS GROUPS

		Kiefer, C., & Chevalier, C. (n.d.). Towards New Modes of Collective Musical Expression through Audio Augmented Reality. 4.		Audio Augmented Reality		realtime computational mediation of sound perception, mixing live digitally processed sound with real environmental sound		Musical Experiences with a collective audience		Compression of upper-mid frequencies to amplify breath and bodily sounds		BC headset with microphone and phone app, and paraolic acoustic reflector installation (x2)

				Instrumentness		way in which a musical instrument is controlled and conceptiualized as a medium for creative action, as a feedback loop between interface, software and audience creative expression				Spatialization of upper-mid frequencies using different band-pass filtered reverbs in each ear				Primarily an individual experience, but audio AR can become a collective experience by expanding the acoustic environment, increasing immersion, and realizing a safer environment that puts users at ease.

				Collectiveness		Sense of belonging and generating sounds with a group

		Yang, J., Mattern, M. (2019, September). Audio Augmented Reality for Human-Object Interactions		3D Sounds		sounds that are spatialized virtually but are perceived as originating from real locations in the space		Various (sound localization in particular, but references to musuem experiences, redirect user attention, provide notifications, create new music experiences, etc.)		Heaset system that plays synthesized audio of certain objects in the user's field.		Over ear headphones, environment cameras, head mounted cameras, magnetic/radio frequency modules, or headphone integrated motion sensors

		Moustakas, N., Rovithis, E., Vogklis, K., Floros, A. (2020, October). Adaptive Audio Mixing for Enhancing Immersion in Augmented Reality Audio Games		Augmented Reality (AR)		“a field comprising technologies that allow for the enhancement of the real world with virtual audiovisual information, thus shaping highly immersive ways of interaction between users and their surroundings.”		Mobile game purposes, both in oustide and indoor environments		Computer and headset system where audio would play from a certain direction that the user would have to identify.		The use of a handheld mobile system, a computer system, and a Philips SHN2500 headsets.

				Audio Games (AG)		“Are electronic games that utilize sound, and more specifically data sonification techniques, in order to represent all aspects of their content, including space, mechanics, plot, narration, setup, and feedback.”





v2.0

						Audio																																																														Augmented Reality

		Soundscape - the acoustic environment as perceived or experienced and/or understood by a person or people, in context		Keynote sounds - Mostly background sounds such as wind, water, birds, insects		Sound signals - Foreground sounds such as whistles, bells, horns; sounds unique to a soundscape area		Soundwalk - Subjective measure of immersion		Enchantment - Adding meaningful sound to an object that would not otherwise make meaningful sound.		Blending - Combining digital sounds with the natural sounds of the environment to produce sound reinforcements		Overlaying - Using audio to provide a user with additional information that is relevant to their current activity.																																																				combine real world richness with richness of compuational information without isolating poeple from each other		combines virtual and real content		virtual content interacts with the physical in real time		real-time combination of real and virtual worlds

																																Audio to Augment Your Reality (AAYR)

						Definitions																																Use cases																																		Form Factors																		Users



		Action of superimposing virtual sound sources upon real world objects (in real time that does not obscure "the real world")		Auditory feedback played through speakers to provide corrective cues.		Ability to correctly localize virtual sound source while using a mobile system.		Mobile audio augmented system capable of tracking head position and orientation to place sound sources around the user's head to provide virtual audio overlayed over the physical space		Immersion in a sounscape to measure extent of exploration, or walking speed and head movements (stopping instances, scanning)		A mature subfield of mobile AR		An interception and manipulation of auditory information to alter users' perceptions		Use of audio to supplent the real primary environment by altering/enhancing the perception of an item/situation		Sonification of real-world environment (e.g. driving, walking) rather then sonification of pre-obtained data.		Audio can be implemented in web based environments in a spatial way, to make an auditory experience more immersive.		A new type of adaptive music format that does not take your focus away for reality but plays with together with it.		Auto translation of verbal information or communication around the user.				Indoor space exploration - museum, art gallery		Indoor gamified motor rehabilatation exercises with auditory cues to provide correct movement.		Outdoor exploration of a physical space guided through earcons presented in spatial audio		Tourist guidance system		Soundscape recreation of an alternate physical space		Sound attached to virtual objects in AR		Karoake - modifying natural sound by combining with virtual sounds to reinforce the natural sounds.		Phone call; connecting remote destination through sounds. Generally just communication among individuals (which could be extend to real time language translation)		In ear translation of viewed text or speech		Adding non-speech sounds to inanimate objects like a book, map, sports equipment		Public transportation (information about route/day)		Darkroom photography (though fairly obsolete now)		Military uses - especially with respect to training		Vehicle repair companies and garages (helping individuals in finding certain unvisible objects)		Operation room with medical uses and surgical devices		Wayfinding or GPS navigation/guidance system (not just for cars, could be useful in flight systems or for bicyclists and pedestrians)		Formal and informal learning environments (could be in a school or even at an art gallery/museum)		Data analysis		Remote music festival or soundwalk artworks				Earphones for sound output, hand held eyes-free device to cycle through sounds. Motion tracking through IR blaster; indoor use only.		Speakers for sound output. Static motion tracked with Kinect		Smarphone, earphones		Headphones, head tracker, GPS, smartphone		Bone/air conduction headphones		Medical/surgical devices		Environments with the soudscape manipulated or overlayed		Bracelet, hat, glasses, necklace or other haptic gadgets 				Visually impared people		Individuals with multitasking responsibilities/tasks		People resbonsible for life/death critical situations 		Seniors		Ushers/theater technicians		Musicians/Artists		Athletes who need to focus on their visison but would benefit from an audio layer		Musuem tourists		Emergency responders, search and rescue
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		Audio				Audio Augmented Reality (AAR)				Definitions				Use cases				Form Factors				Users

		Soundscape - the acoustic environment as perceived or experienced and/or understood by a person or people, in context								Action of superimposing virtual sound sources upon real world objects in real time				Indoor/outdoor exploration - museum, art gallery (tourist guidance system)				Earphones; hand held device to cycle through sounds; motion tracking through IR blaster.				Visually impared or those with other disabilities

		Keynote sounds - Mostly background sounds such as wind, water, birds, insects								Auditory feedback played through speakers to provide corrective cues.				Soundscape recreation of an alternate physical space				Speakers for sound output. Static motion tracked with Kinect				Individuals with multitasking responsibilities/tasks

		Sound signals - Foreground sounds such as whistles, bells, horns; sounds unique to a soundscape area								Mobile audio augmented system that tracks head position/orientation to place sound sources around the user to provide virtual audio overlayed over the physical space				Remote music festival or soundwalk artworks				Headphones, head tracker, GPS, smartphone				People resbonsible for life/death critical situations 

		Soundwalk - Subjective measure of immersion								Immersion in a sounscape to measure extent of exploration, or walking speed and head movements (stopping instances, scanning)				Feedback/Warning signals				Bone/air conduction headphones				Senior citizens

		Enchantment - Adding meaningful sound to an object that would not otherwise make meaningful sound.								An interception and manipulation of auditory information to alter users' perceptions				Public transportation (information about route/day)				Medical/surgical devices				Workers in dimly lit environments (ushers, photographers, firefighters)

		Blending - Combining digital sounds with the natural sounds of the environment to produce sound reinforcements								Use of audio to supplent the real primary environment by altering/enhancing the perception of an item/situation				Wayfinding/GPS navigation (not just for cars, but also flight systems or bicyclists and pedestrians)				Environments with the soudscape manipulated or overlayed				Musicians/Artists

		Overlaying - Using audio to provide a user with additional information that is relevant to their current activity.								Sonification of real-world environment (e.g. driving, walking) rather then sonification of pre-obtained data.				Adding non-speech sounds to inanimate objects like a book, map, sports equipment				Bracelet, hat, glasses, necklace or other haptic gadgets 				Athletes who need to focus on their vison but would benefit from an audio layer

										Digitally generated audio on top of reality				Formal and informal learning environments (could be in a school or even at an art gallery/museum)				Shareable device to pass back and forth to share the AR sound				Musuem tourists

		Augmented Reality								Part of a multisensory augmented reality system				Military uses - especially with respect to training								Emergency responders, search and rescue

		Combine real world richness with richness of compuational information without isolating poeple from each other								Spatial audio that does not require a massive and expensive system				Operation room with medical uses and surgical devices

		Combines virtual and real content								Display more detailed information of the environment using audio in a shared auditory environment				Indoor gamified motor rehabilatation exercises with auditory cues to provide correct movement.

		Virtual content interacts with the physical in real time								Interception and manipulation of auditory information to alter user's perceptions				Vehicle repair companies and garages (helping individuals in finding certain unvisible objects)

		Real-time combination of real and virtual worlds												In ear translation of viewed text or speech

														Karaoke - modifying natural sound by combining with virtual sounds to reinforce the natural sounds.













































v2.2 Ext.

		Audio				Audio Augmented Reality (AAR)				Definitions		Use cases		Form Factors		Users

		Soundscape - the acoustic environment as perceived or experienced and/or understood by a person or people, in context								Action of superimposing virtual sound sources upon real world objects in real time		-In ear translation of viewed text or speech
-Military uses - especially with respect to training
-Wayfinding/GPS navigation (not just for cars, but also flight systems or bicyclists and pedestrians)
-Feedback/Warning signals		-Earphones; hand held device to cycle through sounds; motion tracking through IR blaster.
-Speakers for sound output. Static motion tracked with Kinect
-Headphones, head tracker, GPS, smartphone
-Bone/air conduction headphones
-Bracelet, hat, glasses, necklace or other haptic gadgets 		-Visually impared or those with other disabilities
-Individuals with multitasking responsibilities/tasks
-People resbonsible for life/death critical situations 

		Keynote sounds - Mostly background sounds such as wind, water, birds, insects								Auditory feedback played through speakers to provide corrective cues.		-Feedback/Warning signals
-Wayfinding/GPS navigation (not just for cars, but also flight systems or bicyclists and pedestrians)		-Earphones; hand held device to cycle through sounds; motion tracking through IR blaster.
-Bone/air conduction headphones
-Bracelet, hat, glasses, necklace or other haptic gadgets 		-People resbonsible for life/death critical situations 
-Workers in dimly lit environments (ushers, photographers, firefighters)
-Emergency responders, search and rescue

		Sound signals - Foreground sounds such as whistles, bells, horns; sounds unique to a soundscape area								Mobile audio augmented system that tracks head position/orientation to place sound sources around the user to provide virtual audio overlayed over the physical space		-Indoor/outdoor exploration - museum, art gallery (tourist guidance system)
-Soundscape recreation of an alternate physical space
-Remote music festival or soundwalk artworks
-Military uses - especially with respect to training		-Earphones; hand held device to cycle through sounds; motion tracking through IR blaster.
-Speakers for sound output. Static motion tracked with Kinect
-Headphones, head tracker, GPS, smartphone
-Bone/air conduction headphones
-Environments with the soudscape manipulated or overlayed
-Bracelet, hat, glasses, necklace or other haptic gadgets 
 		-Visually impared or those with other disabilities
-Senior citizens
-Workers in dimly lit environments (ushers, photographers, firefighters)
-Musicians/Artists
-Musuem tourists
 

		Soundwalk - Subjective measure of immersion								Immersion in a sounscape to measure extent of exploration, or walking speed and head movements (stopping instances, scanning)		-Soundscape recreation of an alternate physical space
-Wayfinding/GPS navigation (not just for cars, but also flight systems or bicyclists and pedestrians)
-Indoor gamified motor rehabilatation exercises with auditory cues to provide correct movement.		-Earphones; hand held device to cycle through sounds; motion tracking through IR blaster.
-Speakers for sound output. Static motion tracked with Kinect
-Headphones, head tracker, GPS, smartphone		-Athletes who need to focus on their vison but would benefit from an audio layer
-Emergency responders, search and rescue

		Enchantment - Adding meaningful sound to an object that would not otherwise make meaningful sound.								An interception and manipulation of auditory information to alter users' perceptions		-Soundscape recreation of an alternate physical space
-Remote music festival or soundwalk artworks
-Adding non-speech sounds to inanimate objects like a book, map, sports equipment		-Earphones; hand held device to cycle through sounds; motion tracking through IR blaster.
-Bone/air conduction headphones
-Environments with the soudscape manipulated or overlayed
-Bracelet, hat, glasses, necklace or other haptic gadgets 
-Shareable device to pass back and forth to share the AR sound 		-Musicians/Artists
-Musuem tourists

		Blending - Combining digital sounds with the natural sounds of the environment to produce sound reinforcements								Use of audio to supplent the real primary environment by altering/enhancing the perception of an item/situation		-Indoor/outdoor exploration - museum, art gallery (tourist guidance system)
-Soundscape recreation of an alternate physical space
-Remote music festival or soundwalk artworks
-Military uses - especially with respect to training
-Wayfinding/GPS navigation (not just for cars, but also flight systems or bicyclists and pedestrians)
-Adding non-speech sounds to inanimate objects like a book, map, sports equipment
-Formal and informal learning environments (could be in a school or even at an art gallery/museum)
-Operation room with medical uses and surgical devices
-Vehicle repair companies and garages (helping individuals in finding certain unvisible objects)		-Earphones; hand held device to cycle through sounds; motion tracking through IR blaster.
-Speakers for sound output. Static motion tracked with Kinect
-Headphones, head tracker, GPS, smartphone
-Bone/air conduction headphones
-Medical/surgical devices
-Environments with the soudscape manipulated or overlayed
-Bracelet, hat, glasses, necklace or other haptic gadgets 		-Visually impared or those with other disabilities
-Individuals with multitasking responsibilities/tasks
-Senior citizens
-Workers in dimly lit environments (ushers, photographers, firefighters)
-Emergency responders, search and rescue 

		Overlaying - Using audio to provide a user with additional information that is relevant to their current activity.								Sonification of real-world environment (e.g. driving, walking) rather then sonification of pre-obtained data.		-Remote music festival or soundwalk artworks
-Feedback/Warning signals
-Wayfinding/GPS navigation (not just for cars, but also flight systems or bicyclists and pedestrians)
-Operation room with medical uses and surgical devices
-Karaoke - modifying natural sound by combining with virtual sounds to reinforce the natural sounds.		-Shareable device to pass back and forth to share the AR sound
-Bracelet, hat, glasses, necklace or other haptic gadgets 
-Bone/air conduction headphones
-Headphones, head tracker, GPS, smartphone
-Speakers for sound output. Static motion tracked with Kinect
-Earphones; hand held device to cycle through sounds; motion tracking through IR blaster.		-Musicians/Artists
-Musuem tourists
-Visually impared or those with other disabilities
-Workers in dimly lit environments (ushers, photographers, firefighters)

										Sonification of real-world environment (e.g. driving, walking) rather then sonification of pre-obtained data.		-Indoor/outdoor exploration - museum, art gallery (tourist guidance system)
-Feedback/Warning signals
-Public transportation (information about route/day)
-Wayfinding/GPS navigation (not just for cars, but also flight systems or bicyclists and pedestrians)
-Adding non-speech sounds to inanimate objects like a book, map, sports equipment
-Formal and informal learning environments (could be in a school or even at an art gallery/museum)
-Military uses - especially with respect to training
-Operation room with medical uses and surgical devices
-Indoor gamified motor rehabilatation exercises with auditory cues to provide correct movement.
-Vehicle repair companies and garages (helping individuals in finding certain unvisible objects)
-In ear translation of viewed text or speech
-Karaoke - modifying natural sound by combining with virtual sounds to reinforce the natural sounds.		-Earphones; hand held device to cycle through sounds; motion tracking through IR blaster.
-Speakers for sound output. Static motion tracked with Kinect-Headphones, head tracker, GPS, smartphone
-Bone/air conduction headphones
-Medical/surgical devices
-Environments with the soudscape manipulated or overlayed
-Bracelet, hat, glasses, necklace or other haptic gadgets 
-Shareable device to pass back and forth to share the AR sound		-Visually impared or those with other disabilities
-Individuals with multitasking responsibilities/tasks
-People resbonsible for life/death critical situations
-Senior citizens
-Workers in dimly lit environments (ushers, photographers, firefighters)
-Musicians/Artists
-Athletes who need to focus on their vison but would benefit from an audio layer
-Musuem tourists
-Emergency responders, search and rescue 

		Augmented Reality								Part of a multisensory augmented reality system		-Indoor/outdoor exploration - museum, art gallery (tourist guidance system)
-Soundscape recreation of an alternate physical space
-Remote music festival or soundwalk artworks
-Karaoke - modifying natural sound by combining with virtual sounds to reinforce the natural sounds.		-Earphones; hand held device to cycle through sounds; motion tracking through IR blaster.
-Speakers for sound output. Static motion tracked with Kinect
-Bone/air conduction headphones
-Environments with the soudscape manipulated or overlayed
-Bracelet, hat, glasses, necklace or other haptic gadgets 
-Shareable device to pass back and forth to share the AR sound		-Musicians/Artists
-Musuem tourists

		Combine real world richness with richness of compuational information without isolating poeple from each other								Spatial audio that does not require a massive and expensive system		-Feedback/Warning signals
-Public transportation (information about route/day)
-Wayfinding/GPS navigation (not just for cars, but also flight systems or bicyclists and pedestrians)
-Adding non-speech sounds to inanimate objects like a book, map, sports equipment
-Vehicle repair companies and garages (helping individuals in finding certain unvisible objects)
-Karaoke - modifying natural sound by combining with virtual sounds to reinforce the natural sounds.		-Earphones; hand held device to cycle through sounds; motion tracking through IR blaster.
-Speakers for sound output. Static motion tracked with Kinect
-Headphones, head tracker, GPS, smartphone
-Bone/air conduction headphones
-Bracelet, hat, glasses, necklace or other haptic gadgets 
-Shareable device to pass back and forth to share the AR sound		-Individuals with multitasking responsibilities/tasks
-Musicians/Artists
-Athletes who need to focus on their vison but would benefit from an audio layer

		Combines virtual and real content								Display more detailed information of the environment using audio in a shared auditory environment		-Feedback/Warning signals
-Public transportation (information about route/day)
-Wayfinding/GPS navigation (not just for cars, but also flight systems or bicyclists and pedestrians).
-Adding non-speech sounds to inanimate objects like a book, map, sports equipment
-Formal and informal learning environments (could be in a school or even at an art gallery/museum)
-Operation room with medical uses and surgical devices
-Vehicle repair companies and garages (helping individuals in finding certain unvisible objects)
-In ear translation of viewed text or speech		-Earphones; hand held device to cycle through sounds; motion tracking through IR blaster.
-Speakers for sound output. Static motion tracked with Kinect
-Headphones, head tracker, GPS, smartphone
-Bone/air conduction headphones
-Medical/surgical devices
-Bracelet, hat, glasses, necklace or other haptic gadgets 		-Visually impared or those with other disabilities
-Individuals with multitasking responsibilities/tasks
-People resbonsible for life/death critical situations 
-Senior citizens
-Workers in dimly lit environments (ushers, photographers, firefighters)
-Emergency responders, search and rescue

		Virtual content interacts with the physical in real time								Interception and manipulation of auditory information to alter user's perceptions		-Indoor/outdoor exploration - museum, art gallery (tourist guidance system)
-Soundscape recreation of an alternate physical space
-Remote music festival or soundwalk artworks
-Indoor gamified motor rehabilatation exercises with auditory cues to provide correct movement.
-Karaoke - modifying natural sound by combining with virtual sounds to reinforce the natural sounds.		-Earphones; hand held device to cycle through sounds; motion tracking through IR blaster.
-Speakers for sound output. Static motion tracked with Kinect
-Bone/air conduction headphones
-Environments with the soudscape manipulated or overlayed
-Bracelet, hat, glasses, necklace or other haptic gadgets 
-Shareable device to pass back and forth to share the AR sound		-Visually impared or those with other disabilities
-Senior citizens
-Workers in dimly lit environments (ushers, photographers, firefighters)
-Musicians/Artists
-Athletes who need to focus on their vison but would benefit from an audio layer
-Musuem tourists
-Emergency responders, search and rescue

		Real-time combination of real and virtual worlds



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































v2.2 Sim.

		Audio				Audio Augmented Reality (AAR)

		Soundscape - the acoustic environment as perceived or experienced and/or understood by a person or people, in context

		Keynote sounds - Mostly background sounds such as wind, water, birds, insects

		Sound signals - Foreground sounds such as whistles, bells, horns; sounds unique to a soundscape area

		Soundwalk - Subjective measure of immersion								Definitions		Use Cases		Users		Context		Form Factors

		Enchantment - Adding meaningful sound to an object that would not otherwise make meaningful sound.								Action of superimposing virtual sound sources upon real world objects in real time		Training scenarios		Military personnel, police academies, surgeons or medical professionals, firefighters, driving or flying school students, athletes		Training purposes where the user is required to perform focused tasks with possible distractions of varying intensity, or where the costs of making errors can be fatal. Simulation of potentially dangerous scenarios where increased immersion through audio leads to higher ecological validity.		Earphones (AC or BC), speakers, spatialized audio, wearables, shareable devices, minimal hardware, uninterrupted power supply

		Blending - Combining digital sounds with the natural sounds of the environment to produce sound reinforcements								An interception and manipulation of auditory information to alter users' perceptions		Wayfinding/GPS navigation - indoor or outdoor		Tourists in a foreign country/location, visitors at an unfamiliar building, hospital staff members, mall visitors, visually impaired individuals, auditoryily impared individuals, HUD displays for drivers		Any form of navigation task irrespective of scale where users benefit from receiving real time virtual auditory cues so that their cognitive workload is reduced to allow for a more pleasant experience with their immediate physical environment as they navigate from point A to B.		Earphones (AC or BC), spatialized audio, hand held device, head tracker, seamless interaction, long battery life, easy activation/deactivation

		Overlaying - Using audio to provide a user with additional information that is relevant to their current activity.								Mobile audio augmented system that tracks head position/orientation to place sound sources around the user to provide virtual audio overlayed over the physical space		Feedback/Warning signals		Novice/proficient factory workers, nuclear power plant workers, vigilant task workers, multitaskers, EMS workers, workers in poorly lit environments		Instances where dual/multi task performance benefits from audio-visual cues versus visual-visual cues. It can represent high stress scenarios or where redundancy is important to avoid user error.		Earphones (BC), speakers, head tracker, gaze tracker, minimal harware, seamless interaction, uninterrupted power supply

										Use of audio to supplent the real primary environment by altering/enhancing the perception of an item/situation		Soundscape recreation of an alternate physical space		Simulation attendees, safari/outdoor explorers, office workers, writers, aritsts, museum/movie goers, young adults		Recreational activities such as museum tours, aquariums, safaris, movies, music festivals, karoake. Situations where a heightened sense of immersion thrugh audio leads to a greater user experience, or provides users with a sense of being present in a different space or time while still interacting with their immediate physical environment. Could be outdoors or indoors.		Earphones (AC or BC), speakers, spatialized audio, head tracker, GPS tracker, seamless interaction, long battery life

		Augmented Reality								Sonification of real-world environment (e.g. driving, walking) rather then sonification of pre-obtained data.		VR sound application		Young adults, individuals seeking high immersion, simulation attendees		Enhancing VR based immersive experiences using virtual audio to create an endless number of simulations potentially allowing for true MR (mixed reality)		Earphones (AC or BC), speakers, spatialized audio, head worn device, seamless interaction, minimal hadrware, uninterrupted power supply

		Combine real world richness with richness of compuational information without isolating poeple from each other								Audio working in conjunction with visual AR to asist in some primary task		Animating physical items with virtual sounds		Older adults, exploration enthusiasts		Embedding virtual sound sources to static objects in the physical environments to allow for easy object finding. For example, using auditory icons or earcons to allow for easy navigation or object finding.		Earphones (AC or BC), hand held device, seamless interaction, easy activation/deactivation

		Combines virtual and real content								Digitally generated audio on top of reality to add to it, but not take away from it		Noise Masking, visual object detection and description		Construction workers, military personnel, writers, artists, musicians		Users that would benefit from removing layers of sound (instead of adding) from the physical environment to create a safer or more productive working environment.		Earphones (AC), GPS tracker, shareable devices, long battery life, easy activation/deactivation

		Virtual content interacts with the physical in real time

		Real-time combination of real and virtual worlds

		Perceiving and interacting with more than what is present in reality

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































v3.0

		Audio Augmented Reality (AAR)

		Augmented Reality		Definitions		Use Cases		Users		Context		Form Factors

		Virtual content interacts with the physical in real time		Action of superimposing virtual sound sources upon real world objects in real time		Training scenarios		Military personnel, police academies, surgeons or medical professionals, firefighters, driving or flying school students, athletes		Training purposes where the user is required to perform focused tasks with possible distractions of varying intensity, or where the costs of making errors can be fatal. Simulation of potentially dangerous scenarios where increased immersion through audio leads to higher ecological validity.		Earphones (AC or BC), speakers, spatialized audio, wearables, shareable devices, minimal hardware, uninterrupted power supply

		Perceiving and interacting with more than what is present in reality		An interception and manipulation of auditory information to alter users' perceptions		Wayfinding/GPS navigation - indoor or outdoor		Tourists in a foreign country/location, visitors at an unfamiliar building, hospital staff members, mall visitors, visually impaired individuals, auditoryily impared individuals, HUD displays for drivers		Any form of navigation task irrespective of scale where users benefit from receiving real time virtual auditory cues so that their cognitive workload is reduced to allow for a more pleasant experience with their immediate physical environment as they navigate from point A to B.		Earphones (AC or BC), spatialized audio, hand held device, head tracker, seamless interaction, long battery life, easy activation/deactivation

				Mobile audio augmented system that tracks head position/orientation to place sound sources around the user to provide virtual audio overlayed over the physical space		Feedback/Warning signals		Novice/proficient factory workers, nuclear power plant workers, vigilant task workers, multitaskers, EMS workers, workers in poorly lit environments		Instances where dual/multi task performance benefits from audio-visual cues versus visual-visual cues. It can represent high stress scenarios or where redundancy is important to avoid user error.		Earphones (BC), speakers, head tracker, gaze tracker, minimal harware, seamless interaction, uninterrupted power supply

		Combine real world richness with richness of compuational information without isolating poeple from each other		Use of audio to supplent the real primary environment by altering/enhancing the perception of an item/situation		Soundscape recreation of an alternate physical space		Simulation attendees, safari/outdoor explorers, office workers, writers, aritsts, museum/movie goers, young adults		Recreational activities such as museum tours, aquariums, safaris, movies, music festivals, karoake. Situations where a heightened sense of immersion thrugh audio leads to a greater user experience, or provides users with a sense of being present in a different space or time while still interacting with their immediate physical environment. Could be outdoors or indoors.		Earphones (AC or BC), speakers, spatialized audio, head tracker, GPS tracker, seamless interaction, long battery life

		Real-time combination of real and virtual worlds		Sonification of real-world environment (e.g. driving, walking) rather then sonification of pre-obtained data.		VR sound application		Young adults, individuals seeking high immersion, simulation attendees		Enhancing VR based immersive experiences using virtual audio to create an endless number of simulations potentially allowing for true MR (mixed reality)		Earphones (AC or BC), speakers, spatialized audio, head worn device, seamless interaction, minimal hadrware, uninterrupted power supply

		Combines virtual and real content		Audio working in conjunction with visual AR to asist in some primary task		Animating physical items with virtual sounds		Older adults, exploration enthusiasts		Embedding virtual sound sources to static objects in the physical environments to allow for easy object finding. For example, using auditory icons or earcons to allow for easy navigation or object finding.		Earphones (AC or BC), hand held device, seamless interaction, easy activation/deactivation

				Digitally generated audio on top of reality to add to it, but not take away from it		Noise Masking, visual object detection/description		Construction workers, military personnel, writers, artists, musicians		Users that would benefit from removing layers of sound (instead of adding) from the physical environment to create a safer or more productive working environment.		Earphones (AC), GPS tracker, shareable devices, long battery life, easy activation/deactivation

		Definitions Within Audio

		Soundscape		Keynote Sounds		Sound signals		Soundwalk		Enchantment		Blending		Overlaying

		the acoustic environment as perceived or experienced and/or understood by a person or people, in context		Mostly background sounds such as wind, water, birds, insects		Foreground sounds such as whistles, bells, horns; sounds unique to a soundscape area		Subjective measure of immersion		Adding meaningful sound to an object that would not otherwise make meaningful sound.		Combining digital sounds with the natural sounds of the environment to produce sound reinforcements		Using audio to provide a user with additional information that is relevant to their current activity.



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































v3.0s

		Audio Augmented Reality (AAR) - Simple

		Dimensions		Definitions		Use Cases		Users		Context		Form Factors

		Customization		Digitally generated audio on top of reality to add to it, not take from it		Noise Masking, visual object detection, animating physical items with virtual sounds, VR sound applications		Construction workers, military personnel, writers, artists, musicians, older adults, young adults, exploration enthusaists		Users that would benefit from removing layers of sound from the physical environment, like to create a safer or more productive working environment. Could also be used for enhancing VR based immersive experiences with virtual audio. Or could be used for object finding, which would involve virtual sound sources to statif objects or locations.		Earphones (AC), GPS tracker, shareable devices, long battery life, easy activation/deactivation, hand held device, spatialized audio, speakers, minimal hardware, seamless interaction, uninterupted power supply

		Immersion		Use of audio to supplent the real primary environment by enhancing the perception of a situation		Soundscape recreation of an alternate physical space, training scenarios		Simulation attendees, outdoor explorers, office workers, writers, aritsts, museum/movie goers, young adults, military/police personnel, medical professionals, firefighters		Recreational situations where heightened audio immersion leads to greater user experience and provides a sense of presence in a different space or time, but still allowing for interaction with the physical environment. It could also be used in training purposes where the user performs focused tasks with distractions of varying intensity, or where errors can be fatal.		Earphones, speakers, spatialized audio, head tracker, GPS tracker, seamless interaction, long battery life, minimal hardware, wearables

		User Context		A manipulation of auditory information to alter users' perceptions		Wayfinding/GPS navigation, feedback/warning signals		Tourists/visitors, hospital staff members, visually/auditorily impaired individuals, drivers, factory/power plant/EMS workers, vigilant task workers, multitaskers, workers in poorly lit environments		Navigation tasks where real time virtual auditory cues could be helpful so that their cognitive workload is reduced. When multi task performance benefits from audio-visual cues versus visual-visual cues. High stress scenarios or where redundancy is important to avoid user error.		Earphones, spatialized audio, hand held device, head tracker, seamless interaction, easy activation/deactivation, minimal hardwear, speakers





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































EI1

		Name: Dr. Iain McGregor (Audio expert) - Lecturer in Sound Design at Edinburgh University, since 1988

		Question

		What is your understanding of AR?		AR is, if we think of MR being in between, then AR is augmenting the real world and that we are overlaying onto the physical world. Weve been doing it for arguably 1000s, or 10000s of years. If someones read a story to you, then you've experienced AR. So too through music, the radio, podcasts. It is continued through your phone, where you visualize through that.		Overlay

		Do you think listening to music, through loudspeakers or earphones, can be considered an example of augmented reality (audio in AR)?		Yes.		Confidently Yes

		According to you, what are the requirements for sound to be considered an application of audio augmenting your reality (AAYR)?

		Which use cases or scenarios, do you think, will benefit users the most as an application of AAYR?		Every scenario I am working on (hospital, entertainment, interaction, ...) applies. There isn't a scenario that does not benefit from Audio AR, even those that are deaf.
For the deaf - there is no such thing as completely deaf. It's more a case of where the frequencies/perception become more inefficient such that they can't experience it. They can still feel the physical vibrations, and you can use loudspearkers has haptic devices. I am working on a system for those who are deaf to edit podcasts? so we need to change the pitch into a haptic range so that they can feel the haptic range.
There isn't a scenario it does not apply to.		Haptic feedback can be consdiered AAR. Lower than 20 Hz can be felt, but not heard. Dependent on user task.

		Can you discuss which users in particular might benefit the most in their respective scenarios from AAYR?				Could be everyone, even deaf persons.

		In terms of auditory displays, which is the most important aspect, with respect to human hearing, for providing information? (ego vs exo-centric display, spatialized vs non-spatialized sound, speech vs non-speech sounds, amplitude, pitch, etc)		It doesn't matter. Its all about finding out what people are comfortable with using and matching it to them - there is no one size meets all. Irrspective of where you are, you would have the same sound? "Hiding to nothing". It's a completely pointless exercise. If we can't agree on anything (like how to turn on a light/open a door), how can we make a universal auditory experience. The auditory augmentation sometimes needs to come from a loudpeaker, or from something else.
//Sony headphones that look like doughnuts// -- air conduction. They are just open and the sound passes through naturally. 
Anbie? ear cuffs. -- expecting cartilage conduction to be the next big thing, until these came out.
cartilage is more efficient than bone, it excites the air, and augments the audio coming in from the air. There is no crossover?		Demographic dependent. Personal choices.

		What form factors (hardware, such as earphones) do you imagine being used in application of AAR? 		Everything. It shouldn't just be confined to the headphones earbuds. It really is a case of what is natural for the person to use. Like with glasses, how many people use the same glasses, it's not going to happen that way. Some like a portable speaker, some want augmentation to come from a speaker that surrounds them, some want headphones. There is no optimum method, there are suspension drivers. You don't want to wear the same headphones all day.
Inconpspicuous - Apple are going for using air pods pros as hearing aids. So that you can hear what someone else will say. It will just be like headphones in general. If you are using AR to speak a second language or cheat in class, you would want it to be as inconspicuous as possible. If you are playing a game/going for a walk, you may go for something branded. It won't matter. If you are woking for the police/fire brigade, then it has to be discrete, beacuse you will be having head gear, and you can't have others hear what you are doing/listening to.		Demographic and context dependent. Goal relevant.		Consider making continuum to place expert opinions on.

		Based on this discussion, how would you define AAYR?		It's a way of providing additional information on some action through sound.		interactive sonification related. action means user task?

		As an emerging field, what future directions do you envision for AAR? For example, vision based AR systems  have matured for application in aircrafts and vehicles as Heads Up Displays (HUDs).		It exists already, your turn signal has AR. If anything the visuals haven't caught up yet.		is sound feedback or instruction? can define is some sound is AR or no. but according to him, all sounds are AR. The turn signal here is for the driver; other drivers don't hear the sound, only see the visual stimulus (orange turn signal). so it is reminder/feedback.

		We will now show you a taxonomy that was developed after a literature review. Please share your thoughts, comments, and suggestions on ways to improve it.		It;s helpful to have a one-two word thing on the first column, so that where it says AR, take that down to a couple words. That will make everything else fall into place. Extending reality can be used for some.
In one of our projects we are looking at getting rid of the speakers in hospitals, so in that case we want all the sounds to appear to come from real world objects, but only be heard by staff. This would be better for patients, who then won't have to hear audio unnecessary for them. It's not just training scenarios, but day to day uses.
Firefighters and health care/surgeions - also for phyisical therapy. We match up the audio with the left and right hand sides.
For drivin - tell the driver about their driving (you're driving too dangerously, be more careful). applications with messages/texts
Use case- Why not use the term hearables. The general term for smart earphones. The literature is outdated, they have not been keeping up. Neck speakers - don't sound good, but can with DSP. Same with bone conduction. If you don't mind it being quiter, you can make any speker sound better. 
Series on cave paintings - In terms of sound. A lot of caves have ideophones, natural objects that make sound when you strike them. Their acoustics are pefect for making the sound of animals painted on the walls. Cavepaintings are early theater and early animation, especially with fires which can animate the paintings. Teach people to hunt or for entertainment. AAYR goes back really far. 
Soundscape from Microsoft - spatialized/directional sounds.
Tourists - absolutely, did a project on that years ago. 
Factory workers/EMS - yep.
There's a pair of commercial glasses for people that are blind which can read. You can train it to recognize people's faces. More simple way of doing that, with iPhones.
Videogames - surely, zombie running game, which is audio only. When you are running, you can simulate zombies chasing after you. That's intended for being outside, in the real world space.
Museum tourism - have you ever been around a museum with a curator? They tell you amazing stories about objects, who donates it, when it got lost, how it relates to other pieces. It is far more interesting. Persuade a museum to get a curator to talk about pieces they are pasionate about.
Metaverse - I think people will get as bored of it as with PokemonGo. But it can be used in many ways, Google glass, Apple glass, etc. When it becomes commonly used, the virtual world will catch up. I could be in a call here, but one of us could have an avatar representation of themselves and it would sound like they are coming from where they should be coming from audio-wise. If I want to have it such that my audio is a 19th century castle, I could do that. Text-to-speech is getting so good. If anything it will improve audio quality dramatically. If it happens to be someone you speak to often, then the synthesized voice will be on my device, and that will be their real voice. If you think about it, do you think of you tv or computer as anything different from your home as a device. They are all computers, all are eletrical goods. 
If we look at sonic bubbles for privacy, then the server doesn't have to send the same files to everyone. Everyone wants to be out front. 
Older adults - we are exploring that with people with dementia.
One project I'm doing looks at auditory performances? Something about food.
Sony's headphones - three different channels: background sounds, everything that's not you, and your controler to work out distance from the sensor to make your weapon sounds/etc. Can also delay sounds that arrive from speakr, so that it gives the impression from coming from the controller. All your avatar sounds come from your headphones. And so splitting that apart, so that intellectually, we are trying to make people forget about pixels playing and your plastic. 

Definitions - Even if you were standing next to your idential twin, you would still experience two different soundscapes [soundscape def.].
Keynotes - more so identifiers, not mostly backgrounds, not in the psychological way, they are providing context. If you think of a keynote speaker, you wouldn't consider them background sounds. They are in the background but they are not unimportant. Figure is what you are actively paying attention to, ground is everything else.
Soundwalk - //Found the definition interesting//  (https://www.sfu.ca/sonic-studio-webdav/handbook/Soundwalk.html) Well established. 
Enchantment - I agree with that definition, but what you are doing is extend/enhance the listeners understanding. If you think of those keys, if you hear someone pick up those keys at 4 AM, then you have that meaningful sound. All sound has meaning to somebody, otherwise we wouldn't call it sound, we'd call it noise
Blending - It's not just natural sounds, you can think of the preexisting sounds. Change natural to preexisting in the definition. (Electric guitar as a form of blending) - Depends on how you are using it; just a musical instrument or using it to wake up your brother. All instruments have some form of natural amplification. In that scenario the electic guitar is working as an amplifier. The reinforcement is a bit of a confusing term. In sound you have sound reinforcement, but you also have reinforcement in that youre adding additional information (like with a metaphor). 
Overlaying - How many of the alerts are left on on your phone? Hopefully relevant to the current activity. There is so much being added that is rubbish. 		Providing audio cues to only those who need it, for day to day use. Perceived reality - diminishing reality, noise masking. Healthcare sonification papers - trimlab MS students. cite previous driving related papers. Tim Zimmer audio games. Autism, dyslexic individual benefit from AAR. Blended sonification - thomas harman, ICAD. Working memory analogy - work with 2-4 bits of information at a time; accuracy drops with auditory information - requires training.		Diminishing Reality (https://journals.sagepub.com/doi/pdf/10.1177/1071181321651103) 				Diminishing Reality for AAR

		We will now show you a video demonstration of the  capabilities of  AAR using a prototype device. Please rate your satisfaction of its performance on a scale of 1 to 7, where 1 is highly dissatisfied, and 7 is high satisfied. Next, please provide your thoughts and ways to improve the application.

		Pedestrian safety notes

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































EI2

		Name: Dr. Missie Smith (AR expert)		Martha Irene Smith, Studying AR since 2013 (about 9 years now)

		Question

		What is your understanding of AR?		Using some computer or form of digital something to convey information over the world that wouldn't be there without it. Could be as simple as showing the line of scrimage in a football game. Anything thats giving more informtion than without the display.
Could your def lead to shared exp? It could, as with something like visual with TV. I have a very visual skew when it comes to AR technology. Obviously sound can be a shared experience.				Convey novel digital information. Shared experience - yes.

		Do you think listening to music, through loudspeakers or earphones, can be considered an example of augmented reality (audio in AR)?		I dont think theres a split between AR and VR, theres a split from totally real and totally virtual.If I completely block out all of my sound and am listening to music, I would call that a form of VR for audio. For it to be AR, I would need to hear the outside and inside, the birds chirping and the digital world.				If only digital sounds and no real sounds, that is auditory VR.If real sounds audible, yes it is AAR.

		According to you, what are the requirements for sound to be considered an application of audio augmenting your reality (AAYR)?		A synthetic representation of audio sound in some format that is portrayed to the person. Im assuming AR means you are letting some things through, depending on how you see that spectrum. Could just be watching the TV, as thats kind of a form of AR for sound. It is giving you more information and it is digital.				Any digital audio is AAR - but real sounds have to be audible.

		Which use cases or scenarios, do you think, will benefit users the most as an application of AAYR?		When I think about the entire experience of that spectrum from reality to virtuality, and how do we make it more rich? Or better? Ive been thinking about blending across virtualities, so that you can play music, or you can add information on to the real world (ex: ask Alexa to explain a recipe). For AR, the real benefit is that mixing of adding additional information across all of the senses. And theres power to that, because our brain views the world in blocks, so we could trick the brain and help make it think differently. Think haptic cues around the wrist, where when you add a visual graphic of a ball rolling on your wrist, you could feel that. We can make up for inabilities in tech with audio to fill those gaps.				AR can use all senses. Audio can fill gaps due to sensory inconsistencies.

		Can you discuss which users in particular might benefit the most in their respective scenarios from AAYR?		It depends on the applications itself. My theory is that we don't totally understand what it could be, because we don't have it yet. It really does depend and we wont understand it until later, but I'm not sure when is later?
Which users find visual AR helpful? I would give a similar answer, though for example people who are hard of hearing many not benefit from AAYR. Its kind of like looking at disability in phases, because you could have it for a lifetime, a season, or a moment. Thinking of this in AAYR, I may have some limitations like not wearing my contacts in the morning, so AAYR could be great there. Or with a degenerative eye disease, which could be a season or a lifetime. Thats underselling it still, because it makes audio seem like its only good if something else is failing. Theres probably more intstances where audio is important that I am not considering.				Those with hearing loss won't benefit from AAR. Present information when necessary. Temporally scalable use cases.

		In terms of auditory displays, which is the most important aspect, with respect to human hearing, for providing information? (ego vs exo-centric display, spatialized vs non-spatialized sound, speech vs non-speech sounds, amplitude, pitch, etc)		I think that at its most basic, the principles of an audio displays. I think thats the starting point. But, what if that changes for AAYR? Thinking about visual AR, you start with principles like what are the grounding principles in this case. For visual you now have graphics plus the world. So context for AAYR is really important, it depends on the environment. I dont know that anything really changes about it. Going a step further and saying that theres probably another shift with spatialized Audio AR, I don't know what that would be. But there would be shifts in it.				Same principles of audio displays apply to AAR.

		What form factors (hardware, such as earphones) do you imagine being used in application of AAR? 		Theres a lot of interest in wearable technology, you could imagine some kinds of headones, like in ear, bone conduction, etc. All that stuff exists so thats a possibility. But could we also store some audio information in a specific location, like with speakers, instead of it being localized from a person, for exaple. I think that there would have to be something on the person, possibly glasses with bone conduction properties, or even a watch with some audio capabilties. It depends on if it were for one person or for many people.
Right now when we thing of hearing aids vs, visual aids, visual aids can be larger and become more of an accessory, esp when comapred to the inconspicious hearing aid? Will the devices be as small as can be? -- This gets into market trends and what people accept into new technology. Its something similar with airpods for example, which is a small think, but is also a statement in a sense. Theres definetaly a trend for that. Some of that is seen with headphones, but part of that was driven by the use of cords. The form of the device may have some flexibility, so it depends on if it gets in the way of something else, like changing my shirt, for example. It would depend on the convenience. There is a tradeoff between comfort and fuction which is a key driver of that as well. And thet may drive that conversation as well.				When required, the auditory information can become part of the environmental sounds as a shared experience, but otherwise remain accessible to individuals that need it. Consider comfort and function trade offs.

		Based on this discussion, how would you define AAYR?		I dont think that my definition changes necessarily. AAYR could be indivcidually worn so that it is spatialized locally, but I also think that it could be a speaker playing music the next block over. There are differnt forms, and they all have unique value.

		As an emerging field, what future directions do you envision for AAR? For example, vision based AR systems  have matured for application in aircrafts and vehicles as Heads Up Displays (HUDs).

		We will now show you a taxonomy that was developed after a literature review. Please share your thoughts, comments, and suggestions on ways to improve it.		I think that this is just a massive space, so when I am even thinking about the context, its hard to keep that as a piece of a taxonomy for something else, because there so much richness there. Some of this is more theoretical, and some is more specific like recreational activities.
Under form factors, I differ more than others you may have talked to. I still find a stereor to count as a form factor for AAYR, unless you are talking about AAYR for an individual, where you need control over the sound.
Use Cases -- I think that context is a way to get to use cases, and I say this because "training scenarious", well what if its just leanring in general, like what kind of learning moments would we be forming. Youve got some classic moments of when we as a field have thought of AR, like with getting feedback from training, or navigation and wayfinding. These are all very reasonable. I think that soundscape recreation is an important one, so that we can also give a feeling or an emotion, effectively a nonverbal essence. And theres probably research into what kind of music makes you feel different things. VR sound applications, mixing more and more real and virtual integration makes sense, and that is important. I did a study about augmented mirrors, we got feedback about these specific graphics, sometimes a car would drive by and its interesting how the wrong sound can destroy that sense of presence, or what youre feeling is real. You may want to include some about the value in removing sound. AAYR is often seen as additive, but it also dimishes. We should probably consider diminished reality. This is a subset of AR, from my internal definition, so sound cancelling headphones would work like that. In this sense you could cancel out the wavelengths, so that my ears don't regiester it (in comparision to sound masking). What sounds do you let through, because in some cases it is very important. Especially with things like military and construction purposes.

Do you think there should be two versions of the taxonomu, high level vs street view?
This document as it is gives more information about how the goals and defintions of AR from different perspetves. A different kind of framework could help me think about the different perspectives could give a more general view. I always think of things in terms of the human, the task, and the environment. How does that change the needs of the system? I do think there is value in this split, because the street view gives you the detail and the richness, and the birds eye view gives you the connection.		Behavioral changes?
Ethical question there - should we change people's behavior. Its one of those thinsgs where it may be something like causing a physiological change bcause of the waveform, but it could also change someone because of what it evokes
As you move further into these genearlized things, like shoudl you make people feel happier in jail.
Can consider that effects of sound chaneg in the workplace, could it have a negative impact on you? Changes how you focus possibly.		Loudpseaker sound is AAR - yes.Removing certains environment sounds is AAR - yes.Have a high level taxonomy as well as a detail level taxonomy (hierarchical)

		We will now show you a video demonstration of the  capabilities of  AAR using a prototype device. Please rate your satisfaction of its performance on a scale of 1 to 7, where 1 is highly dissatisfied, and 7 is high satisfied. Next, please provide your thoughts and ways to improve the application.





EI3

		Name: Dr. Kangsoo Kim (AR expert); 7-10 years now research focused on ~AR human interactions. How people interact with them, based upon human features

		Questions

		What is your understanding of AR?		Immersion of virtual and physical stuff together. My view has changed as time goes by, like 12 years ago when I first started my research in AR, I read a paper that defined AR, and thought of it as more of a visual interaction type thing. The registration part was important, how the virtual was regestered in the physical space. But with audio and other perceptory parts, I feel like its more than just the visual aspect, like with audio and haptic. I am trying to see this terminology in a more broader sense these days than when before.				visual interaction, registration, and perception of virual information in the physical space. Can be multimodal.

		Do you think listening to music, through loudspeakers or earphones, can be considered an example of augmented reality (audio in AR)?		Its interesting, yeah it really depends on how you define AR, but right now, to me AR is more like an adaptation where people have already gotten more use to it. Its already my reality, I can listen to your voice through my headset. Maybe 100 years ago if we coined that technology, when we first invented that music system on technology, then maybe we should consider it AR at the time. But right now its difficult to say, because it is part of my reality.		Every time I present my research to the audience, I always try to present what the reality is, which is baed on my experiene. AR is enhancing my experience, like with this video call right now. Reality has been changed to me, and my perception of reality has changed, and this AR technology are just the tools to change/enhance our reality.
There is a researcher in U Penn, Computer Graphics Professor Normal Bedlan, paper is from the late 90s or early 00's, he mentioned that our generationmight be the last that distinguishes between the real and virtual world. But, who knows? Howe we define AR may change in the future, it could just become reality, where we dont have a difference in virtual and physical space.		adaptation dependent may perceiving virual sounds as real sounds, then it is no longer AR. Hence, AR definition dependent. Have to define reality to understand what the augmentation is. Listening to music is AR? No

		According to you, what are the requirements for sound to be considered an application of audio augmenting your reality (AAYR)?		Going back to the definition we mentioned in the AR literature, onr of the things is the registration in that physical environment and the interactivity. To me the AR with the physical environment should consider the real aspect. To me if I want to call the AR at the stage of the current tech, it depends on the scenario or context that I have. On top of this context, I am doing a tast, so I can extend my experience related to this context, then I would call it AR related to the modality.				Registration and interaction with physical world. Context dependent. User goal or task dependent. 

		Which use cases or scenarios, do you think, will benefit users the most as an application of AAYR?		Related to the concept I mentioned and the user's experience, each user may have a different expeirence and perception of reality. AR, especailly related to the audio, many researchers have looked into the audio effect for the visually impaired. For their experience, they cannot really see, but through the aural feedback, they can extend their feedback on top of the real data. They can now process more. That is certainly an AR.
Also even with the AR if the user can only see the visual stimuli, that could be one scenario for the training. What we develop is mostly based on a combo of visual and aural senses together. So AR that combines these two data could be considered AR. When I talk to a virtual human in front of me, not only am I seeing them, but I am talking to a virtual agent, and that case is plausible and I can extend my virtual communication through that agent.				Visually impaired individuals, use audio to extend their percepetions. Multimodal AR for training purposes, embodiment of virtual information.

		Can you discuss which users in particular might benefit the most in their respective scenarios from AAYR?		As I said before those particular groups who don't have ability to see or limited to other modalities, sensory modalitites. Also if they cannot really hear well, and if we can somehow emphasize the magnitude of the sounds. These days a lot of entertainment industries have VR show in the metaverse or virtual reality showroom, where they can have like a concert for example. In the AR space, you can have that aural space for AR concerts in a physical space. That kind of audience would benefit from aural AR. In daily life, people can use this audio based AR, if I need to specify the application areas, then I would say entertainment. We can extend the use cases, but I don't think thers a particular group, rather general users.				Those with limited vision or other modalities. Aural AR concerts in a physical space. Entertainment use cases for users in everyday life. Everyone can benefit to an extent depending on context or use case.

		In terms of auditory displays, which is the most important aspect, with respect to human hearing, for providing information? (ego vs exo-centric display, spatialized vs non-spatialized sound, speech vs non-speech sounds, amplitude, pitch, etc)		It really depends on the scenario that you want to use it. There is no silver bullet per se. Sometimes its good to have an ego centric, where only I can hear and you can't. But it really depends on the users needs at the time.				Scenario or context dependent. User need dependent.

		What form factors (hardware, such as earphones) do you imagine being used in application of AAR? 		In general AR displays will have that auditory device together as well. Example is Hololens with its audio system. But I don't really want something clogged in my ear. Something like ~bone conduction~ might be nice in this case. In general the AR device, wearable or whatever type of display, will be related to that kind of form factor. If I have to think of a more futuristic device, now we have hololens/magic leaf/snapchat glasses, but we want to develop lightweight displays. In the end, if we have some implanted display, we could do the same with audio impants in the human body.				Bone conduction, lightweight, auditory implants in the human body

		Based on this discussion, how would you define AAYR?

		As an emerging field, what future directions do you envision for AAR? For example, vision based AR systems  have matured for application in aircrafts and vehicles as Heads Up Displays (HUDs).

		We will now show you a taxonomy that was developed after a literature review. Please share your thoughts, comments, and suggestions on ways to improve it.		It all makes sense.
I think many of these definitions adress physical reality register aspect. The first one is very close to the one by Azuma I think. The second one is quite interesting, its more modified signal I think. I think this is more general. I cannot complain about any of these definitions.
Use Cases - The second from the bottom is a bit confusing to me, its a very general situation. Im not even sure if I can consider it a use case - animating physical things with sounds. Its somewhat similar to some of the others then. Its pretty similar to what we have in the last row as well. Thats what I though and also I was thinking about education type applications which will benefit with the audio AR stimulation. There are papers which have focused on that. Theres also a difference between education and training for instance. One of the projects Im involved in is a literature review on spatial systems. Maybe the auditory information can extend that spatial coginition information to depend on my location and the surrounding buildings/objects. The interception or the manipulation of auditory info could help you understand how the sound works and then you can learn the phyiscal phenomenon somehow. Education then could be one of the use cases.
I think this table misses entertainment, like virtual/AR concerts for example. Also imagine a concert happening in some place on campus where some people don't really want to listen to that music, so they can use their own AR display which does not mess with anyone else's displays. That kind of a use case could be included if you are not limiting your scope to the literature review that you have found. 		Is it more of a singular or shared experience?
These days the head mounted system is more individualized. One of my concerns is that kind of visualization. This is more of an ethical thing, like with Black Mirror, which showed dystopia involving where each person has their own experience that can cause some difficulty in communication. If your reality is completely different from my reality, it would make communication much worse. Technology is too fast for the regulations or the policies. Which cant follow as usual. I think the audio stimuli is the same. I think we're getting more and more focusd on that customized individualized experience, but I would like to somehow communicate with other people. How I can actually understand what you are thinking and what you are trying to do (theory of the mind). It should help for us to communicate in a better way. 
Echo chamber question.
Thats what Im always trying to keep in mind as a developer.scientist. When the public first sees these AR experience, there are mulitiple kinds of experiences. Some really like it and some are concenred about their impact on people. Thats what I always try to keep in mind and not forget. A lot of users use social media these days, like with YouTubes recommended and related videos, which is pretty much the same thing that I liked,and Im more exposed to that same contecn again and again, which limits my opportunity to explore other things. Thats what I want to try to avoid. I dont want that kind of technology. I dont want to forget about that, or have that kind oftech to limit myslef. This could also cause a great knowledge gap between those have the tech and those who cant access it. I don't believe there is good or bad tech, but the way to use the tech had good or bad effects.		Physical reality registration. Animating physical objects with sounds - not AR? Separate Training and Education use cases. Location based audio spatialization - understand how sound would behave in a specific location. Add entertainment use cases - selective concert goers - those not interested can choose an individual different audio display. Individual AAR is good but should not hinder ability to communicate with others in the immediate physical world, if not in a better way. AAR should not create individualized echo chambers - social collaboration must exist. Equity issue between those with access and those without.

		We will now show you a video demonstration of the  capabilities of  AAR using a prototype device. Please rate your satisfaction of its performance on a scale of 1 to 7, where 1 is highly dissatisfied, and 7 is high satisfied. Next, please provide your thoughts and ways to improve the application.





EI4

		Name: Dr. Seongkook Heo (AR expert); Assistant professor at UVA, research in HCI, specifically in new interaction techniques with new interactive technologies like haptic tech. Also builds new tech for new platforms, so building new devices, wepbages, online sources, etc.

		Question

		What is your understanding of AR?		AR is using computers to understand the surroundings; understand the actual/real world environment. Based on its understanding, it is using compuyting to add something to it, like technology. Computers understanding the environment and mixing audio/virtual information with the real world.				Digital data to understand the physical world by adding to it.

		Do you think listening to music, through loudspeakers or earphones, can be considered an example of augmented reality (audio in AR)?		Yes, I think its a very interesting area. A lot of AR systems are things that we visually see, like seeing some real world objects and using your phones, which gives you a measurement for those objects. But it does not just have to be visual, we listen to these surroundings. It depends on how it augments the reality. If you are just listning to some music or guidance, that is not really related to the reality, so it isn't AR. But if it is related to reality, for example Microsoft did a project about mixing audio information/sound with navigation system for visually impaired people (if you need to be at some place, you use spatial audio to help for navigation), it is difficult to say if it is really augmenting reality. There is another paper about wearing a helmet for bikers. The helmet has a camera which will see the camera and what you are approaching and will play some music/sound that is directly related to the distance, speed, object that is near the biker. Sonification can help you understand the surroundings. So we have computer interpreted sound.		Mentioned about how sound should be related to reality/persons task:

Assume that you are in VR, then what you are seeing is all virtual, there is nothing physical. If you are seeing both the physical and virtual world, that is AR. So it is kind of a mix of the two. I think the same goes for AAR, if you are wearing headphones, you are blocking other sound, then you can only hear what the system is playing. You can also map the sound to some place, where some movements can be directly mapped to that. If you can still listen to the environment and what people are saying and if the computer is also generating some audio that is related to the physical environment, then that would be AAR.		How music augments reality. If audio not related to reality - not related to user's immediate surroundings or user's task - not AAR. No leaning. Sonification that interpret the real world can be AR - helps understand environmnet.

		According to you, what are the requirements for sound to be considered an application of audio augmenting your reality (AAYR)?		Already touched upon this.

		Which use cases or scenarios, do you think, will benefit users the most as an application of AAYR?		First, not everyone can see visual feedback, some are visually impaired. They should be able to take advantage of computing to enhance their lives. For those who are visually impaired, AAR can be really helpful. Sometimes you can't really afford to use your visual attention, like when driving. They should be used in  a very safe way, because you have to keep attention on the road, and in these cases AAR can be great. EX: if you are driving what you are seeing can be just reality, and this is the most imrpotant thing, because you have to focus. Audio is less important because people close their windows and just listen to music, but then it could be important. Maybe teh computer can intrepret the road conditions and sonify it in some way. Convert the friction coefficient of the road to sound.				Visually impaired. Visually distracted (driving) - multiple resource theory. Sonify physical elements such as friction coefficient into audio to understand environemnt better- AAR.

		Can you discuss which users in particular might benefit the most in their respective scenarios from AAYR?		Imagine youre having a conversation with someone else. When Google Glass first came out, when notifications were displayed, you can't just read it, you have to mobe your gaze to that notification part to read it. In that case, your eye is not just a sensor but also a channel to keep your eyes engaged. In those cases, having audio feedback may be helpful. If you cant really divert your physical attention, it can be helpful. If the user is working in the area of making many human contacts, then it can be useful.		I think it is all about characterisstics of the situation, of the context. All of these things are constraints that could be permanent, and they all have their own characteristics. AAR can be helpful if that context has some constraints related to the visual perspective.
Not being able to see or use the visual feedback is kind of the limitation, because you can use the audio feedback then. It can work better rather than just visual feedback just not being available. Maybe if the property that you are trying to sonfy can be better in audio that visual. If there is something that is more directly correlated with what happens in sound, then maybe those can be good application areas/		Users whos visual channel is occupied. Context driven - constraints of visual perception. Better perception of quantity through sonification than visualization.

		In terms of auditory displays, which is the most important aspect, with respect to human hearing, for providing information? (ego vs exo-centric display, spatialized vs non-spatialized sound, speech vs non-speech sounds, amplitude, pitch, etc)		I am not an expert in this, but when I use VR or AR systems, what I love about those systems is that they track your position. There is 360 tracking of your head, hand, and environment. Those are really powerful, because with a computer, you are using 2D information to manipulate properly. If the system can track our movement, then it can provide a lot of information related to that. If I want to look at the ceiling I can just look up. That seems simple, but if you are playing a game, it becomes a very tricky business. I think audio feedback can use some of this technology. Tracking tech is now better then ever. This can be really helpful in giving information, especially in relating virtual content to physical things. You have to have something spatial in these cases, because otherwise you are just getting audio feedback.		Distinction between spatial audio, watching a video in front of you, you can prove that same version of audio when simply listening to audio, it mimicks the same thing, but assumes the sound source is in front of you. Then is it really added meaning to that spatialization aspect.

I think it depends. If i want to listen to music, and my phones is in the back pocket, I don't want it to play from behind. Spatialized audio also uses HRTF to create this kind of audio. If you are havig some instruments play on left and some on right, that kind of become a standard stereo system. in this case, spatialied audio is not totally helpful. It is helpful when you remove the audio source and need to choose a place to play the audio from. 
It can be seen as something similar to Netflix in VR. The content you are watching is 2D anyways. So if you are sitting in front of a large screen/TV and watching a movie that is 2D and what you see around you is just the environment. People can sit next to each other and talking to each other than you can hear each other, but imagine you are in a VR world in an actual VR world that you can move around in. If you move around there will be all this virtual content that responds to how you act in the environment. You can have a flat audio signal, or it can create the whole spatial audio to give a more realistic experience.		Audio spatialization through head tracking and head related transfer functions. Place audio source anywhere aside from left and right of user (stereo sound)

		What form factors (hardware, such as earphones) do you imagine being used in application of AAR? 		The simpler the better. We already use a lot of audio devices like headphones and speakers or maybe some earpieces. If the audio AR device can be made smaller, that would be better.
I wouldn't say that smaller is necessarily better, because not everyone looks for the smallest headphones, like the ear covering headphones, and they provide better sound. If the AAR system can be made like those normal speakers, then it should be fine. AAR can be better at building hardware, because if you are using a visual system, it should be something that does (not?) look like glasses. It will start of not as very minimalistic. People already play audio with headphones, so we just need the computation.		To create and AAR system you need to understand the environemnt: you need the sensing system and the audio system, which can be done with an audio or visual display. A huge part of some AR systems are headsets, but some use smartphones, and tracking and sensing is usually done with cameras. So those cameras can be make small, and one of the biggest components in the display, that is what make these AR devices really wierd. Some devices move these units to someother unit, like the magic leaf device, which has seperate unit which you use like a holster on your belt. It is still kind of wierd and gigantic because of the display unit. If you thjink about this the computation unit bcomes better. Sensing only requires some cameras, and sensors which can be made really small. Headphones already sound great and work well. So among those 3 parts, one of the most difficult pattern is the actuaion part, which is already mature at this point.		Smaller, simpler. Understand environment. Separated instruments for tracking, sensing, displaying.

		Based on this discussion, how would you define AAYR?

		As an emerging field, what future directions do you envision for AAR? For example, vision based AR systems  have matured for application in aircrafts and vehicles as Heads Up Displays (HUDs).

		We will now show you a taxonomy that was developed after a literature review. Please share your thoughts, comments, and suggestions on ways to improve it.		I think those users and contexts make sense. I think the ones you have here make sense, but it is hard for me to understand it as a whole. Like how you are organizing this and how you are covering the whole aspects of AAR, like how you are augmenting. I think the taxonomy can probably have some hierarchies and some higher level ideas to maybe arrange these ideas. Like when you are augmenting the reality or using spatial audio. Maybe there can be some different levels, which is better than a list of items. It is hard for me to understand if it is fully capturing the whole idea.
There may be so much more that I could not think of, and thats the tricky part of having the list of things. But from what I have read those all sound quite compelling		A: If someone is playing an electrical guitar, is it AAR?

S: You are using computer to generate the sound, so that you are localizing the sound source, so that the player feels like the amp is beside them or near them?

A: Solely just a person with a guitar which is connected with an amp--

S: I don't quite get it, is it just the computer working as an amplifier, and there is nothing spatial about it?
I don't think it is AR, and that is because when the computer is simulating that, it has nothing to do with the room or the environment, which it has no understanding of. I would not say that is AR. It is just amplifying the sound.		Hierarchical taxonomy. Electric guitar sound - not AAR. 		Thinking from the computer's perspective - how the computer senses, modifies, and displays - not related to the human.

		We will now show you a video demonstration of the  capabilities of  AAR using a prototype device. Please rate your satisfaction of its performance on a scale of 1 to 7, where 1 is highly dissatisfied, and 7 is high satisfied. Next, please provide your thoughts and ways to improve the application.





EI5

		Name: Dr. Kyla McMullen (Audio expert)		I have been working with 3d audio since about 2008, so maybe 14 years. And I typically work on perception (3d audio, how can we make people percieve it, how can we augment it, remember where things are), applications (how we can apply 3d audio into lots of different contexts, like a musuem or firefighter search and rescue situation), and development (whenever we create a 3d audio solution we try to develop everything within it).

		Question

		What is your understanding of AR?		AR to me is reality perceieved often through a transparent glass, a reality that allows you to overlay either digital or audio components that is not already there, bt overlayed on the natural environment, but not in a way to not be able to perceive the natural environment. It sort of integrates with the environment.				Transparency, overlay new digital or audio components integrated with reality

		Do you think listening to music, through loudspeakers or earphones, can be considered an example of augmented reality (audio in AR)?		I think about that some times too, sometimes I like to listen to musicals, and I remember once driving with a friend and we felt like we were watching something. As we were listening we were making a world inside of your head that you perceive. Listening to things that have a story component could be considered AR. I can just hear a song from some play and be transported to that sound, even when just listening to that sound. "A: you said you passenger was almost immersed, while you were driving, correct? In this case your passengers have the primary focus of the song, but your primary task or goal is to drive safetly, do you think there is a distinction between categorizing your experience vs. your passengers in terms of which is and isn't AAYR.

K: I think that can both be consideered AAYR, but I am the person with the split attention, Im not as immersed as I otherwise would be. It should not distract from the actual environment, whether I focus on it is my decision, but it is still displayed so how much I pick up on it is my choice."		A: you said you passenger was almost immersed, while you were driving, correct? In this case your passengers have the primary focus of the song, but your primary task or goal is to drive safetly, do you think there is a distinction between categorizing your experience vs. your passengers in terms of which is and isn't AAYR.

K: I think that can both be consideered AAYR, but I am the person with the split attention, Im not as immersed as I otherwise would be. It should not distract from the actual environment, whether I focus on it is my decision, but it is still displayed so how much I pick up on it is my choice.		Story telling aspects qualify to be AAR - sound induced experiences. Context driven YES.  Immersion can vary.

		According to you, what are the requirements for sound to be considered an application of audio augmenting your reality (AAYR)?		Having direction, a spatial component for AAYR, because often times the things we are trying to portray have a natural location or an implied location in space. Theres one project thats a sort of navigation system, where you put in a lcoation on Google Maps and will ping in a certain direction to show how close/far you are. A lot of the projects I use for AAYR has a directional component, because number one stream segregation, so that people can split up the sounds in their environment. For safety a person needs to be conscious of their outside world, we don't do that, but it is probably really necessary. It is unobtrusive and has a spatial component, and its also able to be detected over the normal noise that happens in an environment, something that allows it to be heard.				Spatialization to denote location of source. Navigation purposes. Stream segregation to distinguish sounds over natural environment. Unobtrusive.

		Which use cases or scenarios, do you think, will benefit users the most as an application of AAYR?		Any sort of navigation, search, theres also fun as well. Some students made a Pokemon Go type game but only with audio. There is an entertainment aspect that sounds really cool, some could be serious, like for training. Overlaying actual fields with combat for a soldier to practice. Also orienting or finding a way point where everyone needs to meet up. I feel like sound is best over ears for finding things. "A: You know how Apple's AirTags allow you to navigate towards a missing object with a beeping, is that AAYR?

K: Yes, because it is helping you achieve some task and the audio is not of the natural world, and you are percieving it with your senses."		A: You know how Apple's AirTags allow you to navigate towards a missing object with a beeping, is that AAYR?

K: Yes, because it is helping you achieve some task and the audio is not of the natural world, and you are percieving it with your senses.		Navigation, search operations, entertainment - games, militray training purposes, over ears for finding things.

		Can you discuss which users in particular might benefit the most in their respective scenarios from AAYR?		People who perhaps have a lot of visial things to focus on and need an audio channel that can be different to or add onto the visual things they are looking at. It could help with offloading some work. For the entertainment, just about anybody. Yeah, people with visual impairments would find this helpful as well, to help them locate things. There would also, then, need to be something to help them navigate around obstacles.				Viusally intensive tasks benefit from auditory channel, offload certain workload. All entertainment purposes. Visually impaired, search operations.

		In terms of auditory displays, which is the most important aspect, with respect to human hearing, for providing information? (ego vs exo-centric display, spatialized vs non-spatialized sound, speech vs non-speech sounds, amplitude, pitch, etc)		I would also add representative cues, lets say a system represents 5 different beeps that correlate to 5 different objects, that cretes a mental load requiring people to memorize certain beeps and commands, so audio that can already associate them is important. I dont knwo if latency will come in here, but it will definetaly have to be in concert with the natural environment, to not make people nauseous. So that it is in tandem with peopls real worlds. Yes, spatialization is important, because at least to me, it is hard to distinguish between different sounds, but if they have their own location, our ears will have an easier time seperating those. "A: In terms of wayfinding, we usually find in the real world that the sound source is with the object (like with Apples object finding thing), it maybe useful to move that sound closer to you so that you can hear it. If you are trying to replicate this with wearables, is it useful to gudie someone to point A, then B?

K: Yes I was going to say break it up into way points. If something is 300 m away, we could set up say 10 points to help someone to get to their destination. It wouldn't work if you just had to also deal with all the sounds nearby to you and a very distant sound."		A: In terms of wayfinding, we usually find in the real world that the sound source is with the object (like with Apples object finding thing), it maybe useful to move that sound closer to you so that you can hear it. If you are trying to replicate this with wearables, is it useful to gudie someone to point A, then B?

K: Yes I was going to say break it up into way points. If something is 300 m away, we could set up say 10 points to help someone to get to their destination. It wouldn't work if you just had to also deal with all the sounds nearby to you and a very distant sound.		Representativeness of auditory cues to minimize mental workload, latency issues for immersion, reduce any nausea. Work in tandem with natural environment and people. Spatialization to easily distinguish sounds.

		What form factors (hardware, such as earphones) do you imagine being used in application of AAR? 		We have a project where we are augmenting the museum experience, we have all the technology its just not pretty. What had to happen was that we had to give them a processing unit on a Raspberry Pi in a fanny pack and some sensors to know what direction was facing in their headphones. There gets to be a considerable amount of tech. Putting all of this into one device is not the prettiest thing, but what might work best is some headphones that go in your ear and around so that you can still hear the outside world. If bone phones got to the place where their could be accurate for localiztion and you can still percieve the outside world. Either the exertenalization or elevation is not good with bone phones, but tech improves so we'll probably get there. Then your ears won't be covered, so then you won't be out of the world. In wayfinding you may want to still have focus on the road, for example.		.		Headphones inside ear or around ear to remain aware of outside environment. Bone conduction earphones but with better localization features; current BC are not good with exernalization or elevation 

		Based on this discussion, how would you define AAYR?		It has not changed much, I like that you brough out a lot of the use cases that I had not thought of before, like with hearing protection. With audio AR, its not necessarily about the device, like with visual AR you need a Hololens for it. Audio AR is any audio that you put over headphones that doesn't interfere much with the natural surroundings or that you can percieve some other information, direction, story, etc. Its basically giving you a different sense in conjunction with the real world.				AAR is not hardware focused, unlike visual AR. Provide diff sense in conjuction with the real world. Any audio that does not interefere much and perceive some other information.

		As an emerging field, what future directions do you envision for AAR? For example, vision based AR systems  have matured for application in aircrafts and vehicles as Heads Up Displays (HUDs).

		We will now show you a taxonomy that was developed after a literature review. Please share your thoughts, comments, and suggestions on ways to improve it.		For B3, do the sounds actually have to be associated with an object, or can it just be an area? I guess thats one thing that kind of jumps out, tying it to an actual object may not be necessary, like if I want you to walk to the left, I can just play audio to the left.
What would be a sharable device in F3? [We're assuming a headphones thing two people could share either in the same place or in different places] Is the sound relatvive to their position? [Its relative to their position but with them interacting in the same context] 
I'm looking at the head tracker under form factor, I definetaly understand the purpose of a head tracker, but just the feasability of it. Google Glass was ther etech wise, but people thought it looked dorky. 
What's the different between B6 and B7? [They are very close, a lot of the definitions have overlapping elements. In B6 we're thinking of recording the audio and enhancing it in some ways, like when walking in a park and enhancing the sounds of one birds sound coming from some direction to enhance the experience. And then in B7, this is talking about a form of sonifying the sounds that exist in reality but for preobtained data]
In D8, where it says that audio with visual AR to asist in a primary task, why is that only for older adults and explorers? [So I'm guessing older adults because they'll have diseases like Alzhimers and they could use help to find things. For explorers, that could work for anyone giving them an experience to explore beyond the actual physical trail] I guess my point was that older adults are not the only people who could benefit from this. People on the spectrum may have trouble with executive function and may forget these things. So you would be limiting it from people with cogintive abilities that coud also be helped by this.
I'm not sure if I understand the use case for row 9, digitally gen audio on top of on top of reality to add to but not remove from it (construction workers; military). [In this row, we decided to focus more on noise use in hearing loss. Those people need hearing protection and so need to mask certain noises, so you need to take away some noises from the environment, but youd need to add noise to mask that so at least perceptually youre trying to take something away. Artistis and musicians require some quiet environments, which isn't always easy to find a very quiet environment, which was our reasoning here]. That makes sense, I guess Im just thinking that musicians need quiet but also need to hear themselves, musicians also need to blend in with others, so often times theyll play with others in their section so that kind of isolation to hear people within your section would make sense.
The earphones part, theres somethinbg that you can put into your eardrums to do this. When I was working at Wright Patterson Air Force lab, you should look up Doug Brungart. And he created this thing that you have to install into you actual ear canal, one end is blocking and one is delivering sound. And you can wave a magnet at it to work with it, ie change volume. Its more like someone else has to put it in your ear, it is definetaly not surgery. He uses it all the time. [And that allows him to do what again?] To isolate the world, and it can attenuate the outside the world. You run a magnet by your ear to control it. I don't know if it can go past your hearing to help you if youre hard of hearing.

		We will now show you a video demonstration of the  capabilities of  AAR using a prototype device. Please rate your satisfaction of its performance on a scale of 1 to 7, where 1 is highly dissatisfied, and 7 is high satisfied. Next, please provide your thoughts and ways to improve the application.





EI6

		Name: Dr. Areti Andreopoulou		An assistant in music tech and my main area of research is 3d spatial audio, both perception and signal processing, both the subjective and objective perspectives on that. I am mostly concerned with audio aspect of AR/MR/VR. I have been working in 3D audio since my PhD for the past 12-13 years.

		Question

		What is your understanding of AR?		AR is a method of enhancing one's perception of the surrounding environment. Its a way to enhance ones experience in a real physical space.				Enhance experience/perception of real physical space

		Do you think listening to music, through loudspeakers or earphones, can be considered an example of augmented reality (audio in AR)?		It depends on the context. I think that if you are listening in a passive situation (riding a bus and listning to music), then those two events are so dissasociated it is not an AR experience. Say youre listening to music while cleaning up in your house actively, those two things make your work more fun, so it does fall within the event of augmenting your reality. "//Shared vs. Personal Experiences
I fail to see at this point the benefit of a shared AR experience. I see the benefit in a VR environment, and I consider the audio a shared experience possibly. But for AR? I lean towards no from a personal experience. I haven't thought about it much?

A: Does listening to an electric guitar in the same room shared audio AR?

I mean a collective listening experience, we experience that every day. I don't see the augmented part of the experience in that situation. How would listening to a concert be an augmented experience?

A: The sound is produced in a way digitally and it is overlayed on top of your immediate phyiscal environment. I am not sure if it should or shouldn't be.

Yeah I would not consider that an AR. I would still need an audio layer on top of this guitar to consider it an audio experience. My definition is a bit more restricted in this sense."		//Shared vs. Personal Experiences
I fail to see at this point the benefit of a shared AR experience. I see the benefit in a VR environment, and I consider the audio a shared experience possibly. But for AR? I lean towards no from a personal experience. I haven't thought about it much?

A: Does listening to an electric guitar in the same room shared audio AR?

I mean a collective listening experience, we experience that every day. I don't see the augmented part of the experience in that situation. How would listening to a concert be an augmented experience?

A: The sound is produced in a way digitally and it is overlayed on top of your immediate phyiscal environment. I am not sure if it should or shouldn't be.

Yeah I would not consider that an AR. I would still need an audio layer on top of this guitar to consider it an audio experience. My definition is a bit more restricted in this sense.		Context driven. If music actively helps in performing a primary task, YES. Electric guitar sound in person is not AAR - not augmenting anything.

		According to you, what are the requirements for sound to be considered an application of audio augmenting your reality (AAYR)?		We need layers of audio that is coming into the physical space that doesn't necessarily belong in that space. I want to augment the experience, I want to have this audio give me more information or more context for what is exactly happening there. In your case, I would not consider a physical guitar or a flute playing on top of that guitar AR, because I would not consider that a meaningful experience. I want my experience to be enhanced in a meaningful wayk, so that I get more information about what's going on: me and maybe not next to the person next to me.				Unique layered display of auditory information that adds to what is already there. Has to be meaninfully enhanced. 

		Which use cases or scenarios, do you think, will benefit users the most as an application of AAYR?		I would consider assistive technologies benefitting from technology, for example any navigation technologies or rehabilitation or anything that falls within this category would rely on this technology. Education: you can enhance remote education scenarios with augmented reality. You can bring your classroom or a new environment with a virtual teacher or student into your reality. You can create a shared classroom space for those who are far apart. And this is important for enhancing your experience. I also see a benefit to the gaming/entertainment industry a lot. Not necessarily just music, but also gaming, movies, etc. Also adding the visual experience. "//Would deaf people benefit from audio AR?

I would say, surprisingly, yes, because sound is not necessarily only the experience that we are having in our mind, it also has a tactile vibrationalsense to it. I am proposing a project around that concept right now: I think what we consider AAR in terms of deaf people, or reduced hearing capabilities persons, I think that using the necessary devices you can have those people augment and enhance their experience of the environment with vibro tactile information."		//Would deaf people benefit from audio AR?

I would say, surprisingly, yes, because sound is not necessarily only the experience that we are having in our mind, it also has a tactile vibrationalsense to it. I am proposing a project around that concept right now: I think what we consider AAR in terms of deaf people, or reduced hearing capabilities persons, I think that using the necessary devices you can have those people augment and enhance their experience of the environment with vibro tactile information.		Assistive technology - navigation, rehabilitation. Education - enhance remote learning, shared classrooms. Entertainment - music, games, movies.

		Can you discuss which users in particular might benefit the most in their respective scenarios from AAYR?		Any user of those previous sets would count: students, gamers, deaf people, etc. If we divide users in a different way, I would think age wise, which is different that what we would expect. Because this is something that takes time to get used to, as to not be overwhelming, if this is a route that we are going towards, people who are younger agedf will benefit more if they get used to it and it becomes a way of dealing with it without it becoming overwheling, but simply the norm, like another way of reading the news. If we could be exposed in a controlled way that would be good, as it is kind of overwhelming.				Age based users. Experience based users. Controlled exposures to avoid becoming overwhelming.

		In terms of auditory displays, which is the most important aspect, with respect to human hearing, for providing information? (ego vs exo-centric display, spatialized vs non-spatialized sound, speech vs non-speech sounds, amplitude, pitch, etc)		You need to have a convincing spatial audio interaction so that your experience is immersive enough. That can mean a variety of things, it can co from the most convincing or tailored to your need (the best selected HRTF data set that fits your need the most with acoustic room conditions). T obe honest the level of accuracy and modeling for those components depends on the type and scenario. When designing an AAR display, I would not spend my time emasuring all a user's HRTF data, if the experience is something more loose/placid/informative. Same with the room acoustics. When bringing your virtual space to your real space, how accurate does it need to be as to not contradict between the two spaces. In most of the cases it doesn't really matter, it just needs to be fine such that users don't immedietaly reject the image. But you don't necessarily need to spend all of your energy to that, it just needs to be acceptable enough. The only issue comes up with your virtual and physical world contradictig each other. And we don't have yet an answer on how to prevent that. I think the two spaces should be treated equally, but I don't have an answer on how to solve this problem.				Convincing spatial display and interaction. Increased immersion.  Depends on the needs of the experience. Acceptable enough HRTFs and room acoustics so user do not immediately reject the image. Virtual space and real space should not completely contradict each other - unsolved.

		What form factors (hardware, such as earphones) do you imagine being used in application of AAR? 		The two tendencies for playback that would let you overlay are bone conduction headphones and open "back"? headphones. So that you have the virtual environment in your ears along with the other one. I prefer open back headphones for playback, so that the real noise comes in a natural way to your ears, but then you are leaking your virtual world to others. If its a shared environment, then you are altering the real world, so you are creating a feedback loop. I have not, in my work, experienced binaural playback with bone conduction headphones, but from what I have read and other people, they say that the image is more distorted. "//If we had speakers places in different locations that was playing audio of a specific kind to give the impression of being there would that count as AAYR?

That's why I said when you have experience with binaural or point sources from different locations to your physical space, so your putting your speakers where you would expect the sound to be. I would consider that an AR experience, yes, by definiton. You are running into a different problem in this situation, which is if you are treating your sources as point sources, so the location of speakers is location of virtual source, then you have something very concentraed in your real space, so it may completely dominate the sound or be masked by some sound. In this case you would run into problems of having speaker position that cause sources to be more or less spread based upon where you have placed them. If they are standing then they have a fixed width. Putting this in the real world means that you have spread that is represented by stationary sound speakers. So you immediately get a visual and physical perspective that contradicts. This is an AR experience that can work in the right circumstances."		//If we had speakers places in different locations that was playing audio of a specific kind to give the impression of being there would that count as AAYR?

That's why I said when you have experience with binaural or point sources from different locations to your physical space, so your putting your speakers where you would expect the sound to be. I would consider that an AR experience, yes, by definiton. You are running into a different problem in this situation, which is if you are treating your sources as point sources, so the location of speakers is location of virtual source, then you have something very concentraed in your real space, so it may completely dominate the sound or be masked by some sound. In this case you would run into problems of having speaker position that cause sources to be more or less spread based upon where you have placed them. If they are standing then they have a fixed width. Putting this in the real world means that you have spread that is represented by stationary sound speakers. So you immediately get a visual and physical perspective that contradicts. This is an AR experience that can work in the right circumstances.		Bone conduction and Open back headphones (allows to real noise in in a natural manner). Feedback loop in shared environment since real world is altered. Binaural loud speakers in real world is AAR; the speakers can dominate real sounds in a small space though. Virtual sources can be more or less spread out based on speaker locations. Virtual and physical perspectives/images must match for satisfactory AAR experiences.

		Based on this discussion, how would you define AAYR?		It's an enhancement of the auditory display of a physicl space. A meaningful enhancement of that space. Bringing virtual information, sounds, adding more information enhancing your experience of the real auditory display.				meaningful enhancement of the sounds of a physical sapce by adding virual information

		As an emerging field, what future directions do you envision for AAR? For example, vision based AR systems  have matured for application in aircrafts and vehicles as Heads Up Displays (HUDs).

		We will now show you a taxonomy that was developed after a literature review. Please share your thoughts, comments, and suggestions on ways to improve it.		I think it makes sense, it builds up on the information gradually and that is easy to follow. I only have one question, not sure I follow, "real time combination of real and virtual worlds", thats the build up I'm not following. Should it be the other way around?

A: Within a virtual world if we try to place viortual sound source so as to further immerse yourself into the virtual sound. This definition may not be connectd in the best way, but the idea was to enhance the immersion in the virtual world using audio AR. 

The virtual environment will alreay have a virtual auditory component?

A: Correct. That is sort of the idea here, where you are enhancing a VR experience using the audio, which is being produced through speakers here.

That is where youd draw the line, because youd define your VR experience as something that the audio should come over headphones? Is that what you mean? You have a VR experience with the graphics. What would it take to augment the audio of that to do audio VR?

A: Because we have an array of speakers that surrounds the user, you are able to spatialize the sound. SO when a car passes from left to right, so too does the sound, rather than just simply playing left and right channels on headphones.

But it you played interactive head track with binarural, would you consider that VR auditory display.

A: I would.

So the reason you are not considering the speakers one a VR auditory display is because 
a. the interaction is not computed somehow and
b. because you have two spaces, the virtual graphics space and the physical audio space

A: Right

I haven't thought of that, but yes that would be an augmentation of the virtual space by definiton. I just don't see that by the way that it is written. I see what you are saying and I kind of agree. Its an extreme scenario, but yes. "A: In regards to the use case column, do you think we missed anything?

You have tourist experience, navigation, and some that I would not think of, like object finding which would indeed be an AR situation. It covers all of the situations I am thinking of and more.

A: Do you think we can make any further categorization in regards to the auditory display design?

The design, you don't mean hardware wise, the design?

A: Right, I would say there is a single, two, or multiple layers of auditory information, but they're accessible based on your action. Do you think that could be another way to categorize these experiences?

Yes. I would say that another level of categorizartion that also reflects the complexity of the info that youre sharing is this, is what happens in terms of the layers of the auditroy display that youre trying to put on top of your experience. Because it also has another component that doesn't come starighforward but can be useful depending on what you want to do with that. If you think in terms of leayers, its also easy to add a timeline component to that, because the layers dont necessarily need to be concurrent. So it helps you also describe the build up of this augmentation. It can be something taht based on your decision or navigation, will evolve or the complexity will chaneg in a way that fits your actions or needs. Once you think in layers, you can also reflect that.
You're not really dealing with the hardware component right? Because youre focusinga lot on the how and the design, but you are kind of recycling the hardware. Youre just repeating more or less the same type of equipment.

A: Right, we just have one focus there, which is, for that context, what type of hardware would be the best. 

The way its added here, there is not necessarily a prioritization, and they are written in the same manner. In some cases it makes sense, and there are some components one wouldn't think of, but not necessarily your go to tool for every one of those categories. Beyond what youre looking at, maybe what you are prioritizing;; A: Is there anything else you'd like to talk about here?;; I find the compoinent of removing information as a component of AR interesting. I see the point, it kind of contradtics, it isn't augmenting its removing. I wouldn't necessarily see a part of this, but I understand that this can fit within the broad concept of AR, rather than my definition of AR.  		A: In regards to the use case column, do you think we missed anything?

You have tourist experience, navigation, and some that I would not think of, like object finding which would indeed be an AR situation. It covers all of the situations I am thinking of and more.

A: Do you think we can make any further categorization in regards to the auditory display design?

The design, you don't mean hardware wise, the design?

A: Right, I would say there is a single, two, or multiple layers of auditory information, but they're accessible based on your action. Do you think that could be another way to categorize these experiences?

Yes. I would say that another level of categorizartion that also reflects the complexity of the info that youre sharing is this, is what happens in terms of the layers of the auditroy display that youre trying to put on top of your experience. Because it also has another component that doesn't come starighforward but can be useful depending on what you want to do with that. If you think in terms of leayers, its also easy to add a timeline component to that, because the layers dont necessarily need to be concurrent. So it helps you also describe the build up of this augmentation. It can be something taht based on your decision or navigation, will evolve or the complexity will chaneg in a way that fits your actions or needs. Once you think in layers, you can also reflect that.
You're not really dealing with the hardware component right? Because youre focusinga lot on the how and the design, but you are kind of recycling the hardware. Youre just repeating more or less the same type of equipment.

A: Right, we just have one focus there, which is, for that context, what type of hardware would be the best.

		Mulitple layers of audio. Categorize based on complexity and context with primary task. Consider temporal aspect of layers since all layers are not available at the same time. Interaction dependent complexity and context of sounds.

						The way its added here, there is not necessarily a prioritization, and they are written in the same manner. In some cases it makes sense, and there are some components one wouldn't think of, but not necessarily your go to tool for every one of those categories. Beyond what youre looking at, maybe what you are prioritizing;; A: Is there anything else you'd like to talk about here?;; I find the compoinent of removing information as a component of AR interesting. I see the point, it kind of contradtics, it isn't augmenting its removing. I wouldn't necessarily see a part of this, but I understand that this can fit within the broad concept of AR, rather than my definition of AR.  		Prioritize hardware based on use case. Removing sounds not AAR.

		We will now show you a video demonstration of the  capabilities of  AAR using a prototype device. Please rate your satisfaction of its performance on a scale of 1 to 7, where 1 is highly dissatisfied, and 7 is high satisfied. Next, please provide your thoughts and ways to improve the application.





FG1

		Question		P1 (Caleb)		P2 (Daniel)		P3 (Jake)

		What is your understanding of AR?		It allows you to see the world in a slightly changed way (ex: glasses where you see the world with screen overlayed), different from VR which is a completely new world. AR is the world but slightly changed.		AR might have different applications [from VR], modify some aspect of something to show some different aspect of it. 		AR, compared to VR where the entire environment is virtuialized, is where reality is slight modified, where there are certain non real components on it. However, the entire thing is not a virtual environment.

		Do you think listening to music, through loudspeakers or earphones, can be considered an example of augmented reality (audio in AR)?		Listening to music through loudspeaker not necessarily, through headphones probably. Because the headphones directly inetract with you and not with other peoples reality. Perhaps AR changed when others can or cannot interact with your current reality. Where do we draw the line on what AR is (like an electric guitar, is that AR?). If we draw the line between individual vs group action, that would make for a better definition.		Yes, I personally perfer headphones in that it is more centered with the user, especially when compared to the speaker. The headphones make it feel like I am "there". The speakers are just not as personalized.		Listening to music through a loudspeaker/headphones is an example of AR, because it is just a virtual component of something you would not hear on your reality. So it is overalying what is already going on.

		According to you, what are the requirements for sound to be considered an application of audio augmenting your reality (AAYR)?		Individual is the main thing, if everyone is hearing the same thing, it is not really AR. It has to be your individual perception of the scene (whether through glasses or through headphones). 		It has to be personalized, every user has to have a different experience (it needs to be personalized).		AR could be a group of people listening to music that is playing in the store, as long as it is not something happening in the real world. Band playing in the store vs. on headphones/speaker to one or more people. Seeing an actual waterfall is not AR, but seeing a virtual one via glasses would be. It depends on if that thing is a visual/sound influence and if it is actually there or being created by some piece of technology. I would consider an electric guitar apart of the real world if it is in the same room, but if the person playing it through a speaker editing the sound that could be AR. If all the sound is from the guitar itself, that would not be AR.

		Which use cases or scenarios, do you think, will benefit users the most as an application of AAYR?		Navigation, it is distracting to look down at GPS then up at the road. It would be handy to process audio while not being distracted by a visual. Pokemon Go is kind of AR, so the audio would be AAYR, so games would be a good application.		Lets say youre going to a different physical space. When you go to a differnt place, some audio could be played. Location-based music or audio. Preferrably, music to change your mood (nostalgia), but it could be done for audio.		Teaching purposes, if you are learning how to be a surgeon (or any job), instructions could be spoken out to them, or with a GPS system to direct you to some specific place.

		Can you discuss which users in particular might benefit the most in their respective scenarios from AAYR?		There are benefits that could be found by any group, but specifically people with disabilities could benefit. Many crosswalks have audio capabilities (you can cross the street now), which would be helpful.		It would be helpful for all, but elders, adults (18-40s), and working people. If you are working in your house (especially in the lockdown sense), they could benefit a lot from creating an office-like environment. You would get sound that gives you an impression of being in an office space.		People with disabilities, especially those with visual disbailities, who need audio to help complete certain tasks. Or elderly folks who have problem seeing things or potentiall hearing problems (and can turn up the audio to help them hear things better).

		In terms of auditory displays, which is the most important aspect, with respect to human hearing, for providing information? (ego vs exo-centric display, spatialized vs non-spatialized sound, speech vs non-speech sounds, amplitude, pitch, etc)		Location is very important, especially if you have good surround sound. Article: man developong sounds that would convey direction. Capabilitries of this would be really cool (completing a maze just with music) - ego vs exocentric. That would be pretty cool.		It creates an immersive sound. Tidal? app. If you use the app it makes it seem like the audio is playing around you rather than coming from one place.		It would depend on the application, exocentric sounds good. Especially to direct someone to a location or bring attention to a location where the sound is coming from.

		What form factors (hardware, such as earphones) do you imagine being used in application of AAYR? 		Something individual, something that will allow for the enhancement of audio, but not completely overriding the audio. Perhaps noise canceling or some headphones, similar to what we have now.		Something lightweight, longterm, must not damage the ears. Something that you would wear on the head and lightweight, something that I don't notice. Primary focus should be on the audio.		Something like bone conduction headphones, such that your hearing of the environment is not impared. Or regular headphones with transparent hearing.

		Based on this discussion, how would you define AAYR?		I would do more research to make sure I have an industry-solid definition.		There's a lot that goes into it, not quite sure.		Based on what you've told us, it is a theoretical concept on audio center AR that is meant to oassist or aid in any tasks for any individual.

		As an emerging field, what future directions do you envision for AAYR? For example, vision based AR systems  have matured for application in aircrafts and vehicles as Heads Up Displays (HUDs).		The sophisticagtion of tech used in AAYR is what will mature. The capabilities of being able to pinpoint one point using egocentric AAYR, but in the future potentially display directions in a single audio clip.		Start with somple applications before getting onto advanced applications, let people get used to it. 		Assisting in education or people with disabilities or the elderly. It could be marketed to the people who need it most would be the future application of it.

		We will now show you a taxonomy that was developed after a literature review. Please share your thoughts, comments, and suggestions on ways to improve it.		All of the read definitions seem pretty good. For AAYR specifically, all of them look like reasonable definitions, so one that can account for all of them would be good. To create the most accurate definition, you would want to discern which are the most important criteria. Important phrases: overlay, use of audio to supplant real world (likes this definition), define a situation that works, use os supplant. Gamified for motor rehabilitation is a good use case. It is a very broad topic, so there is a lot that could fall under the umbrealla of AAYR, a lot that could benifit from its use.		They are all valid definitions, the definition that Caleb brought up is fantastic as well. Make sure to define what a "web based" environment could be. Simplified is good. Other points are good as well. There is nothing I would really take away, everything is within the bounds of possibility.		Nothing necessarily to be added.

		We will now show you a video demonstration of the  capabilities of  AAYR using a prototype device. Please rate your satisfaction of its performance on a scale of 1 to 7, where 1 is highly dissatisfied, and 7 is high satisfied. Next, please provide your thoughts and ways to improve the application.		A lot of image processing, a lot of AI, a lot of classification, some text id. Object/scene/text id. Text id has come a long way, especially hand written text 6/7, it read that fairly accurate oustide of some mistakes (also very useful). Shape/object id, how did it identify which object is the most userful (foreground, background) 5/7. Scene detection was alright, it got some things, strong image capabilities, a lot of quick processing 5/7.
User's experience: pretty clean, the voice use is pretty good. Advantage of not using hands, as it provides audio cues. The UI was very good in that sense. 		Pretty interesting, overall a 6/7. I think it did well in some aspects over others, like with text, which did better than I expected. This was also better than the scene id. Still needs some improvements in some aspects.
User's experience: overall good, can give it some commands whereupon it gives feedback which is good. Still some room for improvement.
Would have been nice in the video to (video on text on picture in magazine), gives priority to what? Face vs. text vs. image. Does it do the command that it is supposed to do.		5/7, need to recognize what it is and what it is capable of. It is not perfect and needs some room for improvement. Needs more intuitive immersion with the user. Design wise is not super intuitive to use. It has a lot of room for improvement.
User's experience: pretty good, I think that thge general problem was the abilityt to detect certain things and give more detail in information to the user.





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































FG2

		Question		P1 (Matthew Sweat)		P2 (Tony Lee)		P3 (Nina Lieu)

		What is your understanding of AR?		Its like taking visuals and placing them in the area around you. In VR, you completely change you outide vision, while in AR, you add things to that vision.		AR is like a popup/a more advanced version. VR is a more actual world, like a 3D version of it.		AR is similar to VR, but not the full simulation.

		Do you think listening to music, through loudspeakers or earphones, can be considered an example of augmented reality (audio in AR)?		Potentially through speakers yes, but not through headphones. It depends on where the sound is coming (like with speakers to determine where sound is coming from, localize the source). 
What is the media has spacialization? 
I think that is possible to get in ear headphones to that level, I am not sure if the technology is at that point. It is still to limited, it kind of localizes at this point (no up/down). 		I'm not sure how those examples can be translated into AR.
If you could hear it in all directions, that would be AR.		Follows on with Matthew. Headphones makes you more in the simulation, feels like you are really "in it".
Spacialization Q: Headphones aren't quite there yet, not quite as good as speakers.				Localization, add to existing environmental sounds

		According to you, what are the requirements for sound to be considered an application of audio augmenting your reality (AAYR)?		You need to be able to directionalize the sound. At a minimum, at least 5 different zones that can be chanelled to make the sound different = up/down/left/right/center.
You need to add in some elements of what is oustide around you. If you are fully replacint the audio around you, that would not be AR, because you are cutting it out and replacing it. They need to be together, simulated and real audio.		Agrees with Matthew.
Depending on what kind of music you are listening to, AR could help you experience the music better.		Agrees with Matthew.

		Which use cases or scenarios, do you think, will benefit users the most as an application of AAYR?		Hearing aids, could be helpful there, to spacialize that would be effective.
For entertainment purposes, could be great. Sit at computer and watch concert, but audio would be a bit different.		Using it in the metaverse.
When you are working on a project with a lot of noises, it could be used for singling out certain sounds.		Something with GPS, kind of already narrated, but if there was a technology to project something onto the glass in front of you (heads up display). Implement sound into this case, it would make it easier.
Add a surround sound aspect.				Hearing disability, entertainment purposes, isolation for focusing on primary task (reduction of environmental noise), audio aided GPS navigation using HUD (complement the visuals)

		Can you discuss which users in particular might benefit the most in their respective scenarios from AAYR?		Entertainment
Anyone with a hearing aid
Goes very much in hand with VR, both should have a very spacial aspect to it. VR for games, you are replacing noise, AR has same technology, but you can also hear what is arround you.		Anyone who uses entertainment, who has to use it for work.		Teenagers, because we would be the ones using it.
The older generation, would be more interactive so that they could visualize it more. Add another sense to make audio better.				Entertainment industry, teenagers, older users

		In terms of auditory displays, which is the most important aspect, with respect to human hearing, for providing information? (ego vs exo-centric display, spatialized vs non-spatialized sound, speech vs non-speech sounds, amplitude, pitch, etc)		The spacialization is the highest importace of that, without you audio being spatial, it will never feel realistic. That doesn't mean it won't be good, but it won't be realistic. 
Also being able to make a way to not make everything around you not be drowned out by what you are in.		Spazacialaztion is important. Gave AirPods example.		Spacialization and with transparency (AirPods). Hard to separate the two without balance. Not sure how one would make sure not to drown out outside voice, as you only focus on whats in your ears, headphones.				Spatialization for localization, transparency (compare elements of visual and auditory display - have similar and distinctive mapping between the elements) Example: temporal quality. fading sounds, blend with environemnt.

		What form factors (hardware, such as earphones) do you imagine being used in application of AAYR? 		Anything that you make as unnocitable/light as possible. If you are trying to create an environment around you, but still want it to feel real, you should not make something be very apparent, like big headphones. The less you feel it, the better, and more real.
Depends on use case, in house/open room, you need nothing on you, just a proper array/arrangement of speajers.
In AR, there is a difference with VR. You do start to forget what is around you, the headset is at first heavy, but you notice it less and less. I would say that because you are interacting with what is arround you, you need to ensure that everything is unnoticable. That is what let's you start to forget about it.		You have to make it very small, or possibly make something like a chip in your brain. So only you could hear certain things.		Multiple speakers, instead of one all around sound to break up everything.
If this becomes ambient noise [use of AR over time], find the timeframe of how long it takes for that to happen, so that you can have more consistency with ensuring that AR does not dissipate [in terms of its imersitivity].				Least noticeable, small. Time frame after which AR audio becomes ambient audio to ensure audio does not dissipate.

		Based on this discussion, how would you define AAYR?		Agree with Nina. That, but make it as realistic as possible. Make it to the point where you can't discnern between the speaker audio and the real audio. Make it as real as possible.
Could be really great for making simulations. Like with simulation testing. You can put it in to those kinds of simulations in making those more realistic.		We could think of that as 5d audio, for next generation uses: military, entertainment. We could not totally comprehend it now, but that could be different in the future. When you are in a tank/helicopter, use for beter communciation and awareness		Like with movies and surround sound, makes it feel more real.				Indistinguishable between digital and real source, enhancec communication channels, entertainment purposes (games, movies, music), natural voice agents, military training and simulations, increased sensation of otherwise dull activities (driving), increased situation awareness (detect sirens and alarms)

		As an emerging field, what future directions do you envision for AAYR? For example, vision based AR systems  have matured for application in aircrafts and vehicles as Heads Up Displays (HUDs).		Will open up new opporuntiy in entertainment/games. Once it is better developed, AR Games could become very popular.
It would feel like a more realistic VR. VR is great for complete submersion. AR could be just like VR, but with reality, you see yourself in it, rather than replacing VR.
People enjoy listening to their music, singling out music would make people happier and safer. Can get rid of wind, drown out with music, but overlay important noise.		A more developed version of Siri. With simulation and driving, personal secretary.
AR audio could maybe amplify certain noises and deamplify others.		A better version of the windshield thing, but for navigation. Also with music, play honks, outside noise on top of the music so that you could better navigate, be aware of surroundings.
Really helpful for military training, make it more realistic to ensure that people have more pressure to perform. Easier to notice things.
Could be helpful for driving. Driving feels like VR, because you are sitting in a spot going fast. With the oustide noise, you have pressure to react faster, so that you aren't just focusing on music. Make a trasnparency for other noises, like Ambulances.

		We will now show you a taxonomy that was developed after a literature review. Please share your thoughts, comments, and suggestions on ways to improve it.		Definition in E7, needs a little bit more elaboration, but that is the closest to how I feel it should be descfribed, because it specified how you are altering your perception of it. Many defs don't specify that you can still hear around you. You need to specify that you are not just replacing what is around you, but you are amplifying it or adding to it. Otherwise, it would just be audio or VR.
K8 does not make so much sense, because a lot of athletes are almost pupsoefully drowning out audio to focus on vision. By adding audio, you could break that. In the majority of sports you don't have anything blocking your hearing. This could only be needed for subtle things, like adding a microphone between people. There is nothing impeding the audio, they are just purposefully tuning it out.		E12 pretty accurate, E2 pretty interesting. Make a sound of a virtual sound.
It would be cheating for most spots, if you enhance audio. It would be viable if very small [hearing machine].		Bone conduction question. Having headphones on feels constarined, but if you had your ear open it would feel a lot more real.
The only sport that could use audio is shooting/hunting.				Athletes like rowers, cyclists, swimmers, aerobics, rehabilitation, provide feedback based on their actions to provide rhythm, sonification of their motion - training purposes. 

		We will now show you a video demonstration of the  capabilities of  AAYR using a prototype device. Please rate your satisfaction of its performance on a scale of 1 to 7, where 1 is highly dissatisfied, and 7 is high satisfied. Next, please provide your thoughts and ways to improve the application.		Pretty widely depends on its use case, is definetaly impressive on what it picked up, and was relatively accurate. If you are trying to impletement that into daily life, it has a long way to go, because the loading times will drive people insane. It needs to be quicker.more instantaneous. Needs to improve for everyday use. I would say that it is working in the right direction,.		Seemed pretty accurate, like with face recognition. Could be better, because object detection wasn't perfect. 5/7
It is in the right direction, if it could read your mind that would be great, so you don't have to give commands, like Iron Man. Can think for itself and tell you what you need to know.		Actually pretty good, faily accurate in picking up text, like with Apples convert to text, samething with Google Translate. Object detection was pretty accurate, I was satisfied. 5/7
Going in right direction, needs to be faster.				use score's mean, sd, median. keyword frequency. use specific number when reporting results in paper.





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































FG3

		Question		P1 (Mohannad Ismail)		P2 (Jayesh Pandey)		P3 (Manhua Wang)		P4 (Jing Zang)		P5 (Haritha Gnanasegar)		P6 (Sahana Basapathi Srinivas)		P7 (Xiang Pan)

		What is your understanding of AR?		AR is there for some sort of likage between the phisical and virtual world. Having some kidn of reaction that is virtual in soms ense but is interactivce in a physical sense.		The name suggests that you are adding to the existing reality and trying to create different experiences. For example, like Pokemon Go would count as AR. This could be done either with software or hardware implementations/.		For me, AR is something that is virtual but laid on reality. For example, something with a display could br AR, and some games as well. There are also some cases, where someone created video games in their own house, where they play though some glasses.		AR is combins virtual things with reality, like with the heads up display in a car, which has a live map. The screen has a camera that shows a live map in front of you to make directions easier.		AR is something between a reality and a VR, because you are in your real world, but the headset overlays a virtual screen for you to interact with. You are in a sense transported to a virtual world in real life.		AR is when you are trying to augmented reality or overlay reality with images or something to change that reality.		AR is using technical method to combine some special method to the reality in order to help people see and hear differently.				Linkage between physical and virtual world that in interactive, adding/overlaying to existing reality

		Do you think listening to music, through loudspeakers or earphones, can be considered an example of augmented reality (audio in AR)?		Im not sure, I would say that more AR involves some sort of interaction with something connected between the virtual and physical. So music listening would not be the first thing that comes to my mind./		I would say that tehcnicially it is a format of AR, a good example would be the virtual haircut sound, such that you can feel the experience of what a sciessor/barbor is around you. This could count as an AR format. It fepends on whos experiencing it/.		It depends, to some degree if there is a virtual aspect added to that I would count that as AR. And for music, if it could have some localization or left sound channel, that would also count. If it is just plain music, then probably not.		Considering the AR term, audio AR would be asong that relates virtual sound with real world sounds (outside). As far as I know, the environmental frejdnly vehicle is mostly powered by electricity, and when it starts the engine does not have much sound, this has a tradeoff. Without sound can feel differently to the driver than with the sound, so in the future we could emmulate this sound in order to have opeople feel a feeling of starting the engine/car. This seems like audio AR to me.		By augmenting audio on surrounding noises you would be doing AR, like with Noise cancellling, that would be some sort of audio, as it takes out white noise and consistent noise. Standard headphones, maybe not.		Jusyt listening to music is probably not AR, you would need some sort of blend in the reality for it to be considered AR.		It would count as AR, because these daus the headsets develop very quickly and there are  alot of improvements based upon the number of channels. The focus is to make the sound real, so the main focus would be trying to recover the effect that they want to achieve in the best way, to make people feel like they are in the actual environment. As if you were in an actual concert, etc. Currently the technology has a lot of disadvantages and a lot will need to be improved.				No - 3; Maybe - 2; Yes - 2. Simply listening to music through traditional two channel output is not AAR. However, if there was some form of interaction possible using the real world, or if the sound was spatialized effectively allowing for enhanced immersion it could be considered AAR.

		Do you think Audio AR can be a shared experience? Or can it only be considered an individual experience?		Definately, like with 2 players plaing a game. Tow people are sharing the same AR medium and would be sharing the expeirence.		It can be shared, like if you were talking to some kind of voice assistant. So mylitple people could talk to it at the same time to solve some tasl.		It can be, but it depends on the tasks. If they have somegthing interactive that they can share among two or more people that also involves sound, that could be a shared epxerience, but if it is something that someone want sto enjoy themsleves, it could be single. It is possible to make a shared experience, like with dancing together or playing some games together or just in sharing some audio.		Most AR does not have heads up equipment, so it would be shared. It can be private with the single headphones, but without it coul be sahred.		I do not thing so, because I agree with Jing. Considerfing that Audio AR is personal, like with headphones, it can't be shared/.		This technology can be seen as indivudual and shared experience, like with gaming.		They can be shared. Some example would be like giving a alecture to a group of stduents with an evolved form of AR. Like you are trying to duplicate a single environemnt to multiple individuals. They are recieveing teh same information at the same time				No - 1; Maybe - 3; Yes - 3. It can be shared if people are receiving the same information, but it will depend on the individual's task. Could also depend on the form factor used to provide AAR, if it is strictly personal devices, it might not be a shared experience.

		According to you, what are the requirements for sound to be considered an application of audio augmenting your reality (AAYR)?		The requirements for AAR are the same for any type of AR, it needs to have some kind of interaction with the real world and virtual world. Although this will contain a lot of visual components, audio components can further augment this experience.		Hardware requirements are a must, you need those components to bring those features to reality, or to AR. They could exist without virtual effects, so you could use audio effects instead, but the hardware components are a must.		Based on the definiton of AR, there needs to be something both virtual and in our real life, plus with audio. I personally would love to have a visual type thing if there was that audio capability. But it also depends on the person who can experience something that is not only visual. Needs to have virtual component and reality aspect. Different types/aspects of sound can appear in both section, like with vibration which could also be emulated.		First AR has to contain reality in someway, and the augmented audio part means it has some relation to the real world but is virtual. You can combine these in differfent ways.		You have an understanding of the surrounding and you aigment it with something. So you must be able to hear what is arround you, and the tone that you pick up could be the augmented one that is being overalyed by the system. The augmentation is what you hear mostly.		The audio is not AR on its own. SO it depends on the context or space. I would like to have a sensation. Are they enhancing my reality just with the audio.		Good hardware. To make people believe what they see is real, you need good tech.				Interaction between virtual and physical, hardware capabilities, virtual sound is the primary sound and real sounds are part of the soundscape, context driven.

		Which use cases or scenarios, do you think, will benefit users the most as an application of AAYR?		Retelling a story or some part of history and having that AR and audio part come in. Like with a battle, with its visual and audio components. That would give a fully immersive experience.		The voice notes in the zoo, that would enhance your excpeirence of reality by helping you learn more. The audio aid to the visual component will help.		It would be great if I was walking in some great place (like the aquatic center./aquarium), and you can hear something from headsets/bone conduction headphones that tell me a lot about these creatures or mimics their sound, that would augment my experience.		Contents like with cars. If the mysic can contain something wit hthe outside, so people listening to the music can still understand what is going on outside, but will also give feedback to the driver as they drive.		Movie theaters. When you are watching a movie, audio AR could be good.
Online meetings with Zoom to make you feel like you are actually there.		Music industry, people who can come up with creative stuiff in the music spacve.
The classroom environment to make it more interactive. To make more creative		Videogames and the metaverse would involve AR. Social activities like presentations too.				Recreational acitivies such as going to a museum, aquarium, zoos/safaris, spatilaized audio in movie theaters, Zoom meetings, music production, VR applications; adding additional environmental sounds to improve SA. 

		Can you discuss which users in particular might benefit the most in their respective scenarios from AAYR?		People with disabilities would have the most abenefit with this. Integrate AAR with critical applications can help them become more independent.
Also fir those looking for unique entertaiment.		People with disabilities related to audio may get the most benefit. Build a layout for them of getting through some parts of an area or city, and you could coordinate wth public tranpsport. Voice assistant could help here.		Those who have visual impairment, temporarily or permanently. Those with those disabiolities or people whose visual capabilities are occupied by other tasks can enhacne their curfrent epxerience with AAR.		For those doing visual tasks, because they visual tunnel could be closed, but their audio tunnel is open. So AAR could help with those tasks.		Visual impared folks, so that they have an additional layer of sensory to navitage around something.
A lot of Youtube content creators could use it to make their videos more attaractive/appealing to viewers.		The youth, and the people who are young. Those who listen to muisc or watch movies and could get into this technology. IT could benefit most other age groups as well.		People who have disavilities in the eyes, AAR could help them learn something trhough sound.				Visual (x4), auditory (x2) impaired individuals, youth (x1). Visually intensive tasks.

		In terms of auditory displays, which is the most important aspect, with respect to human hearing, for providing information? (ego vs exo-centric display, spatialized vs non-spatialized sound, speech vs non-speech sounds, amplitude, pitch, etc)		The direction, being able to tell if its from the left or right, front or back. The intensity of the sound itself and the cues and timing of them are all very important factors that contirbute to the expeirence itself.		It should not be something visisble or somethin that you should put on. It should be apart of the environment. Should it comes outside, or from within your head? It depends upon the task, like entertainment coulud be outside the mind, but audsiobook could be inside the head		The intensity can be one. As you get clsoe to something ytou can inraese intensity. Or could use intensity to carry some information, some level of importance.		The interface between people and the audio shoud not be that visible. It should be more immersive, for examnple if you wear something like a headset, taht wouldn't be so immersive.		Intensity is important, like with how close you get to something, that is important. Direction is also good.		Space and direction are important, You could make it more sensetivie to the movements of the head, like with Airpods, etyc.		Eliminate the feeling that the device will bring to the user. When I head you with my headset, for example. It would be great if I could put nothing on and recieve the information directly from the environment.				Spatialization (x2), intensity (x2) and temporal variation, environmental preferrably with seamless interaction,  minimal hardware (x3)

		What form factors (hardware, such as earphones) do you imagine being used in application of AAYR? 		Portability is very important. I;ve used hololens and many other AR systems which are very bulky and not portable. They should also have enogh good hardware communcation so that they are lag free. Not being annoying to the user using them is good, like with earphines and headphones, which should not be intrusive or uncomfortabe.		The hardware which we have right now could improve a lot, they are quite bulky for example. They are also not as powerful as they can be, like with processing. And those that are are very expensive. Also battery life is important if you are going to integrade Audio AR into our real life. Need a long battery life.		I wear glases so a lot of headset would hurt. I prefer something that can attach to my glasses or will be nonintrusive. It should not be too uncomfortable, which may redue or damage my experience.		I agree with Manhua about the glasses. It would be great if you could listen to music wearing your glasses, such that it would not be too intrusive, and using a phone to conduct/connnect would be good.		If you will be doing over the ear headphones, they need to fit your head, because they can hurt your head. I prefer in ear headphones. If they are wireless, batteires and portability is imporytant, it needs to be used not just at home.		Being ligt and being able to be used across various devices is important and it should be comfortable to be used over long periods of time.		Like with homecinemas, that provide... (I missed this one I think)				seamless interaction, unnoticeable hardware, unnoticeable latency issues, improved battery life, combine with existing hardware such as glasses.

		Based on this discussion, how would you define AAYR?		Based on what I have seen, it is not meant to be a stand alone exiernce, but should enhance the total visual experience of it as well. But its meant to add a lot of newer functionalities that makes practical jobs and even enteryianments more feasable and easy to access in a sense.		I would agree with Manhua, as it can optimize a solution that already exists, especially for visually disabled persons. With the help of this, this device could use cues like vibrations to help people.		AAYR is more like using the audio to either assist or enhance your expeirence of real life. A large difference of it from the traditional AR is that it not only enhances enteritainment, btu qalso in completing something.		At the begginig I was only thinking about how it can give people information, but with what you have showed us there is a lot of room for interaction with people, which should be considered.				When I think of AR now, i think of mostly an immersive environment that can be as immersive as possible. I think that we can do that with current tech and sensors.		I agree with Mohannad, I believe that the application that we saw is with the visual AR as well. Currently audio AR has a very large room for improvement, especiallyin the performance and human use part. The application fo Audio AR is currently underrated and there are large potential for it.				used with visual AR, make primary task easier, assist/enhhance experiences, social interaction.

		As an emerging field, what future directions do you envision for AAYR? For example, vision based AR systems  have matured for application in aircrafts and vehicles as Heads Up Displays (HUDs).

		We will now show you a taxonomy that was developed after a literature review. Please share your thoughts, comments, and suggestions on ways to improve it.		The taxonomy outlines several factors which we have already discussed, and some are new, like with bleinging: combinig virtual and real sounds. You may have to make sure they dont interefere here. Surgical devies would also be very interesting but also ptentially contraversial withtheir intrusiveness. I like the idea of using it for workers working in dark environments.				I think that this taxonomy is very comprehensive so far, and I saw a lot of AAYR aspects and different aspects of definitions, environments, and a lot of stuff that can AAYR can apply to. I like how you outlined audio and AR differently. There is a lot in the audio taxonomy that interested me, like the keynote sounds, that is very comprehensive.
I'm thinknig about how some of the users may be limited in some ways, like you should link users to the form factors, which form factor most benefits a certain user, or group of users. Like with workers in dimly lit environments, some devices are more useful than others. You can maybe link the user with a form factor that can benefit them the most. Some users might like only benefit from one or two form factors.		I focus on the aspects on those users who would benefit from AAYR. I used to run at night on the road and would use headsets and noise cancelling headphiones, which are dangerous in that case. Maybe we can link users needs with the sounds that they need such that it will improve their ability to do certain things.		I like this, because it kind of gives me an overaly of what are the different use cases/form factors present. I do like the sonification of real world environments. Adding things like these is very interesting. Blending was a new concept to me, as I though of audio AR as overlaying audio and information.		I think you could take a use case and users and give a whole scenario so that we can relate to it better, instead of breaking it down into individual cases.		This taxonomy is very comprehensive, I see a lot of points have already been discussed and covered in our combersation. It is good to have recovered some points from here. This kind of AR tech can be applied by medical tech, this can be really interesting, and have me some new ideas, and could chang ethe medical experience.				virtual and real sounds should not interfere. link users to form factors and rank them, provide scenario/context/use case

		We will now show you a video demonstration of the  capabilities of  AAYR using a prototype device. Please rate your satisfaction of its performance on a scale of 1 to 7, where 1 is highly dissatisfied, and 7 is high satisfied. Next, please provide your thoughts and ways to improve the application.		It already provides certain surfaces that have much better mechainsms that are providing for it already, like with text recognition. The sound was quite distracting, and not that good in terms of its practicablity, I would not want to hear that all the time. The interfact should be improved also as it does look a bit prototypey. The scene identifier is good, and if refined could be fantastic. 6/7.		It could be a great tool for visually impaired people, and the processing was pretty fast,so that is a plus point,. Though the bird chirping sound was quite irritating. The device is almost like earphones which can be plugged in, which is nice and looks pretty lightweight, so that is a good point. I give it a 6/7. Though it could be imrpoved, as a prototype it is good.		The computer vision of the software seems pretty advanced and can do a lot of things. In terms of its feedback, its good that the user knows that the system is processing, but it is a bit high pitched, which can be uncomfortable. As for the text recognition part, if it has more breaks between sentences that would be great, because it currently connects everything together. With scene recognition, irt would be nice to have some keynote sounds that will help in listing of the objects or scenes detected. This is a 5.		I would agree, it did sound a bit annoying. The captrure sound and analyzing sound is different, but it should lower the pitch. There should also be a priveate and shared mode. A shared mode would have a lower grade, but a private version would have a higher grade, so a 5.		So for this one, the consensus is the sound is annoying. The fact that it is a beta, its pretty good, though if I were using it everyday it needs some tuning and refinement. There was some slight lag that I would like refine a little bit more. It should also be private for you, I would give it a 6/7.		The UI could be better and the gestures/the bird sound was wierd. For those visually impaired persons, if there was a better way to improve how they interact with the system that would be good. I am not totally sure how a visually impaired person would use it, but everything else was quite good.		I agree with Manhua that the high pithched noise is a bit annpoying. I also noticed that when the app is applyedto the  environments with a lot of different subjects, the feedback can be kind of bad, and the feedback can't give too many details in this detection. This can be more improved.

				imohannad@vt.edu		jayeshvp@vt.edu		manhua@vt.edu		jingzang@vt.edu		Aghari19@vt.edu		sahanabs@vt.edu		xiangp@vt.edu



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































FG4

		Question		P1 (Muskan Gupta)		P2 (Caitlyn Sanford)		P3 (Jonah Lee)		P4 (Luke Hylton)		P5 (Morva Saaty)		P6 (Matthew)

		What is your understanding of AR?		Its computer generated, virtual immersive experiences in real life. Like you can see that or hear that in real life.		Instead of seeing what you can see with the naked eye, you are adding a layer to the real world so that you can see more with the added technology.		It shows a component from the virtual world in the real world, layered over, like a camera.		Putting a virtual layer and virtual components over the real world		AR is layering over what we can see or listen in the real world.		Bringing virtual things into the real world by virtually stimulating senses. The idea of bringing in visual inputs or audio inputs into our world, like Pokemon sitting somewhere. It has sounds and you can see something on your phone. If we find a way to stick you in a suit and make you feel something, that should be also counted as AR, even if the technology is not there yet.				Layering virtual content over the real world to perceive more information than what is present in reality. Perceiving anything that does not exist can be considered AR.

		Do you think listening to music, through loudspeakers or earphones, can be considered an example of augmented reality (audio in AR)?		Im not sure if music is AR, but if it is someting like, supose a live concert which you are listening to, and it gives you the feeling of being there while not actually being there, that would be mroe so simulating reality through audio. That also makes me wonder if talking through someone as we are doing right now is AR, at least in terms of sound. How do you define audio that is augmented and what is not?		I agree with Luke and Muskan, they should be combined rather than being a part. With live music, if I feel like I am there, that would be AR.		It is, because if you go by the definition it adds a layer to the real world, then you can still hear the outside real world with the added layer of new sound.		I would not normally consider music to be AR, as it is more of a visual stimulus, but if they were together (like with Pokemon Go), maybe that would be AR.		Yes I think it could be, because when you are listening to music and the sounds of the music are not happening in the real world, but you can still hear it, that would make it audio of AR.		It would only count if the headphones or something that other people can't hear, something that is only designed for you. The case of any recorded noise being played throgh music, compared to a person plahying the piano or screaming would be no different. It would have to be something that is only heard by the personal user and it may have to do with how the audio is being used. There should be a bit more nuance between how it is being used and what people are able to hear it in a certain given area.				No - 2; Yes - 2; Maybe -2. Yes, if only a single person can perceive the music coming from headphones or similar device, a live concert is not AAR because everyone can perceive real sound, and also because it is adding a layer of auditory information on top of the existing environmental sounds. Context driven.

		Do you think Audio AR can be a shared experience? Or can it only be considered an individual experience?		It can be a shared experience, but I don't know how. With visual experiences you can see other people doing things, but you can't hear them doing that sound. How do you make sure that you both are listening to the same sound while being in different places. With audio, that could be a little tricky to make sure that the other person is paying attention and listening to it/		I do not think so, because even if two people are in the same AR, they may not feel the exact same thing.
Even if we are just talking about things with our naked eye, we all perceive things differently, so your reality differs across the individual person and how much they enjoy it or what they see.		It could be a shared experience, like with Pokemon Go, where you can share you phone and you can both experience the same thing and sharing the experience.		Audio can be a shared experience, if multiple people could hear it at the same time. Then you can share the experience with many people.		I think it could be a shared experience, for example if my friends and I could listen to music simultaneously, that could work. Like if we all play the music together while all being in different locations, with a shared AR it would be great		Yes, auditoy AR can be a thing. I think it has a lot to do with how you use the AR. I think the difference between using audio technology vs. AR would be the intention behind said auditory inputs. If it is simply to make a sound unreated to modifying reality, like a sea shanty playing in a bar or jaunty music when riding a horse, like in a videogame. That may need GPS tracking.				No - 2; Yes - 3; Maybe - 1. Yes, if individuals in geographically different places can listen to the same auditory information. No, because even the same auditory information may not provide the same effects on two individuals. Context driven, depending on the individuals' goals can be shared AAR.

		According to you, what are the requirements for sound to be considered an application of audio augmenting your reality (AAYR)?		One aspect could be the sound making you all feel like you are together, or having that feeling of being somewhere else or being with a group of people.		I am often distracted by my visals, but if you block your vision just to deal with the audio so that you can make your own vision, that could be AR./		You want to be immersed, but for it to be AR, you have to still be able to experience the real world. This is different to simply just having a different reality.		If it has an immersion experience, that could be AR. Or if it has a visual expeirence along with it, so that it is visual and audio, that could add to the experience.		I also think that one of the main charactersistics of AR/VR is the immersion. If the audio is immersive in an environment where you can't hear other sounds, like with noise cancelling headphones, that would be great.		The differenfec betweemn VR and AR is that the Pokemon includes interaction with real world as they appear on the ground or in the "sky", vs. strapping on a headset and it is floating nevulously in a spot. If you use noise cancelling or tech like that which is used to immerse yourself in a different world, that would be transporting youself to an entirely different reality, albeit rooted on Earth rather than a fantasy world. AR needs to cooperate with real reality to enhance your experience by either having some sort of helpful thing or something stupid and silly. It would have to cooperate with the real world.				Provide sense of belonging/collectivism, audio overlap visual informationt to improve focus, immersion equal to visual AR, omit noise form environment, interaction + immersion within real world.

		Which use cases or scenarios, do you think, will benefit users the most as an application of AAYR?		As we all are working virtually, if we could hear each other or hear office sounds, or have a feeling of being together, that could be great. It could be like ambient sounds, it needs not be a headset. It may help in increasing productivity, like working in the virtual world.
Augmented audio could also be used with visual things around you. Say that you were in a museum or a historical building, it could give out some sounds to mimic the era, to feel more like you are in that zone or environment.		With music, you could create live like concerts.		Calming music to make you more productive could be great. What you listen to can change your mood and enhance how your work/what you do. So if you are working from home but you like the random office noises, if you can hear those sounds, it would immerse yourself in it, but you could stay in the real world.		Business meetings or meetings where you could have that different experience
Video games; music concerts
Military or police training could be great for use with AR.		When you want to do meditation, AR audio could enhance your experience and focus on different sounds.
Video games for sure, AR would help you immerse into the game and focus on playing.
Listening to music in a different way, like with immersive feeling of being in a concert.		Hearing aids are already some form of AR, as they increase sound. A slight modificiation would be to dampen out irrelevant noises and boost useful noises, like in a cafe, you could cut out all other people and only focus on who you are talking out. Also if a car was running towards you, the audio could kick in to warn you to get out of the way. Also, alarms could be some sort of AR, like with voice assistants where you can ask things. If you could also see these things that would be AR.
Videogames also, that would be great for the industry.				Adding keynote sounds to enhance our real soundscapes (office sounds when working from home, meditation), museum tours, virtual live concerts, video game experiences, affect modification, military+police+fire fighter training, mask or omit noise from environment, voice assistants.

		Can you discuss which users in particular might benefit the most in their respective scenarios from AAYR?		It could be useful for people who are visually impaired to be part of the whole AR experience. 		It would be helpful in education, so from the age of 5 uptil when you graduate from college. Connected to history example in prev. question.		People trying to start a new job, the job training could be done through AR, like with training to work in a factory. This could get them immersed into the factory and understandnig what it is like in that environment.
Poolice also, who can learn/practice or get them trained to their job.		It could help college students learn a lot as they learn tech fast.
It could help those visually impaired as well.		Young adults, because they tend to learn new technoogis and softwares quickly. College and grad students could use this greatly. 15-35 age range.		Those with slight hearing impaired, to help them boost sounds to expereicen the world more.
All other ideas covered.				Visually impaired (x2), education programs, factory worker trainees, military+police+fire fighters, young adults (15-35 years), hearing impaired (x1) 

		In terms of auditory displays, which is the most important aspect, with respect to human hearing, for providing information? (ego vs exo-centric display, spatialized vs non-spatialized sound, speech vs non-speech sounds, amplitude, pitch, etc)		I agree with making the sound 3D. The main thing I can think of is not just thinking of distance in 2d, but in 3d, so that the sound can come from anywhere, not just a linear distance. It could be like a sphere, and it could come from anywhere. The user should get a feeling that it is not just coming from the room.
It should be as close to sounding like real life as possible, not just sounding like it comes from a device.		To create an audio reality, you have to mimic normal everyday life. And having it inside your ears makes people associate it with headphones, which mimics everyday life.		It depends on what you are doing. For music it does not matter where it is coming from, all around you or one direction. But if you want to be immersed in a game of triainig couse, you wouldneed that 360 sound. You also would need a distance effect to for the sounds.		It would have to be that spacialized sound, so that you can make people feel that they are immersed. Adding that 3D experience can also help people visualize that sound better.		I also think it depends on the technology and the condition that you want to use it for.
Like in the gaming industry, 3D audio would be great, so that you can listen to the person that is shooting to determine where it is coming from.
For listening to music, you do not need 3D AR audio, I just need to be immersied		It depends on what you are going for. If you are going for say Pokemon Go but for an auditory experience, than then audio has to sound like its coming from whereever the creature is or where the sound should be coming from. If you are going for more of an overlay, like the visual things poping puo (notifications opoing up in glasses), it would be acceptable to be how it is now - in your head. 				Spatialization/3D virtual audio appearing to come from a real source. Immersion can vary with context.

		What form factors (hardware, such as earphones) do you imagine being used in application of AAYR? 		I agree with all the points, I do not have anything to add here.		Little drones flying around playing sounds. I think it could be a shared experience then with this type of technology, but their experiences could still differ.		Speakers could create an AR kind of sound, and would help you immerse yourself into the world around you. They could also work like pretending that you are in a specifc place, like in a jungle.		I agree with Jonah, especially with organizing the speakers to implement AR audio. A headset with speakers in the ears for audio capabilities would be great too. Or you could just add it to existing tech.		Headphones can have AR audio. If the headphines have a button to change whether you are listening to something with AR audio vs. normal, that would be a great feature to existing applications.		It can look like anything depending upon what you are doing. If you have holograms like with the Harry Potter World, you can have certain concerts where you are taking something from the virtual world and are putting it onto to the real world. You could have also something like a speaker strapped to your back to play some kinds of music depending on what you are doing.				Drones flying overhead and providing auditory information through loudspeakers, traditional speakers in the real world, headphones with AAR acitvation button. Context driven.

		Based on this discussion, how would you define AAYR?		Audio AR is something that will immerse your senses or augment your senses based on audio and help define what is infront of us or add to the audio that is currently there. It could augment/enhance our senses/sounds.		Audio AR is something that can enhance your reality and not fully change it.		It is audio that enhances you physical environment without fully seperating you from reality.		I woud say that maybe adding audio elements from a compiter generated software that could add to the real world environment, but not take away from it.		This is audio that augments the experience that you are now experiencing. It could be somehow enhancing what you are experiencing in different senses.		It is audio created by a machine to enhance you reality, whether it be adidng something from a virtual world or becoming one of your other senses, like vision.				immersion + define reality better for user, not fully change it,  not take away from it, 

		As an emerging field, what future directions do you envision for AAYR? For example, vision based AR systems  have matured for application in aircrafts and vehicles as Heads Up Displays (HUDs).

		We will now show you a taxonomy that was developed after a literature review. Please share your thoughts, comments, and suggestions on ways to improve it.		I was looking at the karaoke, so would that be like auto tune? That is sort of building upon your original audio and adding a layer on top of that.		It is great how it can track your orientation to specifically place the sound, as this could be great in a video game, like when you turn around in this kind of a virtual space. Trying to figure out how t best place sounds is iomportant.		With the athelets as users, they could benefit from this a lot. During track practice we would be able to listen to music, as that could get you hyped up, but you can't do this at a competition, like with cross country. They could definetely benefit from it in these cases		Somethuing you can add to users and use cases is teaching, espeicially with online learning. One oif the definitions is doubled, 		You can add the challenges of using it and the benefits that the users could get from each use case. How could the AR change how the users interact		The organization is a bit tricky, is everythying linked across? It was a bit odd going across it as if everything in a row was connected. I would explain that somewhere, to help people understand.				autotune - changing real sound source by modifying it so a new layer is added; teaching/education use case, challenges and benefits for each use case, interaction tehcniques, make connections between different aspects of AAR

		We will now show you a video demonstration of the  capabilities of  AAYR using a prototype device. Please rate your satisfaction of its performance on a scale of 1 to 7, where 1 is highly dissatisfied, and 7 is high satisfied. Next, please provide your thoughts and ways to improve the application.		I think that it will be very useful for someone who is visually impaired and may need some help to figure out their environment. Especially in wanting to see something like what a book may be about. I was assuming that this application will depend something based upon what a sound is, before I saw the video. The colors may be useful for someone who is color blind, like with traffic lights, and which is on. 6/7.		I thought that the tech was interesting, though it was not perfect, like when it was detecting images, like on the railroad tracks. That could be improved, but it is in its early stages. This could be great for people who need something to be read out to them. Some of this may not be tremendously helpful to many people though. I would give it a 4.5/7		I was a little confused on what was going on. 
Then yeah I did enjoy it, there were definitaly some mistakes made, it did recoginze a lot though, so that was impressive. 5 or 6/7		I thought its use cases were practical for certain groups of the population, but it may not be tremensdously helpful to everybody. It was fairly practical though. 5/7		I liked how it works, but the noise is not great, as it is unrelated to what is happening after that. Overally it is good, I would give it a 5/7.		I would say that it is very impressive for what it can do at the moment, though there is room for improvement. Given the uses for it right now, I think that it is a useful tool, the naming of colors may not be useful though. 6/7, because there is likely more you could add to it.

				muskan@vt.edu		caitlyns@vt.edu		jonahjlee10@vt.edu		lnhylton@vt.edu		morvasaaty@vt.edu
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Combined Data

		Questions		EI1		EI2		EI3		EI4		EI5		EI6		FG2		FG3		FG4

		What is your understanding of AR?		Overlay		Convey novel digital information. Shared experience - yes.		Visual interaction, registration, and perception of virual information in the physical space. Can be multimodal.		Digital data to understand the physical world by adding to it.		Transparency, overlay new digital or audio components integrated with reality		Enhance experience/perception of real physical space				Linkage between physical and virtual world that in interactive, adding/overlaying to existing reality		Layering virtual content over the real world to perceive more information than what is present in reality. Perceiving anything that does not exist can be considered AR.

		Do you think listening to music, through loudspeakers or earphones, can be considered an example of augmented reality (audio in AR)?		Confidently Yes		If only digital sounds and no real sounds, that is auditory VR.If real sounds audible, yes it is AAR. 		adaptation dependent may be perceiving virtual sounds as real sounds, then it is no longer AR. Hence, AR definition dependent. Have to define reality to understand what the augmentation is. Listening to music is AR? No		How music augments reality. If audio not related to reality - not related to user's immediate surroundings or user's task - not AAR. No leaning. Sonification that interpret the real world can be AR - helps understand environmnet.		Story telling aspects qualify to be AAR - sound induced experiences. Context driven YES.  Immersion can vary.		Context driven. If music actively helps in performing a primary task, YES. Electric guitar sound in person is not AAR - not augmenting anything.		Localization, add to existing environmental sounds		No - 3; Maybe - 2; Yes - 2. Simply listening to music through traditional two channel output is not AAR. However, if there was some form of interaction possible using the real world, or if the sound was spatialized effectively allowing for enhanced immersion it could be considered AAR.		No - 2; Yes - 2; Maybe -2. Yes, if only a single person can perceive the music coming from headphones or similar device, a live concert is not AAR because everyone can perceive real sound, and also because it is adding a layer of auditory information on top of the existing environmental sounds. Context driven.		YES: 8; NO: 7; MAYBE: 4		Audio should supplement, not completely block outside audio. 

		According to you, what are the requirements for sound to be considered an application of audio augmenting your reality (AAYR)?				Any digital audio is AAR - but real sounds have to be audible.		Registration and interaction with physical world. Context dependent. User goal or task dependent. 				Spatialization to denote location of source. Navigation purposes. Stream segregation to distinguish sounds over natural environment. Unobtrusive.		Unique layered display of auditory information that adds to what is already there. Has to be meaninfully enhanced. 				No - 1; Maybe - 3; Yes - 3. It can be shared if people are receiving the same information, but it will depend on the individual's task. Could also depend on the form factor used to provide AAR, if it is strictly personal devices, it might not be a shared experience.		No - 2; Yes - 3; Maybe - 1. Yes, if individuals in geographically different places can listen to the same auditory information. No, because even the same auditory information may not provide the same effects on two individuals. Context driven, depending on the individuals' goals can be shared AAR.				Transform real sounds (noise) to something pleasant (signal). In between augmenting and diminishing reality. 

		Which use cases or scenarios, do you think, will benefit users the most as an application of AAYR?		Haptic feedback can be consdiered AAR. Lower than 20 Hz can be felt, but not heard. Dependent on user task.		AR can use all senses. Audio can fill gaps due to sensory inconsistencies.		Visually impaired individuals, use audio to extend their percepetions. Multimodal AR for training purposes, embodiment of virtual information.		Visually impaired. Visually distracted (driving) - multiple resource theory. Sonify physical elements such as friction coefficient into audio to understand environemnt better- AAR.		Navigation, search operations, entertainment - games, militray training purposes, over ears for finding things.		Assistive technology - navigation, rehabilitation. Education - enhance remote learning, shared classrooms. Entertainment - music, games, movies.		Hearing disability, entertainment purposes, isolation for focusing on primary task (reduction of environmental noise), audio aided GPS navigation using HUD (complement the visuals)		Interaction between virtual and physical, hardware capabilities, virtual sound is the primary sound and real sounds are part of the soundscape, context driven.		Provide sense of belonging/collectivism, audio overlap visual informationt to improve focus, immersion equal to visual AR, omit noise from environment, interaction + immersion within real world.

		Can you discuss which users in particular might benefit the most in their respective scenarios from AAYR?		Could be everyone, even deaf persons.		Those with hearing loss won't benefit from AAR. Present information when necessary. Temporally scalable use cases.		Those with limited vision or other modalities. Aural AR concerts in a physical space. Entertainment use cases for users in everyday life. Everyone can benefit to an extent depending on context or use case.		Users whos visual channel is occupied. Context driven - constraints of visual perception. Better perception of quantity through sonification than visualization.		Viusally intensive tasks benefit from auditory channel, offload certain workload. All entertainment purposes. Visually impaired, search operations.		Age based users. Experience based users. Controlled exposures to avoid becoming overwhelming.		Entertainment industry, teenagers, older users		Recreational acitivies such as going to a museum, aquarium, zoos/safaris, spatilaized audio in movie theaters, Zoom meetings, music production, VR applications; adding additional environmental sounds to improve SA. 		Adding keynote sounds to enhance our real soundscapes (office sounds when working from home, meditation), museum tours, virtual live concerts, video game experiences, affect modification, military+police+fire fighter training, mask or omit noise from environment, voice assistants.

		In terms of auditory displays, which is the most important aspect, with respect to human hearing, for providing information? (ego vs exo-centric display, spatialized vs non-spatialized sound, speech vs non-speech sounds, amplitude, pitch, etc)		Demographic dependent. Personal choices.		Same principles of audio displays apply to AAR.		Scenario or context dependent. User need dependent.		Audio spatialization through head tracking and head related transfer functions. Place audio source anywhere aside from left and right of user (stereo sound)		Representativeness of auditory cues to minimize mental workload, latency issues for immersion, reduce any nausea. Work in tandem with natural environment and people. Spatialization to easily distinguish sounds.		Convincing spatial display and interaction. Increased immersion.  Depends on the needs of the experience. Acceptable enough HRTFs and room acoustics so user do not immediately reject the image. Virtual space and real space should not completely contradict each other - unsolved.		Spatialization for localization, transparency (compare elements of visual and auditory display - have similar and distinctive mapping between the elements) Example: temporal quality. fading sounds, blend with environemnt.		Visual (x4), auditory (x2) impaired individuals, youth (x1). Visually intensive tasks.		Visually impaired (x2), education programs, factory worker trainees, military+police+fire fighters, young adults (15-35 years), hearing impaired (x1) 

		What form factors (hardware, such as earphones) do you imagine being used in application of AAR? 		Demographic and context dependent. Goal relevant.		When required, the auditory information can become part of the environmental sounds as a shared experience, but otherwise remain accessible to individuals that need it. Consider comfort and function trade offs.		Bone conduction, lightweight, auditory implants in the human body		Smaller, simpler. Understand environment. Separated instruments for tracking, sensing, displaying.		Headphones inside ear or around ear to remain aware of outside environment. Bone conduction earphones but with better localization features; current BC are not good with exernalization or elevation 		Bone conduction and Open back headphones (allows to real noise in in a natural manner). Feedback loop in shared environment since real world is altered. Binaural loud speakers in real world is AAR; the speakers can dominate real sounds in a small space though. Virtual sources can be more or less spread out based on speaker locations. Virtual and physical perspectives/images must match for satisfactory AAR experiences.		Least noticeable, small. Time frame after which AR audio becomes ambient audio to ensure audio does not dissipate.		Spatialization (x2), intensity (x2) and temporal variation, environmental preferrably with seamless interaction,  minimal hardware (x3)		Spatialization/3D virtual audio appearing to come from a real source. Immersion can vary with context.

		Based on this discussion, how would you define AAYR?		interactive sonification related. action means user task?								AAR is not hardware focused, unlike visual AR. Provide diff sense in conjuction with the real world. Any audio that does not interefere much and perceive some other information.		Meaningful enhancement of the sounds of a physical spce by adding virtual information		Indistinguishable between digital and real source, enhanced communication channels, entertainment purposes (games, movies, music), natural voice agents, military training and simulations, increased sensation of otherwise dull activities (driving), increased situation awareness (detect sirens and alarms)		seamless interaction, unnoticeable hardware, unnoticeable latency issues, improved battery life, combine with existing hardware such as glasses.		Drones flying overhead and providing auditory information through loudspeakers, traditional speakers in the real world, headphones with AAR acitvation button. Context driven.

		As an emerging field, what future directions do you envision for AAR? For example, vision based AR systems  have matured for application in aircrafts and vehicles as Heads Up Displays (HUDs).		is sound feedback or instruction? can define is some sound is AR or no. but according to him, all sounds are AR. The turn signal here is for the driver; other drivers don't hear the sound, only see the visual stimulus (orange turn signal). so it is reminder/feedback.														used with visual AR, make primary task easier, assist/enhhance experiences, social interaction.		immersion + define reality better for user, not fully change it,  not take away from it, 

		We will now show you a taxonomy that was developed after a literature review. Please share your thoughts, comments, and suggestions on ways to improve it.		Providing audio cues to only those who need it, for day to day use. Perceived reality - diminishing reality, noise masking. Healthcare sonification papers - trimlab MS students. cite previous driving related papers. Tim Zimmer audio games. Autism, dyslexic individual benefit from AAR. Blended sonification - thomas harman, ICAD. Working memory analogy - work with 2-4 bits of information at a time; accuracy drops with auditory information - requires training.		Loudpseaker sound is AAR - yes. Removing certains environment sounds is AAR - yes. Have a high level taxonomy as well as a detail level taxonomy (hierarchical)		Physical reality registration. Animating physical objects with sounds - not AR? Separate Training and Education use cases. Location based audio spatialization - understand how sound would behave in a specific location. Add entertainment use cases - selective concert goers - those not interested can choose an individual different audio display. Individual AAR is good but should not hinder ability to communicate with others in the immediate physical world, if not in a better way. AAR should not create individualized echo chambers - social collaboration must exist. Equity issue between those with access and those without.		Hierarchical taxonomy. Electric guitar sound - not AAR. 				Mulitple layers of audio. Categorize based on complexity and context with primary task. Consider temporal aspect of layers since all layers are not available at the same time. Interaction dependent, complexity and context of sounds.		Athletes like rowers, cyclists, swimmers, aerobics, rehabilitation, provide feedback based on their actions to provide rhythm, sonification of their motion - training purposes. 

		We will now show you a video demonstration of the  capabilities of  AAR using a prototype device. Please rate your satisfaction of its performance on a scale of 1 to 7, where 1 is highly dissatisfied, and 7 is high satisfied. Next, please provide your thoughts and ways to improve the application.												Prioritize hardware based on use case. Removing sounds not AAR.		use score's mean, sd, median. keyword frequency. use specific number when reporting results in paper.		virtual and real sounds should not interfere. link users to form factors and rank them, provide scenario/context/use case		autotune - changing real sound source by modifying it so a new layer is added (transformation); teaching/education use case, challenges and benefits for each use case, interaction tehcniques, make connections between different aspects of AAR







Image

		Digital data to understand the physical world by adding to it.		Transparency, overlay new digital or audio components integrated with reality		Enhance experience/perception of real physical space

		How music augments reality. If audio not related to reality - not related to user's immediate surroundings or user's task - not AAR. No leaning. Sonification that interpret the real world can be AR - helps understand environmnet.		Story telling aspects qualify to be AAR - sound induced experiences. Context driven YES.  Immersion can vary.		Context driven. If music actively helps in performing a primary task, YES. Electric guitar sound in person is not AAR - not augmenting anything.

		Registration and interaction with physical world. Context dependent. User goal or task dependent. 		Spatialization to denote location of source. Navigation purposes. Stream segregation to distinguish sounds over natural environment. Unobtrusive.		Unique layered display of auditory information that adds to what is already there. Has to be meaningfully enhanced. 





Combined Data II

		QUESTION		E1		E2		E3		E4		E5		E6		FG2		FG3		FG4

		What is your understanding of AR?		AR is, if we think of MR being in between, then AR is augmenting the real world and that we are overlaying onto the physical world. Weve been doing it for arguably 1000s, or 10000s of years. If someones read a story to you, then you've experienced AR. So too through music, the radio, podcasts. It is continued through your phone, where you visualize through that.		Using some computer or form of digital something to convey information over the world that wouldn't be there without it. Could be as simple as showing the line of scrimage in a football game. Anything thats giving more informtion than without the display.
Could your def lead to shared exp? It could, as with something like visual with TV. I have a very visual skew when it comes to AR technology. Obviously sound can be a shared experience.		Immersion of virtual and physical stuff together. My view has changed as time goes by, like 12 years ago when I first started my research in AR, I read a paper that defined AR, and thought of it as more of a visual interaction type thing. The registration part was important, how the virtual was regestered in the physical space. But with audio and other perceptory parts, I feel like its more than just the visual aspect, like with audio and haptic. I am trying to see this terminology in a more broader sense these days than when before.		AR is using computers to understand the surroundings; understand the actual/real world environment. Based on its understanding, it is using compuyting to add something to it, like technology. Computers understanding the environment and mixing audio/virtual information with the real world.		AR to me is reality perceieved often through a transparent glass, a reality that allows you to overlay either digital or audio components that is not already there, bt overlayed on the natural environment, but not in a way to not be able to perceive the natural environment. It sort of integrates with the environment.		AR is a method of enhancing one's perception of the surrounding environment. Its a way to enhance ones experience in a real physical space.		Its like taking visuals and placing them in the area around you. In VR, you completely change you outide vision, while in AR, you add things to that vision. AR is like a popup/a more advanced version. VR is a more actual world, like a 3D version of it. AR is similar to VR, but not the full simulation.		AR is there for some sort of likage between the phisical and virtual world. Having some kidn of reaction that is virtual in soms ense but is interactivce in a physical sense. The name suggests that you are adding to the existing reality and trying to create different experiences. For example, like Pokemon Go would count as AR. This could be done either with software or hardware implementations/. For me, AR is something that is virtual but laid on reality. For example, something with a display could br AR, and some games as well. There are also some cases, where someone created video games in their own house, where they play though some glasses. AR is combins virtual things with reality, like with the heads up display in a car, which has a live map. The screen has a camera that shows a live map in front of you to make directions easier. AR is something between a reality and a VR, because you are in your real world, but the headset overlays a virtual screen for you to interact with. You are in a sense transported to a virtual world in real life. AR is when you are trying to augmented reality or overlay reality with images or something to change that reality. AR is using technical method to combine some special method to the reality in order to help people see and hear differently.		Its computer generated, virtual immersive experiences in real life. Like you can see that or hear that in real life. Instead of seeing what you can see with the naked eye, you are adding a layer to the real world so that you can see more with the added technology. It shows a component from the virtual world in the real world, layered over, like a camera. Putting a virtual layer and virtual components over the real world. AR is layering over what we can see or listen in the real world.Bringing virtual things into the real world by virtually stimulating senses. The idea of bringing in visual inputs or audio inputs into our world, like Pokemon sitting somewhere. It has sounds and you can see something on your phone. If we find a way to stick you in a suit and make you feel something, that should be also counted as AR, even if the technology is not there yet.

		Do you think listening to music, through loudspeakers or earphones, can be considered an example of augmented reality (audio in AR)?		Yes.		I dont think theres a split between AR and VR, theres a split from totally real and totally virtual.If I completely block out all of my sound and am listening to music, I would call that a form of VR for audio. For it to be AR, I would need to hear the outside and inside, the birds chirping and the digital world.		Its interesting, yeah it really depends on how you define AR, but right now, to me AR is more like an adaptation where people have already gotten more use to it. Its already my reality, I can listen to your voice through my headset. Maybe 100 years ago if we coined that technology, when we first invented that music system on technology, then maybe we should consider it AR at the time. But right now its difficult to say, because it is part of my reality. "Every time I present my research to the audience, I always try to present what the reality is, which is baed on my experiene. AR is enhancing my experience, like with this video call right now. Reality has been changed to me, and my perception of reality has changed, and this AR technology are just the tools to change/enhance our reality.
		Yes, I think its a very interesting area. A lot of AR systems are things that we visually see, like seeing some real world objects and using your phones, which gives you a measurement for those objects. But it does not just have to be visual, we listen to these surroundings. It depends on how it augments the reality. If you are just listning to some music or guidance, that is not really related to the reality, so it isn't AR. But if it is related to reality, for example Microsoft did a project about mixing audio information/sound with navigation system for visually impaired people (if you need to be at some place, you use spatial audio to help for navigation), it is difficult to say if it is really augmenting reality. There is another paper about wearing a helmet for bikers. The helmet has a camera which will see the camera and what you are approaching and will play some music/sound that is directly related to the distance, speed, object that is near the biker. 

		I think about that some times too, sometimes I like to listen to musicals, and I remember once driving with a friend and we felt like we were watching something. As we were listening we were making a world inside of your head that you perceive. Listening to things that have a story component could be considered AR. I can just hear a song from some play and be transported to that sound, even when just listening to that sound. "A: you said you passenger was almost immersed, while you were driving, correct? In this case your passengers have the primary focus of the song, but your primary task or goal is to drive safetly, do you think there is a distinction between categorizing your experience vs. your passengers in terms of which is and isn't AAYR.

		It depends on the context. I think that if you are listening in a passive situation (riding a bus and listning to music), then those two events are so dissasociated it is not an AR experience. Say youre listening to music while cleaning up in your house actively, those two things make your work more fun, so it does fall within the event of augmenting your reality. "//Shared vs. Personal Experiences
I fail to see at this point the benefit of a shared AR experience. I see the benefit in a VR environment, and I consider the audio a shared experience possibly. But for AR? I lean towards no from a personal experience. I haven't thought about it much?

		Potentially through speakers yes, but not through headphones. It depends on where the sound is coming (like with speakers to determine where sound is coming from, localize the source). 
What is the media has spacialization? 
I think that is possible to get in ear headphones to that level, I am not sure if the technology is at that point. It is still to limited, it kind of localizes at this point (no up/down). "I'm not sure how those examples can be translated into AR.
If you could hear it in all directions, that would be AR." "Follows on with Matthew. Headphones makes you more in the simulation, feels like you are really ""in it"".
Spacialization Q: Headphones aren't quite there yet, not quite as good as speakers."		Im not sure, I would say that more AR involves some sort of interaction with something connected between the virtual and physical. So music listening would not be the first thing that comes to my mind./ I would say that tehcnicially it is a format of AR, a good example would be the virtual haircut sound, such that you can feel the experience of what a sciessor/barbor is around you. This could count as an AR format. It fepends on whos experiencing it/. It depends, to some degree if there is a virtual aspect added to that I would count that as AR. And for music, if it could have some localization or left sound channel, that would also count. If it is just plain music, then probably not. Considering the AR term, audio AR would be asong that relates virtual sound with real world sounds (outside). As far as I know, the environmental frejdnly vehicle is mostly powered by electricity, and when it starts the engine does not have much sound, this has a tradeoff. Without sound can feel differently to the driver than with the sound, so in the future we could emmulate this sound in order to have opeople feel a feeling of starting the engine/car. 		Im not sure if music is AR, but if it is someting like, supose a live concert which you are listening to, and it gives you the feeling of being there while not actually being there, that would be mroe so simulating reality through audio. That also makes me wonder if talking through someone as we are doing right now is AR, at least in terms of sound. How do you define audio that is augmented and what is not? I agree with Luke and Muskan, they should be combined rather than being a part. With live music, if I feel like I am there, that would be AR. It is, because if you go by the definition it adds a layer to the real world, then you can still hear the outside real world with the added layer of new sound. I would not normally consider music to be AR, as it is more of a visual stimulus, but if they were together (like with Pokemon Go), maybe that would be AR. Yes I think it could be, because when you are listening to music and the sounds of the music are not happening in the real world, but you can still hear it, that would make it audio of AR. 

								There is a researcher in U Penn, Computer Graphics Professor Normal Bedlan, paper is from the late 90s or early 00's, he mentioned that our generationmight be the last that distinguishes between the real and virtual world. But, who knows? Howe we define AR may change in the future, it could just become reality, where we dont have a difference in virtual and physical space."		Sonification can help you understand the surroundings. So we have computer interpreted sound. "Mentioned about how sound should be related to reality/persons task:Assume that you are in VR, then what you are seeing is all virtual, there is nothing physical. If you are seeing both the physical and virtual world, that is AR. So it is kind of a mix of the two. I think the same goes for AAR, if you are wearing headphones, you are blocking other sound, then you can only hear what the system is playing. You can also map the sound to some place, where some movements can be directly mapped to that. If you can still listen to the environment and what people are saying and if the computer is also generating some audio that is related to the physical environment, then that would be AAR."		K: I think that can both be consideered AAYR, but I am the person with the split attention, Im not as immersed as I otherwise would be. It should not distract from the actual environment, whether I focus on it is my decision, but it is still displayed so how much I pick up on it is my choice."		A: Does listening to an electric guitar in the same room shared audio AR? I mean a collective listening experience, we experience that every day. I don't see the augmented part of the experience in that situation. How would listening to a concert be an augmented experience? A: The sound is produced in a way digitally and it is overlayed on top of your immediate phyiscal environment. I am not sure if it should or shouldn't be.Yeah I would not consider that an AR. I would still need an audio layer on top of this guitar to consider it an audio experience. My definition is a bit more restricted in this sense."				This seems like audio AR to me. By augmenting audio on surrounding noises you would be doing AR, like with Noise cancellling, that would be some sort of audio, as it takes out white noise and consistent noise. Standard headphones, maybe not. Jusyt listening to music is probably not AR, you would need some sort of blend in the reality for it to be considered AR. It would count as AR, because these daus the headsets develop very quickly and there are  alot of improvements based upon the number of channels. The focus is to make the sound real, so the main focus would be trying to recover the effect that they want to achieve in the best way, to make people feel like they are in the actual environment. As if you were in an actual concert, etc. Currently the technology has a lot of disadvantages and a lot will need to be improved.		It would only count if the headphones or something that other people can't hear, something that is only designed for you. The case of any recorded noise being played throgh music, compared to a person plahying the piano or screaming would be no different. It would have to be something that is only heard by the personal user and it may have to do with how the audio is being used. There should be a bit more nuance between how it is being used and what people are able to hear it in a certain given area.

		Do you think Audio AR can be a shared experience? Or can it only be considered an individual experience?																Definately, like with 2 players plaing a game. Tow people are sharing the same AR medium and would be sharing the expeirence. It can be shared, like if you were talking to some kind of voice assistant. So mylitple people could talk to it at the same time to solve some task.It can be, but it depends on the tasks. If they have somegthing interactive that they can share among two or more people that also involves sound, that could be a shared epxerience, but if it is something that someone want sto enjoy themsleves, it could be single. It is possible to make a shared experience, like with dancing together or playing some games together or just in sharing some audio. Most AR does not have heads up equipment, so it would be shared. It can be private with the single headphones, but without it coul be sahred. I do not thing so, because I agree with Jing. Considerfing that Audio AR is personal, like with headphones, it can't be shared/. This technology can be seen as indivudual and shared experience, like with gaming. They can be shared. Some example would be like giving a alecture to a group of stduents with an evolved form of AR. Like you are trying to duplicate a single environemnt to multiple individuals. They are recieveing teh same information at the same time		It can be a shared experience, but I don't know how. With visual experiences you can see other people doing things, but you can't hear them doing that sound. How do you make sure that you both are listening to the same sound while being in different places. With audio, that could be a little tricky to make sure that the other person is paying attention and listening to it. "I do not think so, because even if two people are in the same AR, they may not feel the exact same thing. Even if we are just talking about things with our naked eye, we all perceive things differently, so your reality differs across the individual person and how much they enjoy it or what they see." It could be a shared experience, like with Pokemon Go, where you can share you phone and you can both experience the same thing and sharing the experience. Audio can be a shared experience, if multiple people could hear it at the same time. Then you can share the experience with many people. I think it could be a shared experience, for example if my friends and I could listen to music simultaneously, that could work. Like if we all play the music together while all being in different locations, with a shared AR it would be great. Yes, auditoy AR can be a thing. I think it has a lot to do with how you use the AR. I think the difference between using audio technology vs. AR would be the intention behind said auditory inputs. If it is simply to make a sound unreated to modifying reality, like a sea shanty playing in a bar or jaunty music when riding a horse, like in a videogame. That may need GPS tracking.

		According to you, what are the requirements for sound to be considered an application of audio augmenting your reality (AAYR)?				A synthetic representation of audio sound in some format that is portrayed to the person. Im assuming AR means you are letting some things through, depending on how you see that spectrum. Could just be watching the TV, as thats kind of a form of AR for sound. It is giving you more information and it is digital.		Going back to the definition we mentioned in the AR literature, onr of the things is the registration in that physical environment and the interactivity. To me the AR with the physical environment should consider the real aspect. To me if I want to call the AR at the stage of the current tech, it depends on the scenario or context that I have. On top of this context, I am doing a tast, so I can extend my experience related to this context, then I would call it AR related to the modality.		Already touched upon this.		Having direction, a spatial component for AAYR, because often times the things we are trying to portray have a natural location or an implied location in space. Theres one project thats a sort of navigation system, where you put in a lcoation on Google Maps and will ping in a certain direction to show how close/far you are. A lot of the projects I use for AAYR has a directional component, because number one stream segregation, so that people can split up the sounds in their environment. For safety a person needs to be conscious of their outside world, we don't do that, but it is probably really necessary. It is unobtrusive and has a spatial component, and its also able to be detected over the normal noise that happens in an environment, something that allows it to be heard.		We need layers of audio that is coming into the physical space that doesn't necessarily belong in that space. I want to augment the experience, I want to have this audio give me more information or more context for what is exactly happening there. In your case, I would not consider a physical guitar or a flute playing on top of that guitar AR, because I would not consider that a meaningful experience. I want my experience to be enhanced in a meaningful wayk, so that I get more information about what's going on: me and maybe not next to the person next to me.		You need to be able to directionalize the sound. At a minimum, at least 5 different zones that can be chanelled to make the sound different = up/down/left/right/center.
You need to add in some elements of what is oustide around you. If you are fully replacint the audio around you, that would not be AR, because you are cutting it out and replacing it. They need to be together, simulated and real audio. "Agrees with Matthew.
Depending on what kind of music you are listening to, AR could help you experience the music better." Agrees with Matthew.		The requirements for AAR are the same for any type of AR, it needs to have some kind of interaction with the real world and virtual world. Although this will contain a lot of visual components, audio components can further augment this experience. Hardware requirements are a must, you need those components to bring those features to reality, or to AR. They could exist without virtual effects, so you could use audio effects instead, but the hardware components are a must. Based on the definiton of AR, there needs to be something both virtual and in our real life, plus with audio. I personally would love to have a visual type thing if there was that audio capability. But it also depends on the person who can experience something that is not only visual. Needs to have virtual component and reality aspect. Different types/aspects of sound can appear in both section, like with vibration which could also be emulated. First AR has to contain reality in someway, and the augmented audio part means it has some relation to the real world but is virtual. You can combine these in differfent ways. You have an understanding of the surrounding and you aigment it with something. So you must be able to hear what is arround you, and the tone that you pick up could be the augmented one that is being overalyed by the system. 		One aspect could be the sound making you all feel like you are together, or having that feeling of being somewhere else or being with a group of people. I am often distracted by my visals, but if you block your vision just to deal with the audio so that you can make your own vision, that could be AR. You want to be immersed, but for it to be AR, you have to still be able to experience the real world. This is different to simply just having a different reality. If it has an immersion experience, that could be AR. Or if it has a visual expeirence along with it, so that it is visual and audio, that could add to the experience. I also think that one of the main charactersistics of AR/VR is the immersion. If the audio is immersive in an environment where you can't hear other sounds, like with noise cancelling headphones, that would be great. The differenfec betweemn VR and AR is that the Pokemon includes interaction with real world as they appear on the ground or in the "sky", vs. strapping on a headset and it is floating nevulously in a spot. If you use noise cancelling or tech like that which is used to immerse yourself in a different world, that would be transporting youself to an entirely different reality, albeit rooted on Earth rather than a fantasy world. AR needs to cooperate with real reality to enhance your experience by either having some sort of helpful thing or something stupid and silly. It would have to cooperate with the real world.

																		The augmentation is what you hear mostly. The audio is not AR on its own. SO it depends on the context or space. I would like to have a sensation. Are they enhancing my reality just with the audio. Good hardware. To make people believe what they see is real, you need good tech.

		Which use cases or scenarios, do you think, will benefit users the most as an application of AAYR?		Every scenario I am working on (hospital, entertainment, interaction, ...) applies. There isn't a scenario that does not benefit from Audio AR, even those that are deaf.
For the deaf - there is no such thing as completely deaf. It's more a case of where the frequencies/perception become more inefficient such that they can't experience it. They can still feel the physical vibrations, and you can use loudspearkers has haptic devices. I am working on a system for those who are deaf to edit podcasts? so we need to change the pitch into a haptic range so that they can feel the haptic range.
There isn't a scenario it does not apply to.		When I think about the entire experience of that spectrum from reality to virtuality, and how do we make it more rich? Or better? Ive been thinking about blending across virtualities, so that you can play music, or you can add information on to the real world (ex: ask Alexa to explain a recipe). For AR, the real benefit is that mixing of adding additional information across all of the senses. And theres power to that, because our brain views the world in blocks, so we could trick the brain and help make it think differently. Think haptic cues around the wrist, where when you add a visual graphic of a ball rolling on your wrist, you could feel that. We can make up for inabilities in tech with audio to fill those gaps.		Related to the concept I mentioned and the user's experience, each user may have a different expeirence and perception of reality. AR, especailly related to the audio, many researchers have looked into the audio effect for the visually impaired. For their experience, they cannot really see, but through the aural feedback, they can extend their feedback on top of the real data. They can now process more. That is certainly an AR.
Also even with the AR if the user can only see the visual stimuli, that could be one scenario for the training. What we develop is mostly based on a combo of visual and aural senses together. So AR that combines these two data could be considered AR. When I talk to a virtual human in front of me, not only am I seeing them, but I am talking to a virtual agent, and that case is plausible and I can extend my virtual communication through that agent.		First, not everyone can see visual feedback, some are visually impaired. They should be able to take advantage of computing to enhance their lives. For those who are visually impaired, AAR can be really helpful. Sometimes you can't really afford to use your visual attention, like when driving. They should be used in  a very safe way, because you have to keep attention on the road, and in these cases AAR can be great. EX: if you are driving what you are seeing can be just reality, and this is the most imrpotant thing, because you have to focus. Audio is less important because people close their windows and just listen to music, but then it could be important. Maybe teh computer can intrepret the road conditions and sonify it in some way. Convert the friction coefficient of the road to sound.		Any sort of navigation, search, theres also fun as well. Some students made a Pokemon Go type game but only with audio. There is an entertainment aspect that sounds really cool, some could be serious, like for training. Overlaying actual fields with combat for a soldier to practice. Also orienting or finding a way point where everyone needs to meet up. I feel like sound is best over ears for finding things. "A: You know how Apple's AirTags allow you to navigate towards a missing object with a beeping, is that AAYR?

K: Yes, because it is helping you achieve some task and the audio is not of the natural world, and you are percieving it with your senses."		I would consider assistive technologies benefitting from technology, for example any navigation technologies or rehabilitation or anything that falls within this category would rely on this technology. Education: you can enhance remote education scenarios with augmented reality. You can bring your classroom or a new environment with a virtual teacher or student into your reality. You can create a shared classroom space for those who are far apart. And this is important for enhancing your experience. I also see a benefit to the gaming/entertainment industry a lot. Not necessarily just music, but also gaming, movies, etc. Also adding the visual experience. "//Would deaf people benefit from audio AR?

		Hearing aids, could be helpful there, to spacialize that would be effective.
For entertainment purposes, could be great. Sit at computer and watch concert, but audio would be a bit different. "Using it in the metaverse.
When you are working on a project with a lot of noises, it could be used for singling out certain sounds." "Something with GPS, kind of already narrated, but if there was a technology to project something onto the glass in front of you (heads up display). Implement sound into this case, it would make it easier.
Add a surround sound aspect."		Retelling a story or some part of history and having that AR and audio part come in. Like with a battle, with its visual and audio components. That would give a fully immersive experience. The voice notes in the zoo, that would enhance your excpeirence of reality by helping you learn more. The audio aid to the visual component will help. It would be great if I was walking in some great place (like the aquatic center./aquarium), and you can hear something from headsets/bone conduction headphones that tell me a lot about these creatures or mimics their sound, that would augment my experience. Contents like with cars. If the mysic can contain something wit hthe outside, so people listening to the music can still understand what is going on outside, but will also give feedback to the driver as they drive. "Movie theaters. When you are watching a movie, audio AR could be good.
Online meetings with Zoom to make you feel like you are actually there." "Music industry, people who can come up with creative stuiff in the music spacve.
The classroom environment to make it more interactive. To make more creative" Videogames and the metaverse would involve AR. Social activities like presentations too.		As we all are working virtually, if we could hear each other or hear office sounds, or have a feeling of being together, that could be great. It could be like ambient sounds, it needs not be a headset. It may help in increasing productivity, like working in the virtual world.
Augmented audio could also be used with visual things around you. Say that you were in a museum or a historical building, it could give out some sounds to mimic the era, to feel more like you are in that zone or environment. With music, you could create live like concerts. Calming music to make you more productive could be great. What you listen to can change your mood and enhance how your work/what you do. So if you are working from home but you like the random office noises, if you can hear those sounds, it would immerse yourself in it, but you could stay in the real world. "Business meetings or meetings where you could have that different experience. Video games; music concerts. Military or police training could be great for use with AR." "When you want to do meditation, AR audio could enhance your experience and focus on different sounds.
Video games for sure, AR would help you immerse into the game and focus on playing.
Listening to music in a different way, like with immersive feeling of being in a concert." "Hearing aids are already some form of AR, as they increase sound.

														I would say, surprisingly, yes, because sound is not necessarily only the experience that we are having in our mind, it also has a tactile vibrationalsense to it. I am proposing a project around that concept right now: I think what we consider AAR in terms of deaf people, or reduced hearing capabilities persons, I think that using the necessary devices you can have those people augment and enhance their experience of the environment with vibro tactile information."						 A slight modificiation would be to dampen out irrelevant noises and boost useful noises, like in a cafe, you could cut out all other people and only focus on who you are talking out. Also if a car was running towards you, the audio could kick in to warn you to get out of the way. Also, alarms could be some sort of AR, like with voice assistants where you can ask things. If you could also see these things that would be AR. Videogames also, that would be great for the industry."

		Can you discuss which users in particular might benefit the most in their respective scenarios from AAYR?				It depends on the applications itself. My theory is that we don't totally understand what it could be, because we don't have it yet. It really does depend and we wont understand it until later, but I'm not sure when is later?
Which users find visual AR helpful? I would give a similar answer, though for example people who are hard of hearing many not benefit from AAYR. Its kind of like looking at disability in phases, because you could have it for a lifetime, a season, or a moment. Thinking of this in AAYR, I may have some limitations like not wearing my contacts in the morning, so AAYR could be great there. Or with a degenerative eye disease, which could be a season or a lifetime. Thats underselling it still, because it makes audio seem like its only good if something else is failing. Theres probably more intstances where audio is important that I am not considering.		As I said before those particular groups who don't have ability to see or limited to other modalities, sensory modalitites. Also if they cannot really hear well, and if we can somehow emphasize the magnitude of the sounds. These days a lot of entertainment industries have VR show in the metaverse or virtual reality showroom, where they can have like a concert for example. In the AR space, you can have that aural space for AR concerts in a physical space. That kind of audience would benefit from aural AR. In daily life, people can use this audio based AR, if I need to specify the application areas, then I would say entertainment. We can extend the use cases, but I don't think thers a particular group, rather general users.		Imagine youre having a conversation with someone else. When Google Glass first came out, when notifications were displayed, you can't just read it, you have to mobe your gaze to that notification part to read it. In that case, your eye is not just a sensor but also a channel to keep your eyes engaged. In those cases, having audio feedback may be helpful. If you cant really divert your physical attention, it can be helpful. If the user is working in the area of making many human contacts, then it can be useful. "I think it is all about characterisstics of the situation, of the context. All of these things are constraints that could be permanent, and they all have their own characteristics. AAR can be helpful if that context has some constraints related to the visual perspective. 		People who perhaps have a lot of visial things to focus on and need an audio channel that can be different to or add onto the visual things they are looking at. It could help with offloading some work. For the entertainment, just about anybody. Yeah, people with visual impairments would find this helpful as well, to help them locate things. There would also, then, need to be something to help them navigate around obstacles.		Any user of those previous sets would count: students, gamers, deaf people, etc. If we divide users in a different way, I would think age wise, which is different that what we would expect. Because this is something that takes time to get used to, as to not be overwhelming, if this is a route that we are going towards, people who are younger agedf will benefit more if they get used to it and it becomes a way of dealing with it without it becoming overwheling, but simply the norm, like another way of reading the news. If we could be exposed in a controlled way that would be good, as it is kind of overwhelming.		Entertainment
Anyone with a hearing aid
Goes very much in hand with VR, both should have a very spacial aspect to it. VR for games, you are replacing noise, AR has same technology, but you can also hear what is arround you. Anyone who uses entertainment, who has to use it for work. "Teenagers, because we would be the ones using it.
The older generation, would be more interactive so that they could visualize it more. Add another sense to make audio better."		People with disabilities would have the most abenefit with this. Integrate AAR with critical applications can help them become more independent. Also fir those looking for unique entertaiment. People with disabilities related to audio may get the most benefit. Build a layout for them of getting through some parts of an area or city, and you could coordinate wth public tranpsport. Voice assistant could help here. Those who have visual impairment, temporarily or permanently. Those with those disabiolities or people whose visual capabilities are occupied by other tasks can enhacne their curfrent epxerience with AAR. For those doing visual tasks, because they visual tunnel could be closed, but their audio tunnel is open. So AAR could help with those tasks. "Visual impared folks, so that they have an additional layer of sensory to navitage around something. A lot of Youtube content creators could use it to make their videos more attaractive/appealing to viewers."		It could be useful for people who are visually impaired to be part of the whole AR experience. It would be helpful in education, so from the age of 5 uptil when you graduate from college. Connected to history example in prev. question. "People trying to start a new job, the job training could be done through AR, like with training to work in a factory. This could get them immersed into the factory and understandnig what it is like in that environment.
Poolice also, who can learn/practice or get them trained to their job." "It could help college students learn a lot as they learn tech fast.
It could help those visually impaired as well." Young adults, because they tend to learn new technoogis and softwares quickly. College and grad students could use this greatly. 15-35 age range. "Those with slight hearing impaired, to help them boost sounds to expereicen the world more.
All other ideas covered."

										Not being able to see or use the visual feedback is kind of the limitation, because you can use the audio feedback then. It can work better rather than just visual feedback just not being available. Maybe if the property that you are trying to sonfy can be better in audio that visual. If there is something that is more directly correlated with what happens in sound, then maybe those can be good application areas/"								The youth, and the people who are young. Those who listen to muisc or watch movies and could get into this technology. IT could benefit most other age groups as well. People who have disavilities in the eyes, AAR could help them learn something trhough sound.

		In terms of auditory displays, which is the most important aspect, with respect to human hearing, for providing information? (ego vs exo-centric display, spatialized vs non-spatialized sound, speech vs non-speech sounds, amplitude, pitch, etc)		It doesn't matter. Its all about finding out what people are comfortable with using and matching it to them - there is no one size meets all. Irrspective of where you are, you would have the same sound? "Hiding to nothing". It's a completely pointless exercise. If we can't agree on anything (like how to turn on a light/open a door), how can we make a universal auditory experience. The auditory augmentation sometimes needs to come from a loudpeaker, or from something else.
//Sony headphones that look like doughnuts// -- air conduction. They are just open and the sound passes through naturally. 
Anbie? ear cuffs. -- expecting cartilage conduction to be the next big thing, until these came out.
cartilage is more efficient than bone, it excites the air, and augments the audio coming in from the air. There is no crossover?		I think that at its most basic, the principles of an audio displays. I think thats the starting point. But, what if that changes for AAYR? Thinking about visual AR, you start with principles like what are the grounding principles in this case. For visual you now have graphics plus the world. So context for AAYR is really important, it depends on the environment. I dont know that anything really changes about it. Going a step further and saying that theres probably another shift with spatialized Audio AR, I don't know what that would be. But there would be shifts in it.		It really depends on the scenario that you want to use it. There is no silver bullet per se. Sometimes its good to have an ego centric, where only I can hear and you can't. But it really depends on the users needs at the time.		I am not an expert in this, but when I use VR or AR systems, what I love about those systems is that they track your position. There is 360 tracking of your head, hand, and environment. Those are really powerful, because with a computer, you are using 2D information to manipulate properly. If the system can track our movement, then it can provide a lot of information related to that. If I want to look at the ceiling I can just look up. That seems simple, but if you are playing a game, it becomes a very tricky business. 
I think audio feedback can use some of this technology. Tracking tech is now better then ever. This can be really helpful in giving information, especially in relating virtual content to physical things. You have to have something spatial in these cases, because otherwise you are just getting audio feedback. "Distinction between spatial audio, watching a video in front of you, you can prove that same version of audio when simply listening to audio, it mimicks the same thing, but assumes the sound source is in front of you. Then is it really added meaning to that spatialization aspect.		I would also add representative cues, lets say a system represents 5 different beeps that correlate to 5 different objects, that cretes a mental load requiring people to memorize certain beeps and commands, so audio that can already associate them is important. I dont knwo if latency will come in here, but it will definetaly have to be in concert with the natural environment, to not make people nauseous. So that it is in tandem with peopls real worlds. Yes, spatialization is important, because at least to me, it is hard to distinguish between different sounds, but if they have their own location, our ears will have an easier time seperating those. "A: In terms of wayfinding, we usually find in the real world that the sound source is with the object (like with Apples object finding thing), it maybe useful to move that sound closer to you so that you can hear it. If you are trying to replicate this with wearables, is it useful to gudie someone to point A, then B?

K: Yes I was going to say break it up into way points. If something is 300 m away, we could set up say 10 points to help someone to get to their destination. It wouldn't work if you just had to also deal with all the sounds nearby to you and a very distant sound."		You need to have a convincing spatial audio interaction so that your experience is immersive enough. That can mean a variety of things, it can co from the most convincing or tailored to your need (the best selected HRTF data set that fits your need the most with acoustic room conditions). T obe honest the level of accuracy and modeling for those components depends on the type and scenario. When designing an AAR display, I would not spend my time emasuring all a user's HRTF data, if the experience is something more loose/placid/informative. Same with the room acoustics. When bringing your virtual space to your real space, how accurate does it need to be as to not contradict between the two spaces. 		The spacialization is the highest importace of that, without you audio being spatial, it will never feel realistic. That doesn't mean it won't be good, but it won't be realistic. 
Also being able to make a way to not make everything around you not be drowned out by what you are in. Spazacialaztion is important. Gave AirPods example. Spacialization and with transparency (AirPods). Hard to separate the two without balance. Not sure how one would make sure not to drown out outside voice, as you only focus on whats in your ears, headphones.		The direction, being able to tell if its from the left or right, front or back. The intensity of the sound itself and the cues and timing of them are all very important factors that contirbute to the expeirence itself. It should not be something visisble or somethin that you should put on. It should be apart of the environment. Should it comes outside, or from within your head? It depends upon the task, like entertainment coulud be outside the mind, but audsiobook could be inside the head. The intensity can be one. As you get clsoe to something ytou can inraese intensity. Or could use intensity to carry some information, some level of importance. The interface between people and the audio shoud not be that visible. It should be more immersive, for examnple if you wear something like a headset, taht wouldn't be so immersive. Intensity is important, like with how close you get to something, that is important. Direction is also good.Space and direction are important, You could make it more sensetivie to the movements of the head, like with Airpods, etyc.Eliminate the feeling that the device will bring to the user. When I head you with my headset, for example. It would be great if I could put nothing on and recieve the information directly from the environment.		I agree with making the sound 3D. The main thing I can think of is not just thinking of distance in 2d, but in 3d, so that the sound can come from anywhere, not just a linear distance. It could be like a sphere, and it could come from anywhere. The user should get a feeling that it is not just coming from the room.
It should be as close to sounding like real life as possible, not just sounding like it comes from a device. To create an audio reality, you have to mimic normal everyday life. And having it inside your ears makes people associate it with headphones, which mimics everyday life. It depends on what you are doing. For music it does not matter where it is coming from, all around you or one direction. But if you want to be immersed in a game of triainig couse, you wouldneed that 360 sound. You also would need a distance effect to for the sounds. It would have to be that spacialized sound, so that you can make people feel that they are immersed. Adding that 3D experience can also help people visualize that sound better. "I also think it depends on the technology and the condition that you want to use it for. Like in the gaming industry, 3D audio would be great, so that you can listen to the person that is shooting to determine where it is coming from.
 

										I think it depends. If i want to listen to music, and my phones is in the back pocket, I don't want it to play from behind. Spatialized audio also uses HRTF to create this kind of audio. If you are havig some instruments play on left and some on right, that kind of become a standard stereo system. in this case, spatialied audio is not totally helpful. It is helpful when you remove the audio source and need to choose a place to play the audio from. 				In most of the cases it doesn't really matter, it just needs to be fine such that users don't immedietaly reject the image. But you don't necessarily need to spend all of your energy to that, it just needs to be acceptable enough. The only issue comes up with your virtual and physical world contradictig each other. And we don't have yet an answer on how to prevent that. I think the two spaces should be treated equally, but I don't have an answer on how to solve this problem.						For listening to music, you do not need 3D AR audio, I just need to be immersied" It depends on what you are going for. If you are going for say Pokemon Go but for an auditory experience, than then audio has to sound like its coming from whereever the creature is or where the sound should be coming from. If you are going for more of an overlay, like the visual things poping puo (notifications opoing up in glasses), it would be acceptable to be how it is now - in your head.

		What form factors (hardware, such as earphones) do you imagine being used in application of AAR? 		Everything. It shouldn't just be confined to the headphones earbuds. It really is a case of what is natural for the person to use. Like with glasses, how many people use the same glasses, it's not going to happen that way. Some like a portable speaker, some want augmentation to come from a speaker that surrounds them, some want headphones. There is no optimum method, there are suspension drivers. You don't want to wear the same headphones all day.
Inconpspicuous - Apple are going for using air pods pros as hearing aids. So that you can hear what someone else will say. It will just be like headphones in general. If you are using AR to speak a second language or cheat in class, you would want it to be as inconspicuous as possible. If you are playing a game/going for a walk, you may go for something branded. It won't matter. If you are woking for the police/fire brigade, then it has to be discrete, beacuse you will be having head gear, and you can't have others hear what you are doing/listening to.		Theres a lot of interest in wearable technology, you could imagine some kinds of headones, like in ear, bone conduction, etc. All that stuff exists so thats a possibility. But could we also store some audio information in a specific location, like with speakers, instead of it being localized from a person, for exaple. I think that there would have to be something on the person, possibly glasses with bone conduction properties, or even a watch with some audio capabilties. It depends on if it were for one person or for many people.
Right now when we thing of hearing aids vs, visual aids, visual aids can be larger and become more of an accessory, esp when comapred to the inconspicious hearing aid? Will the devices be as small as can be? -- 		In general AR displays will have that auditory device together as well. Example is Hololens with its audio system. But I don't really want something clogged in my ear. Something like ~bone conduction~ might be nice in this case. In general the AR device, wearable or whatever type of display, will be related to that kind of form factor. If I have to think of a more futuristic device, now we have hololens/magic leaf/snapchat glasses, but we want to develop lightweight displays. In the end, if we have some implanted display, we could do the same with audio impants in the human body.		It can be seen as something similar to Netflix in VR. The content you are watching is 2D anyways. So if you are sitting in front of a large screen/TV and watching a movie that is 2D and what you see around you is just the environment. People can sit next to each other and talking to each other than you can hear each other, but imagine you are in a VR world in an actual VR world that you can move around in. If you move around there will be all this virtual content that responds to how you act in the environment. You can have a flat audio signal, or it can create the whole spatial audio to give a more realistic experience."		We have a project where we are augmenting the museum experience, we have all the technology its just not pretty. What had to happen was that we had to give them a processing unit on a Raspberry Pi in a fanny pack and some sensors to know what direction was facing in their headphones. There gets to be a considerable amount of tech. Putting all of this into one device is not the prettiest thing, but what might work best is some headphones that go in your ear and around so that you can still hear the outside world. If bone phones got to the place where their could be accurate for localiztion and you can still percieve the outside world. Either the exertenalization or elevation is not good with bone phones, but tech improves so we'll probably get there. Then your ears won't be covered, so then you won't be out of the world. In wayfinding you may want to still have focus on the road, for example.		The two tendencies for playback that would let you overlay are bone conduction headphones and open "back"? headphones. So that you have the virtual environment in your ears along with the other one. I prefer open back headphones for playback, so that the real noise comes in a natural way to your ears, but then you are leaking your virtual world to others. If its a shared environment, then you are altering the real world, so you are creating a feedback loop. I have not, in my work, experienced binaural playback with bone conduction headphones, but from what I have read and other people, they say that the image is more distorted. "//If we had speakers places in different locations that was playing audio of a specific kind to give the impression of being there would that count as AAYR?
That's why I said when you have experience with binaural or point sources from different locations to your physical space, so your putting your speakers where you would expect the sound to be. 		Anything that you make as unnocitable/light as possible. If you are trying to create an environment around you, but still want it to feel real, you should not make something be very apparent, like big headphones. The less you feel it, the better, and more real.
Depends on use case, in house/open room, you need nothing on you, just a proper array/arrangement of speajers.
In AR, there is a difference with VR. You do start to forget what is around you, the headset is at first heavy, but you notice it less and less. I would say that because you are interacting with what is arround you, you need to ensure that everything is unnoticable. That is what let's you start to forget about it. You have to make it very small, or possibly make something like a chip in your brain. So only you could hear certain things.		Portability is very important. I;ve used hololens and many other AR systems which are very bulky and not portable. They should also have enogh good hardware communcation so that they are lag free. Not being annoying to the user using them is good, like with earphines and headphones, which should not be intrusive or uncomfortabe. The hardware which we have right now could improve a lot, they are quite bulky for example. They are also not as powerful as they can be, like with processing. And those that are are very expensive. Also battery life is important if you are going to integrade Audio AR into our real life. Need a long battery life. I wear glases so a lot of headset would hurt. I prefer something that can attach to my glasses or will be nonintrusive. It should not be too uncomfortable, which may redue or damage my experience. I agree with Manhua about the glasses. It would be great if you could listen to music wearing your glasses, such that it would not be too intrusive, and using a phone to conduct/connnect would be good. 		I agree with all the points, I do not have anything to add here. Little drones flying around playing sounds. I think it could be a shared experience then with this type of technology, but their experiences could still differ. Speakers could create an AR kind of sound, and would help you immerse yourself into the world around you. They could also work like pretending that you are in a specifc place, like in a jungle. I agree with Jonah, especially with organizing the speakers to implement AR audio. A headset with speakers in the ears for audio capabilities would be great too. Or you could just add it to existing tech. Headphones can have AR audio. If the headphines have a button to change whether you are listening to something with AR audio vs. normal, that would be a great feature to existing applications. It can look like anything depending upon what you are doing. If you have holograms like with the Harry Potter World, you can have certain concerts where you are taking something from the virtual world and are putting it onto to the real world. You could have also something like a speaker strapped to your back to play some kinds of music depending on what you are doing.

						This gets into market trends and what people accept into new technology. Its something similar with airpods for example, which is a small think, but is also a statement in a sense. Theres definetaly a trend for that. Some of that is seen with headphones, but part of that was driven by the use of cords. The form of the device may have some flexibility, so it depends on if it gets in the way of something else, like changing my shirt, for example. It would depend on the convenience. There is a tradeoff between comfort and fuction which is a key driver of that as well. And thet may drive that conversation as well.								I would consider that an AR experience, yes, by definiton. You are running into a different problem in this situation, which is if you are treating your sources as point sources, so the location of speakers is location of virtual source, then you have something very concentraed in your real space, so it may completely dominate the sound or be masked by some sound. In this case you would run into problems of having speaker position that cause sources to be more or less spread based upon where you have placed them. If they are standing then they have a fixed width. Putting this in the real world means that you have spread that is represented by stationary sound speakers. So you immediately get a visual and physical perspective that contradicts. This is an AR experience that can work in the right circumstances."		Multiple speakers, instead of one all around sound to break up everything.
If this becomes ambient noise [use of AR over time], find the timeframe of how long it takes for that to happen, so that you can have more consistency with ensuring that AR does not dissipate [in terms of its imersitivity].		If you will be doing over the ear headphones, they need to fit your head, because they can hurt your head. I prefer in ear headphones. If they are wireless, batteires and portability is imporytant, it needs to be used not just at home.Being ligt and being able to be used across various devices is important and it should be comfortable to be used over long periods of time. Like with homecinemas, that provide... (I missed this one I think)

		Based on this discussion, how would you define AAYR?		It's a way of providing additional information on some action through sound.		I dont think that my definition changes necessarily. AAYR could be indivcidually worn so that it is spatialized locally, but I also think that it could be a speaker playing music the next block over. There are differnt forms, and they all have unique value.						It has not changed much, I like that you brough out a lot of the use cases that I had not thought of before, like with hearing protection. With audio AR, its not necessarily about the device, like with visual AR you need a Hololens for it. Audio AR is any audio that you put over headphones that doesn't interfere much with the natural surroundings or that you can percieve some other information, direction, story, etc. Its basically giving you a different sense in conjunction with the real world.		It's an enhancement of the auditory display of a physicl space. A meaningful enhancement of that space. Bringing virtual information, sounds, adding more information enhancing your experience of the real auditory display.		Agree with Nina. That, but make it as realistic as possible. Make it to the point where you can't discnern between the speaker audio and the real audio. Make it as real as possible.
Could be really great for making simulations. Like with simulation testing. You can put it in to those kinds of simulations in making those more realistic. We could think of that as 5d audio, for next generation uses: military, entertainment. We could not totally comprehend it now, but that could be different in the future. When you are in a tank/helicopter, use for beter communciation and awareness. Like with movies and surround sound, makes it feel more real.		Based on what I have seen, it is not meant to be a stand alone exiernce, but should enhance the total visual experience of it as well. But its meant to add a lot of newer functionalities that makes practical jobs and even enteryianments more feasable and easy to access in a sense. I would agree with Manhua, as it can optimize a solution that already exists, especially for visually disabled persons. With the help of this, this device could use cues like vibrations to help people. AAYR is more like using the audio to either assist or enhance your expeirence of real life. A large difference of it from the traditional AR is that it not only enhances enteritainment, btu qalso in completing something. At the begginig I was only thinking about how it can give people information, but with what you have showed us there is a lot of room for interaction with people, which should be considered. When I think of AR now, i think of mostly an immersive environment that can be as immersive as possible. I think that we can do that with current tech and sensors. I agree with Mohannad, I believe that the application that we saw is with the visual AR as well. Currently audio AR has a very large room for improvement, especiallyin the performance and human use part. The application fo Audio AR is currently underrated and there are large potential for it.		Audio AR is something that will immerse your senses or augment your senses based on audio and help define what is infront of us or add to the audio that is currently there. It could augment/enhance our senses/sounds. Audio AR is something that can enhance your reality and not fully change it. It is audio that enhances you physical environment without fully seperating you from reality. I woud say that maybe adding audio elements from a compiter generated software that could add to the real world environment, but not take away from it. This is audio that augments the experience that you are now experiencing. It could be somehow enhancing what you are experiencing in different senses. It is audio created by a machine to enhance you reality, whether it be adidng something from a virtual world or becoming one of your other senses, like vision.

		As an emerging field, what future directions do you envision for AAR? For example, vision based AR systems  have matured for application in aircrafts and vehicles as Heads Up Displays (HUDs).		It exists already, your turn signal has AR. If anything the visuals haven't caught up yet.												Will open up new opporuntiy in entertainment/games. Once it is better developed, AR Games could become very popular.
It would feel like a more realistic VR. VR is great for complete submersion. AR could be just like VR, but with reality, you see yourself in it, rather than replacing VR.
People enjoy listening to their music, singling out music would make people happier and safer. Can get rid of wind, drown out with music, but overlay important noise. "A more developed version of Siri. With simulation and driving, personal secretary.
AR audio could maybe amplify certain noises and deamplify others."

																A better version of the windshield thing, but for navigation. Also with music, play honks, outside noise on top of the music so that you could better navigate, be aware of surroundings.
Really helpful for military training, make it more realistic to ensure that people have more pressure to perform. Easier to notice things.
Could be helpful for driving. Driving feels like VR, because you are sitting in a spot going fast. With the oustide noise, you have pressure to react faster, so that you aren't just focusing on music. Make a trasnparency for other noises, like Ambulances.

		We will now show you a taxonomy that was developed after a literature review. Please share your thoughts, comments, and suggestions on ways to improve it.		It;s helpful to have a one-two word thing on the first column, so that where it says AR, take that down to a couple words. That will make everything else fall into place. Extending reality can be used for some. In one of our projects we are looking at getting rid of the speakers in hospitals, so in that case we want all the sounds to appear to come from real world objects, but only be heard by staff. This would be better for patients, who then won't have to hear audio unnecessary for them. It's not just training scenarios, but day to day uses. Firefighters and health care/surgeions - also for phyisical therapy. We match up the audio with the left and right hand sides. For drivin - tell the driver about their driving (you're driving too dangerously, be more careful). applications with messages/texts
Use case- Why not use the term hearables. The general term for smart earphones. The literature is outdated, they have not been keeping up. Neck speakers - don't sound good, but can with DSP. Same with bone conduction. If you don't mind it being quiter, you can make any speker sound better. 
		I think that this is just a massive space, so when I am even thinking about the context, its hard to keep that as a piece of a taxonomy for something else, because there so much richness there. Some of this is more theoretical, and some is more specific like recreational activities.
Under form factors, I differ more than others you may have talked to. I still find a stereor to count as a form factor for AAYR, unless you are talking about AAYR for an individual, where you need control over the sound.
Use Cases -- I think that context is a way to get to use cases, and I say this because "training scenarious", well what if its just leanring in general, like what kind of learning moments would we be forming. Youve got some classic moments of when we as a field have thought of AR, like with getting feedback from training, or navigation and wayfinding. These are all very reasonable. I think that soundscape recreation is an important one, so that we can also give a feeling or an emotion, effectively a nonverbal essence. 
		It all makes sense.
I think many of these definitions adress physical reality register aspect. The first one is very close to the one by Azuma I think. The second one is quite interesting, its more modified signal I think. I think this is more general. I cannot complain about any of these definitions.
Use Cases - The second from the bottom is a bit confusing to me, its a very general situation. Im not even sure if I can consider it a use case - animating physical things with sounds. Its somewhat similar to some of the others then. Its pretty similar to what we have in the last row as well. Thats what I though and also I was thinking about education type applications which will benefit with the audio AR stimulation. There are papers which have focused on that. Theres also a difference between education and training for instance. One of the projects Im involved in is a literature review on spatial systems. Maybe the auditory information can extend that spatial coginition information to depend on my location and the surrounding buildings/objects. The interception or the manipulation of auditory info could help you understand how the sound works and then you can learn the phyiscal phenomenon somehow. Education then could be one of the use cases.
 
		I think those users and contexts make sense. I think the ones you have here make sense, but it is hard for me to understand it as a whole. Like how you are organizing this and how you are covering the whole aspects of AAR, like how you are augmenting. I think the taxonomy can probably have some hierarchies and some higher level ideas to maybe arrange these ideas. Like when you are augmenting the reality or using spatial audio. Maybe there can be some different levels, which is better than a list of items. It is hard for me to understand if it is fully capturing the whole idea.
There may be so much more that I could not think of, and thats the tricky part of having the list of things. But from what I have read those all sound quite compelling. "A: If someone is playing an electrical guitar, is it AAR?

S: You are using computer to generate the sound, so that you are localizing the sound source, so that the player feels like the amp is beside them or near them?

		For B3, do the sounds actually have to be associated with an object, or can it just be an area? I guess thats one thing that kind of jumps out, tying it to an actual object may not be necessary, like if I want you to walk to the left, I can just play audio to the left.
What would be a sharable device in F3? [We're assuming a headphones thing two people could share either in the same place or in different places] Is the sound relatvive to their position? [Its relative to their position but with them interacting in the same context] 
I'm looking at the head tracker under form factor, I definetaly understand the purpose of a head tracker, but just the feasability of it. Google Glass was ther etech wise, but people thought it looked dorky. What's the different between B6 and B7? [They are very close, a lot of the definitions have overlapping elements. In B6 we're thinking of recording the audio and enhancing it in some ways, like when walking in a park and enhancing the sounds of one birds sound coming from some direction to enhance the experience. And then in B7, this is talking about a form of sonifying the sounds that exist in reality but for preobtained data]


		I think it makes sense, it builds up on the information gradually and that is easy to follow. I only have one question, not sure I follow, "real time combination of real and virtual worlds", thats the build up I'm not following. Should it be the other way around? A: Within a virtual world if we try to place viortual sound source so as to further immerse yourself into the virtual sound. This definition may not be connectd in the best way, but the idea was to enhance the immersion in the virtual world using audio AR. The virtual environment will alreay have a virtual auditory component?

A: Correct. That is sort of the idea here, where you are enhancing a VR experience using the audio, which is being produced through speakers here. That is where youd draw the line, because youd define your VR experience as something that the audio should come over headphones? Is that what you mean? You have a VR experience with the graphics. What would it take to augment the audio of that to do audio VR?

A: Because we have an array of speakers that surrounds the user, you are able to spatialize the sound. SO when a car passes from left to right, so too does the sound, rather than just simply playing left and right channels on headphones.		Definition in E7, needs a little bit more elaboration, but that is the closest to how I feel it should be descfribed, because it specified how you are altering your perception of it. Many defs don't specify that you can still hear around you. You need to specify that you are not just replacing what is around you, but you are amplifying it or adding to it. Otherwise, it would just be audio or VR.
K8 does not make so much sense, because a lot of athletes are almost pupsoefully drowning out audio to focus on vision. By adding audio, you could break that. In the majority of sports you don't have anything blocking your hearing. This could only be needed for subtle things, like adding a microphone between people. There is nothing impeding the audio, they are just purposefully tuning it out. "E12 pretty accurate, E2 pretty interesting. Make a sound of a virtual sound.
It would be cheating for most spots, if you enhance audio. It would be viable if very small [hearing machine]. ""Bone conduction question. Having headphones on feels constarined, but if you had your ear open it would feel a lot more real.
The only sport that could use audio is shooting/hunting."""		The taxonomy outlines several factors which we have already discussed, and some are new, like with bleinging: combinig virtual and real sounds. You may have to make sure they dont interefere here. Surgical devies would also be very interesting but also ptentially contraversial withtheir intrusiveness. I like the idea of using it for workers working in dark environments. "I think that this taxonomy is very comprehensive so far, and I saw a lot of AAYR aspects and different aspects of definitions, environments, and a lot of stuff that can AAYR can apply to. I like how you outlined audio and AR differently. There is a lot in the audio taxonomy that interested me, like the keynote sounds, that is very comprehensive.
I'm thinknig about how some of the users may be limited in some ways, like you should link users to the form factors, which form factor most benefits a certain user, or group of users. Like with workers in dimly lit environments, some devices are more useful than others. You can maybe link the user with a form factor that can benefit them the most. Some users might like only benefit from one or two form factors."		I was looking at the karaoke, so would that be like auto tune? That is sort of building upon your original audio and adding a layer on top of that. It is great how it can track your orientation to specifically place the sound, as this could be great in a video game, like when you turn around in this kind of a virtual space. Trying to figure out how t best place sounds is iomportant. With the athelets as users, they could benefit from this a lot. During track practice we would be able to listen to music, as that could get you hyped up, but you can't do this at a competition, like with cross country. They could definetely benefit from it in these cases. Somethuing you can add to users and use cases is teaching, espeicially with online learning. One oif the definitions is doubled. You can add the challenges of using it and the benefits that the users could get from each use case. How could the AR change how the users interact. The organization is a bit tricky, is everythying linked across? It was a bit odd going across it as if everything in a row was connected. I would explain that somewhere, to help people understand.

				Series on cave paintings - In terms of sound. A lot of caves have ideophones, natural objects that make sound when you strike them. Their acoustics are pefect for making the sound of animals painted on the walls. Cavepaintings are early theater and early animation, especially with fires which can animate the paintings. Teach people to hunt or for entertainment. AAYR goes back really far. Soundscape from Microsoft - spatialized/directional sounds. Factory workers/EMS - yep.
There's a pair of commercial glasses for people that are blind which can read. You can train it to recognize people's faces. More simple way of doing that, with iPhones.
Videogames - surely, zombie running game, which is audio only. When you are running, you can simulate zombies chasing after you. That's intended for being outside, in the real world space.
Museum tourism - have you ever been around a museum with a curator? They tell you amazing stories about objects, who donates it, when it got lost, how it relates to other pieces. It is far more interesting. Persuade a museum to get a curator to talk about pieces they are pasionate about.		And theres probably research into what kind of music makes you feel different things. VR sound applications, mixing more and more real and virtual integration makes sense, and that is important. I did a study about augmented mirrors, we got feedback about these specific graphics, sometimes a car would drive by and its interesting how the wrong sound can destroy that sense of presence, or what youre feeling is real. You may want to include some about the value in removing sound. AAYR is often seen as additive, but it also dimishes. We should probably consider diminished reality. This is a subset of AR, from my internal definition, so sound cancelling headphones would work like that. In this sense you could cancel out the wavelengths, so that my ears don't regiester it (in comparision to sound masking). What sounds do you let through, because in some cases it is very important. Especially with things like military and construction purposes.		I think this table misses entertainment, like virtual/AR concerts for example. Also imagine a concert happening in some place on campus where some people don't really want to listen to that music, so they can use their own AR display which does not mess with anyone else's displays. That kind of a use case could be included if you are not limiting your scope to the literature review that you have found. "Is it more of a singular or shared experience?
These days the head mounted system is more individualized. One of my concerns is that kind of visualization. This is more of an ethical thing, like with Black Mirror, which showed dystopia involving where each person has their own experience that can cause some difficulty in communication. If your reality is completely different from my reality, it would make communication much worse. Technology is too fast for the regulations or the policies. Which cant follow as usual. I think the audio stimuli is the same. I think we're getting more and more focusd on that customized individualized experience, but I would like to somehow communicate with other people. How I can actually understand what you are thinking and what you are trying to do (theory of the mind). It should help for us to communicate in a better way.		A: Solely just a person with a guitar which is connected with an amp. S: I don't quite get it, is it just the computer working as an amplifier, and there is nothing spatial about it? I don't think it is AR, and that is because when the computer is simulating that, it has nothing to do with the room or the environment, which it has no understanding of. I would not say that is AR. It is just amplifying the sound."		In D8, where it says that audio with visual AR to asist in a primary task, why is that only for older adults and explorers? [So I'm guessing older adults because they'll have diseases like Alzhimers and they could use help to find things. For explorers, that could work for anyone giving them an experience to explore beyond the actual physical trail] I guess my point was that older adults are not the only people who could benefit from this. People on the spectrum may have trouble with executive function and may forget these things. So you would be limiting it from people with cogintive abilities that coud also be helped by this. I'm not sure if I understand the use case for row 9, digitally gen audio on top of on top of reality to add to but not remove from it (construction workers; military). [In this row, we decided to focus more on noise use in hearing loss. Those people need hearing protection and so need to mask certain noises, so you need to take away some noises from the environment, but youd need to add noise to mask that so at least perceptually youre trying to take something away.		But it you played interactive head track with binarural, would you consider that VR auditory display. A: I would. So the reason you are not considering the speakers one a VR auditory display is because a. the interaction is not computed somehow and b. because you have two spaces, the virtual graphics space and the physical audio space. A: Right. I haven't thought of that, but yes that would be an augmentation of the virtual space by definiton. I just don't see that by the way that it is written. I see what you are saying and I kind of agree. Its an extreme scenario, but yes. "A: In regards to the use case column, do you think we missed anything? You have tourist experience, navigation, and some that I would not think of, like object finding which would indeed be an AR situation. It covers all of the situations I am thinking of and more. A: Do you think we can make any further categorization in regards to the auditory display design? A: Right, I would say there is a single, two, or multiple layers of auditory information, but they're accessible based on your action. Do you think that could be another way to categorize these experiences?				I focus on the aspects on those users who would benefit from AAYR. I used to run at night on the road and would use headsets and noise cancelling headphiones, which are dangerous in that case. Maybe we can link users needs with the sounds that they need such that it will improve their ability to do certain things. I like this, because it kind of gives me an overaly of what are the different use cases/form factors present. I do like the sonification of real world environments. Adding things like these is very interesting. Blending was a new concept to me, as I though of audio AR as overlaying audio and information. I think you could take a use case and users and give a whole scenario so that we can relate to it better, instead of breaking it down into individual cases. This taxonomy is very comprehensive, I see a lot of points have already been discussed and covered in our combersation. It is good to have recovered some points from here. This kind of AR tech can be applied by medical tech, this can be really interesting, and have me some new ideas, and could chang ethe medical experience.

				Metaverse - I think people will get as bored of it as with PokemonGo. But it can be used in many ways, Google glass, Apple glass, etc. When it becomes commonly used, the virtual world will catch up. I could be in a call here, but one of us could have an avatar representation of themselves and it would sound like they are coming from where they should be coming from audio-wise. If I want to have it such that my audio is a 19th century castle, I could do that. Text-to-speech is getting so good. If anything it will improve audio quality dramatically. If it happens to be someone you speak to often, then the synthesized voice will be on my device, and that will be their real voice. If you think about it, do you think of you tv or computer as anything different from your home as a device. They are all computers, all are eletrical goods. If we look at sonic bubbles for privacy, then the server doesn't have to send the same files to everyone. Everyone wants to be out front. Older adults - we are exploring that with people with dementia. 		Do you think there should be two versions of the taxonomu, high level vs street view? This document as it is gives more information about how the goals and defintions of AR from different perspetves. A different kind of framework could help me think about the different perspectives could give a more general view. I always think of things in terms of the human, the task, and the environment. How does that change the needs of the system? I do think there is value in this split, because the street view gives you the detail and the richness, and the birds eye view gives you the connection.		Echo chamber question. Thats what Im always trying to keep in mind as a developer.scientist. When the public first sees these AR experience, there are mulitiple kinds of experiences. Some really like it and some are concenred about their impact on people. Thats what I always try to keep in mind and not forget. A lot of users use social media these days, like with YouTubes recommended and related videos, which is pretty much the same thing that I liked,and Im more exposed to that same contecn again and again, which limits my opportunity to explore other things. Thats what I want to try to avoid. I dont want that kind of technology. I dont want to forget about that, or have that kind oftech to limit myslef. This could also cause a great knowledge gap between those have the tech and those who cant access it. I don't believe there is good or bad tech, but the way to use the tech had good or bad effects."				 Artistis and musicians require some quiet environments, which isn't always easy to find a very quiet environment, which was our reasoning here]. That makes sense, I guess Im just thinking that musicians need quiet but also need to hear themselves, musicians also need to blend in with others, so often times theyll play with others in their section so that kind of isolation to hear people within your section would make sense. The earphones part, theres somethinbg that you can put into your eardrums to do this. When I was working at Wright Patterson Air Force lab, you should look up Doug Brungart. And he created this thing that you have to install into you actual ear canal, one end is blocking and one is delivering sound. And you can wave a magnet at it to work with it, ie change volume. Its more like someone else has to put it in your ear, it is definetaly not surgery. He uses it all the time. [And that allows him to do what again?] To isolate the world, and it can attenuate the outside the world. You run a magnet by your ear to control it. I don't know if it can go past your hearing to help you if youre hard of hearing.		Yes. I would say that another level of categorizartion that also reflects the complexity of the info that youre sharing is this, is what happens in terms of the layers of the auditroy display that youre trying to put on top of your experience. Because it also has another component that doesn't come starighforward but can be useful depending on what you want to do with that. If you think in terms of leayers, its also easy to add a timeline component to that, because the layers dont necessarily need to be concurrent. So it helps you also describe the build up of this augmentation. It can be something taht based on your decision or navigation, will evolve or the complexity will chaneg in a way that fits your actions or needs. Once you think in layers, you can also reflect that. You're not really dealing with the hardware component right? Because youre focusinga lot on the how and the design, but you are kind of recycling the hardware. Youre just repeating more or less the same type of equipment.

A: Right, we just have one focus there, which is, for that context, what type of hardware would be the best.

				Definitions - Even if you were standing next to your idential twin, you would still experience two different soundscapes [soundscape def.]. Keynotes - more so identifiers, not mostly backgrounds, not in the psychological way, they are providing context. If you think of a keynote speaker, you wouldn't consider them background sounds. They are in the background but they are not unimportant. Figure is what you are actively paying attention to, ground is everything else. Soundwalk - //Found the definition interesting//  (https://www.sfu.ca/sonic-studio-webdav/handbook/Soundwalk.html) Well established. Enchantment - I agree with that definition, but what you are doing is extend/enhance the listeners understanding. If you think of those keys, if you hear someone pick up those keys at 4 AM, then you have that meaningful sound. All sound has meaning to somebody, otherwise we wouldn't call it sound, we'd call it noise										The way its added here, there is not necessarily a prioritization, and they are written in the same manner. In some cases it makes sense, and there are some components one wouldn't think of, but not necessarily your go to tool for every one of those categories. Beyond what youre looking at, maybe what you are prioritizing;; A: Is there anything else you'd like to talk about here?;; I find the compoinent of removing information as a component of AR interesting. I see the point, it kind of contradtics, it isn't augmenting its removing. I wouldn't necessarily see a part of this, but I understand that this can fit within the broad concept of AR, rather than my definition of AR. 

				Blending - It's not just natural sounds, you can think of the preexisting sounds. Change natural to preexisting in the definition. (Electric guitar as a form of blending) - Depends on how you are using it; just a musical instrument or using it to wake up your brother. All instruments have some form of natural amplification. In that scenario the electic guitar is working as an amplifier. The reinforcement is a bit of a confusing term. In sound you have sound reinforcement, but you also have reinforcement in that youre adding additional information (like with a metaphor). Overlaying - How many of the alerts are left on on your phone? Hopefully relevant to the current activity. There is so much being added that is rubbish.









Comparison

		CUSTOMIZATION		USER CONTEXT		ASSISTANCE PROVIDED								IMMERSION/SENSE OF PRESENCE										RELATION TO REALITY

		Sounds audible to more than a person, but customized to be meaningful to the user		Assist in user's intentions, tasks, goals.		How does the auditory information help the user?								Provide appropriate information capable of enhancing perception within immediate environment										What is the relationship of the auditory information to the user's reality.

		one set of users hear frog sounds, but if it is a sonified version of stock data, the user will interpret the frog sound as the data. "Frog sound" - could be pleasant or annoying.		must help the user's primary goals		Extent of assistance received by the user from the auditory cues available								immersion is system provided, user feels sense of presence. capable of changing sense of presence or location; transport to a different sense of space										How 'reality' is currently defined (concensus on reality)								Compare with existing AR dimensions. Overlay, complementing, supplementing, additional info, not replacement, transparent, can hear real sounds - definition of AR														If Immersion and Customization are related, how does it work? Increased immersion through increased Customization? Then, since Customizations are targetted to unique users, the AAR experience becomes more of an individual experience. If Customizations are targetted to a larger group of users, the AAR experience can still be a shared experience. Hence, in the middle, a compromise exists, where the Customizations are done to provide a sufficient sense of Immersion to most users, but additional Customizations should be available to user to further increase Immersion at an individual level. Should these be combined into a single dimension, or should be they kept separate? Also, since Customization has been clubbed together with User Context to form Assistance provided, should it be clubbed together with Immersion to create another new dimension? The data does not provide a great sense of overlap between the two dimensions, but it also indicates that Immersion can vary from user to user depending on the Customizations available. Customizations, however, should be done to assist the user in their task, whether that be their need to feel more Immersed, or offload mental resources to a different modality. Hence, it is my opinion to maintain Immersion the way it is, and have Assistivity be the third dimension. Together, they can define AAR experiences.

		Customization and User Context could be merged together into Assistivity, since any customizations being made to existing audio or added audio is done so to assist the user in their task. Whatever the customization maybe, it can assist the singular user in one way, while assisting multiple users in another way. Audio AR can be individual and shared experiences, as long as the augmentation asissts the user(s)' context of use.																						If loudspeakers are altering everyone's reality, is it still augmentation? If audio has the same meaning for everyone, this sound is now just part of the current reality. In this case, Customization is low since audio is the same for everyone; Immersion is sufficient; User Context is low since audio may be goal independent.In this version of reality, additional sounds (augmented, transformed, diminished) may be AAR, but not the loudspeaker audio since that is now just part of reality.		But whether loudspeakers are AAR or not, is User Context driven. If every user's goal is to feel more immersed in a virtual environment, it could be an application of AAR. However, if the loudspeaker audio is not targetted for specific users, it is not AAR.																Overlay		Unique layered display of auditory information that adds to what is already there. Has to be meaninfully enhanced. 		Is Customization and Immersion mutually exclusive? Customize levels of Immersion. Customize is not only related to Immersino, but other aspects of the audio too, so can be different dimensions.

		Unique layered display of auditory information that adds to what is already there. Has to be meaninfully enhanced. 		Context driven. If music actively helps in performing a primary task, YES. Electric guitar sound in person is not AAR - not augmenting anything.		Enhancement should be meaningful to the user's primary task.		Audio cues should enhance or add to real world sounds, easy to distinguish or recognize, and assist in user's primary task with the real world.		ASSISTANCE PROVIDED (Could be represented as a  continuous scale where the audio can be rated as being closer to the noise or the signal end of the spectrum)				Overlay		Add to real world sounds, interact with the real world to enhance perceptions		Sense of an alternate environment 		SENSE OF PRESENCE				Digital data to understand the physical world by adding to it.		Digital sounds added to environment while environmental sounds are still perceivable		Maintain connection to physical and social reality		RELATION TO REALITY 												Enhance experience/perception of real physical space		Representativeness of auditory cues to minimize mental workload, latency issues for immersion, reduce any nausea. Work in tandem with natural environment and people. Spatialization to easily distinguish sounds.

		Representativeness of auditory cues to minimize mental workload, latency issues for immersion, reduce any nausea. Work in tandem with natural environment and people. Spatialization to easily distinguish sounds.		Registration and interaction with physical world. Context dependent. User goal or task dependent. 		Audio cues should be easily recognized, be representative of something meaningful to the user. Allow for interaction with the real world.								Enhance experience/perception of real physical space										Transparency, overlay new digital or audio components integrated with reality																		Linkage between physical and virtual world that in interactive, adding/overlaying to existing reality		Spatialization for localization, transparency (compare elements of visual and auditory display - have similar and distinctive mapping between the elements) Example: temporal quality. fading sounds, blend with environemnt.		Procedures: two researchers analyzed together; conflicts resolved by discussing with a third resercher. Detail how the columns were made, color coded process. Reviewers will point out its not detailed enough, so have to include all procedural details. Cite methods of GT and analysis.

		Spatialization for localization, transparency (compare elements of visual and auditory display - have similar and distinctive mapping between the elements) Example: temporal quality. fading sounds, blend with environemnt.		No - 1; Maybe - 3; Yes - 3. It can be shared if people are receiving the same information, but it will depend on the individual's task. Could also depend on the form factor used to provide AAR, if it is strictly personal devices, it might not be a shared experience.		As salient as visual cues;  spatialization  conform to the physical space. Multiple users can experience the same cues equally in the same or separate physical spaces, but assistance provided can vary depending on user's goals. 								Linkage between physical and virtual world that in interactive, adding/overlaying to existing reality										If only digital sounds and no real sounds, that is auditory VR.If real sounds audible, yes it is AAR. 																		How music augments reality. If audio not related to reality - not related to user's immediate surroundings or user's task - not AAR. No leaning. Sonification that interpret the real world can be AR - helps understand environmnet.		When required, the auditory information can become part of the environmental sounds as a shared experience, but otherwise remain accessible to individuals that need it. Consider comfort and function trade offs.		Contributions: Three dimensions can serve as heuristics for evaluation studies. Can also serve as design guidelines (sub categories of each dimension).

		When required, the auditory information can become part of the environmental sounds as a shared experience, but otherwise remain accessible to individuals that need it. Consider comfort and function trade offs.		No - 2; Yes - 3; Maybe - 1. Yes, if individuals in geographically different places can listen to the same auditory information. No, because even the same auditory information may not provide the same effects on two individuals. Context driven, depending on the individuals' goals can be shared AAR.										How music augments reality. If audio not related to reality - not related to user's immediate surroundings or user's task - not AAR. No leaning. Sonification that interpret the real world can be AR - helps understand environmnet.		Audio must be dependent on reality and user's goals; enahnce real world sounds to be meaningful to the user								adaptation dependent may be perceiving virtual sounds as real sounds, then it is no longer AR. Hence, AR definition dependent. Have to define reality to understand what the augmentation is. Listening to music is AR? No		Maintain social aspect of reality, eliminate noise from reality but not necessarily delete it (transformation)																Story telling aspects qualify to be AAR - sound induced experiences. Context driven YES.  Immersion can vary.				Equivalence of each dimension: Likert ratings on each dimension. For Assistance - how helpful are the sounds? For Reality - how well can you distinguish? For Immersion - how immersed do you feel?

														Story telling aspects qualify to be AAR - sound induced experiences. Context driven YES.  Immersion can vary.		User should feel engaged with the auditory content added to their reality.								Localization, add to existing environmental sounds																		Any digital audio is AAR - but real sounds have to be audible.		Meaningful enhancement of the sounds of a physical spce by adding virtual information		Immersion and Relation to Reality - orthogonal or correlated? Immersion - give you sense of different space physically. Reality - how distinct is it from immediate reality? If we want to present as a 3d cube, the dimensions must be orthogonal. But some overlap exists with the three dimensions.

		Meaningful enhancement of the sounds of a physical spce by adding virtual information		Those with hearing loss won't benefit from AAR. Present information when necessary. Temporally scalable use cases. Haptic feedback can be consdiered AAR. Lower than 20 Hz can be felt, but not heard. Dependent on user task.		Enhancement could be to haptic modality; those with hearing loss can feel the augmentation to assist in primary task.								Any digital audio is AAR - but real sounds have to be audible.										Hearing disability, entertainment purposes, isolation for focusing on primary task (reduction of environmental noise), audio aided GPS navigation using HUD (complement the visuals)																		Spatialization to denote location of source. Navigation purposes. Stream segregation to distinguish sounds over natural environment. Unobtrusive.				Are these considerations already part of visual AR? Have to be different to be new. Some overlap is okay, but should also be different. How helpful are the new dimensions, do they not apply to visual AR? How are they unique from visual AR?

				Those with limited vision or other modalities. Aural AR concerts in a physical space. Entertainment use cases for users in everyday life. Everyone can benefit to an extent depending on context or use case.		Enhancement should be meaningful to the user's primary task.		Audio cues should be salient to easily distinguish from real world sounds. Cues maybe audible to multiple users, but if there is no shared goal or primary task, effectiveness of assistance to each user will vary.						Spatialization to denote location of source. Navigation purposes. Stream segregation to distinguish sounds over natural environment. Unobtrusive.		Separate channels to distinguish between multiple virtual sound sources. 		Engagement/Interaction with physical environment						Recreational acitivies such as going to a museum, aquarium, zoos/safaris, spatilaized audio in movie theaters, Zoom meetings, music production, VR applications; adding additional environmental sounds to improve SA. 		Audio must be distinct from immediate reality. User must not expect the audio to be part of their reality.		Audio must adapt to be perceived distinctly from user's immediate reality														Interaction between virtual and physical, hardware capabilities, virtual sound is the primary sound and real sounds are part of the soundscape, context driven.

				Interaction between virtual and physical, hardware capabilities, virtual sound is the primary sound and real sounds are part of the soundscape, context driven.		Audio cues should be easily recognized, be representative of something meaningful to the user. Allow for interaction with the real world.								Interaction between virtual and physical, hardware capabilities, virtual sound is the primary sound and real sounds are part of the soundscape, context driven.		Virtual sound sources must be perceived as part of physical environment, but be distinguishable too.								Loudpseaker sound is AAR - yes. Removing certains environment sounds is AAR - yes. Have a high level taxonomy as well as a detail level taxonomy (hierarchical)																		Provide sense of belonging/collectivism, audio overlap visual informationt to improve focus, immersion equal to visual AR, omit noise from environment, interaction + immersion within real world.

				Scenario or context dependent. User need dependent.		Enhancement should be meaningful to the user's primary task.								Provide sense of belonging/collectivism, audio overlap visual informationt to improve focus, immersion equal to visual AR, omit noise from environment, interaction + immersion within real world.		Augmentation of real world quantity to improve perception/knowldege/understanding of said quantity								Prioritize hardware based on use case. Removing sounds not AAR.		If loudspeaker sound is dedicated to user's goals, it may be AAR, but if no User Context, then not AAR.																Users whos visual channel is occupied. Context driven - constraints of visual perception. Better perception of quantity through sonification than visualization.

				Demographic and context dependent. Goal relevant.		Enhancement should be meaningful to the user's primary task.								Users whos visual channel is occupied. Context driven - constraints of visual perception. Better perception of quantity through sonification than visualization.										autotune - changing real sound source by modifying it so a new layer is added (transformation); teaching/education use case, challenges and benefits for each use case, interaction tehcniques, make connections between different aspects of AAR																		Representativeness of auditory cues to minimize mental workload, latency issues for immersion, reduce any nausea. Work in tandem with natural environment and people. Spatialization to easily distinguish sounds.

				Spatialization/3D virtual audio appearing to come from a real source. Immersion can vary with context.		As salient as visual cues;  spatialization  conform to the physical space. Multiple users can experience the same cues equally in the same or separate physical spaces, but assistance provided can vary depending on user's goals. 		Multi-layered displays should adapt to user's goals and requirements by displaying the minimum layers at a time and using the most appropriate modality (haptics for those with hearing loss).						Representativeness of auditory cues to minimize mental workload, latency issues for immersion, reduce any nausea. Work in tandem with natural environment and people. Spatialization to easily distinguish sounds.		Virtual sound sources must be perceived as part of physical environment, but be distinguishable too.								Physical reality registration. Animating physical objects with sounds - not AR? Separate Training and Education use cases. Location based audio spatialization - understand how sound would behave in a specific location. Add entertainment use cases - selective concert goers - those not interested can choose an individual different audio display. Individual AAR is good but should not hinder ability to communicate with others in the immediate physical world, if not in a better way. AAR should not create individualized echo chambers - social collaboration must exist. Equity issue between those with access and those without.																		Convincing spatial display and interaction. Increased immersion.  Depends on the needs of the experience. Acceptable enough HRTFs and room acoustics so user do not immediately reject the image. Virtual space and real space should not completely contradict each other - unsolved.

				Drones flying overhead and providing auditory information through loudspeakers, traditional speakers in the real world, headphones with AAR acitvation button. Context driven.		Loudspeaker sounds provided to multiple users at a time can augment users' reality, but depends on their goal. Sounds may become noise, instead of signal, if not aligned with user's goals.								Convincing spatial display and interaction. Increased immersion.  Depends on the needs of the experience. Acceptable enough HRTFs and room acoustics so user do not immediately reject the image. Virtual space and real space should not completely contradict each other - unsolved.		Virtual sound sources must be perceived as part of physical environment, but be distinguishable from sound sources in the physical environment.		Auditory cues are sufficiently complex to be perceived as part of the real world, but simple enough for users to detect different streams of auditory channels, while still being able to differentiate them from physical real world sounds. (simplify this) 						immersion + define reality better for user, not fully change it,  not take away from it 																		When required, the auditory information can become part of the environmental sounds as a shared experience, but otherwise remain accessible to individuals that need it. Consider comfort and function trade offs.

				used with visual AR, make primary task easier, assist/enhhance experiences, social interaction.		Enhancement should be meaningful to the user's primary task. Audio cues should be easily recognized, be representative of something meaningful to the user. Allow for interaction with the real world.								When required, the auditory information can become part of the environmental sounds as a shared experience, but otherwise remain accessible to individuals that need it. Consider comfort and function trade offs.		Virtual sound sources must be perceived as part of physical environment, but be distinguishable from sound sources in the physical environment.								Drones flying overhead and providing auditory information through loudspeakers, traditional speakers in the real world, headphones with AAR acitvation button. Context driven.		Concert sounds, available to everyone, may become part of reality for users, and the audio may no longer be perceived as distinct from environmental sounds. Not AAR. Temporal aspect of pereceiving auditory information - reality is adaptive for the user?

				Mulitple layers of audio. Categorize based on complexity and context with primary task. Consider temporal aspect of layers since all layers are not available at the same time. Interaction dependent, complexity and context of sounds.		Multiple layers of audiotry displays - available based on location, not time (interaction dependent). Each layer should provide unique signals to assist in user's goal.																		Meaningful enhancement of the sounds of a physical spce by adding virtual information		Reduction of environmental sounds to aid in user's primary task. 		Transform noise from immediate physical reality to signals for users 														Spatialization/3D virtual audio appearing to come from a real source. Immersion can vary with context.

														Spatialization/3D virtual audio appearing to come from a real source. Immersion can vary with context.		Virtual sound sources must be perceived as part of physical environment, but be distinguishable from sound sources in the physical environment.								Bone conduction and Open back headphones (allows to real noise in in a natural manner). Feedback loop in shared environment since real world is altered. Binaural loud speakers in real world is AAR; the speakers can dominate real sounds in a small space though. Virtual sources can be more or less spread out based on speaker locations. Virtual and physical perspectives/images must match for satisfactory AAR experiences.																		Smaller, simpler. Understand environment. Separated instruments for tracking, sensing, displaying.

														Smaller, simpler. Understand environment. Separated instruments for tracking, sensing, displaying.		Separate channels to distinguish between multiple virtual sound sources. 								Spatialization for localization, transparency (compare elements of visual and auditory display - have similar and distinctive mapping between the elements) Example: temporal quality. fading sounds, blend with environemnt.		Cite 'diminishing reality' as counter argument.																Headphones inside ear or around ear to remain aware of outside environment. Bone conduction earphones but with better localization features; current BC are not good with exernalization or elevation 

														Headphones inside ear or around ear to remain aware of outside environment. Bone conduction earphones but with better localization features; current BC are not good with exernalization or elevation 		Added sense of immersion in alternate environment, yet perceiving the real physical environment.								Provide sense of belonging/collectivism, audio overlap visual informationt to improve focus, immersion equal to visual AR, omit noise from environment, interaction + immersion within real world.		Transforming environment sounds can be AAR - changing reality, or replacing a component of reality. Make audio distinct or different from reality																AAR is not hardware focused, unlike visual AR. Provide diff sense in conjuction with the real world. Any audio that does not interefere much and perceive some other information.

														AAR is not hardware focused, unlike visual AR. Provide diff sense in conjuction with the real world. Any audio that does not interefere much and perceive some other information.		Added sense of immersion in alternate environment, yet perceiving the real physical environment.								Adding keynote sounds to enhance our real soundscapes (office sounds when working from home, meditation), museum tours, virtual live concerts, video game experiences, affect modification, military+police+fire fighter training, mask or omit noise from environment, voice assistants.		Transform concert sounds to something else, or adapt/augment it to sounds better to the user, while retaining connectionto physical and social reality.																used with visual AR, make primary task easier, assist/enhhance experiences, social interaction.

														used with visual AR, make primary task easier, assist/enhhance experiences, social interaction.		Add to real world sounds, interact with the real world to enhance perceptions								No - 2; Yes - 2; Maybe -2. Yes, if only a single person can perceive the music coming from headphones or similar device, a live concert is not AAR because everyone can perceive real sound, and also because it is adding a layer of auditory information on top of the existing environmental sounds. Context driven.		Transformation to an extent, not completely take away from reality (noise)																immersion + define reality better for user, not fully change it,  not take away from it, 

														immersion + define reality better for user, not fully change it,  not take away from it, 		Added sense of immersion in alternate environment, yet perceiving the real physical environment.





Final Taxonomy

				SENSE OF PRESENCE



				Sense of an alternate environment 						Engagement/Interaction with physical environment						Distinguishability from physical environment



				Added sense of immersion in alternate environment, yet perceiving the  physical environment.		Audio must be dependent on reality; meaningful enahncements to augment the physical environment				User should feel engaged with the auditory content added to their reality.		Augmentation of real world quantity to improve perception/knowldege/understanding of said quantity				Virtual sound sources must be perceived as part of physical environment, but be distinguishable from sound sources in the physical environment.		Separate channels to distinguish between multiple virtual sound sources. 

				ASSISTANCE PROVIDED 

				Meaningful Recognition						Available Saliency						User Context Driven



				Provide meaningful assistance in the  user's primary task		Must be easily recognized, or be representative of something meaningful to the user.				Saliency compared to sound sources in  the physical environment		Adaptive saliency in multi-layered displays to provide unique assistance from each layer				Cues may be available to multiple users, but without shared goals, assistance provided depends on each user's needs		Cues can become noise instead of signal, if not assisting the user's needs

				RELATION TO REALITY 

				Maintain connection to physical and social reality						Audio must adapt to be perceived distinctly from user's immediate reality						Transform noise from immediate physical reality to signals for users 



				Digital sounds added to environment while still perceiving environmental sounds		Maintain social aspect of reality to stay connected with other users 				Over time, cues must remain distinct from the physical environment		Temporal effect of auditory displays may cause user to redefine their physical reality over time				Replacing noise in the physical environment to signals for the user's needs		Reducing or eliminating noise from the physical environment sounds  

				Evaluation Method

				Sense of Presence

				Q1. How would you rate the feeling of being in an alternate environment? (0-9)

				Q2. How would you rate your ability to continue iteracting with the physical environment? (0-9)

				Q3. How would you rate the distinguishability of the AAR sounds from sounds in the physical environment? (0-9)

				Sense of Presence Score = {sum(Q1, Q2, Q3)/27}*100

				Range = 0-100

				Assistance Provided

				Q4. How would you rate the level of ease for recognizing and interpreting the meaning of the AAR sound? (0-9)

				Q5. How would you rate the usefulness of the AAR sound in terms of assisting you in your task? (0-9)

				Q6. How would you rate the ease of detecting the different AAR sounds? (0-9)

				Assistnace Provided Score = {sum(Q4, Q5, Q6)/27}*100

				Range = 0-100

				Relation to Reality

				Q7. How would you rate your level of awareness of your physical environment or other users in your physical environment when hearing the AAR sounds? (0-9)

				Q8. How would you rate the use of AAR sounds over listening to sounds from the physical environment? (0-9)

				Q9. How would you rate the ease of remaining aware of hearing different AAR sounds? (0-9)

				Assistnace Provided Score = {sum(Q7, Q8, Q9)/27}*100

				Range = 0-100

				Total AAR Score = [{sum(Q1, Q2, Q4, Q5, Q7, Q8) + avg(Q3, Q6, Q9)}/63]*100

				Range = 0-100





Final Taxonomy_v2.0

				WORLD CONNECTION																								MR Taxonomy - Immersion (alt env), Extent of World Knowledge (phy env), Coherence (dist phy env)



				ALTERNATE ENVIRONMENT						PHYSICAL ENVIRONMENT						DISTINGUISHABILITY

										Noun		Verb - try to make them similar/consistent

				Immersion in alternate environment		Overlap  physical features 				Interaction in physical environment 		Intepret physical environment better				Appear connected to the phsyical environment		Distinguish between virtual and real sources

				PERCEIVED ASSISTANCE 																								MR Taxonomy - No direct comparison

				Meaningful Recognition						SALIENCY						GOAL RELEVANCE		Relevance?



				Meaningful assistance		Representative recognition				Equally salient		Unique assistance				Individual vs. shared goals		Effectiveness of assistance

				REALITY DEPENDENCE																								MR Taxonomy - Extent of World Knowledge, Coherence

				SOCIAL IMPEDANCE		shared experiences - need another word				ADAPTABILITY						NOISE TRANSFORMATION		(Diminished/Altered reality)



				Extent of social collaboration		Equitable experiences				Temporal adaptation		Temporal distinction				Replace noise with signals		Enhance existing signals

				Start writing and explaining the taxonomy - add examples to better define each level

				Evaluation Method



				Sense of Connection

				Q1. How would you rate the feeling of being in an alternate environment? (NA, 1-10)

				Q2. How would you rate your ability to continue iteracting with the physical environment? (NA, 1-10)

				Q3. How would you rate the distinguishability of the AAR sounds from sounds in the physical environment? (NA, 1-10)

				Sense of Presence Score = {sum(Q1, Q2, Q3)/30}*100

				Range = 0-100

				Assistance Provided

				Q4. How would you rate the level of ease for recognizing and interpreting the meaning of the AAR sound? (NA, 1-10)

				Q5. How would you rate the usefulness of the AAR sound in terms of assisting you in your task? (NA, 1-10)

				Q6. How would you rate the ease of detecting the different AAR sounds? (NA, 1-10)

				Assistnace Provided Score = {sum(Q4, Q5, Q6)/30}*100

				Range = 0-100

				Relation to Reality

				Q7. How would you rate your level of awareness of your physical environment or other users in your physical environment when hearing the AAR sounds? (NA, 1-10)

				Q8. How would you rate the use of AAR sounds over listening to sounds from the physical environment? (NA, 1-10)

				Q9. How would you rate the ease of remaining aware of hearing different AAR sounds? (NA, 1-10)

				Assistnace Provided Score = {sum(Q7, Q8, Q9)/30}*100

				Range = 0-100

				Total AAR Score = [{sum(Q1, Q2, Q4, Q5, Q7, Q8) + avg(Q3, Q6, Q9)/70}]*100

				Range = 0-100





Final Taxonomy_v2.1

				SENSE OF CONNECTION																								MR Taxonomy - Immersion (alt env), Extent of World Knowledge (phy env), Coherence (dist phy env)



				Sense of alternate environment 						Sense of physical environment						Distinguishability



				Immersion in alternate environment		Overlap  physical features 				Interaction in physical environment 		Intepret physical environment better				Appear connected to the phsyical environment		Distinguish between virtual and real sources

				ASSISTANCE RECEIVED																								MR Taxonomy - No direct comparison

				Meaningful Recognition						Available Saliency						User Relevance



				Meaningful assistance		Representative recognition				Equally salient		Unique assistance				Individual vs. shared goals		Effectiveness of assistance

				USER REALITY																								MR Taxonomy - Extent of World Knowledge, Coherence

				Sociability						Adaptive Distinction						Transformation



				Extent of social collaboration		Equitable experiences				Temporal adaptation		Temporal distinction				Replace noise with signals		Enhance existing signals



				Evaluation Method



						Sense of Connection

				Q1.		I could sense an alternate environment easily. (0-10)		9

				Q2.		I could interact with the physical environment easily. (0-10)		9

				Q3.		The virtual and real sound sources blended well. (0-10) 		5

				Q4.		It was easy to distinguish between virtual and real sounds. (0-10)		8

						Sense of Connection Score = {sum(Q1,Q2,Q3,Q4)/40}*100		0.7045454545

						Assistance Received

				Q5.		The virtual sounds were assistive to my goals. (0-10)		8

				Q6.		The virtual sounds were relevant or related to my goals. (0-10)		8

				Q7.		All virtual sounds were easy to detect. (0-10)		8

				Q8.		All virtual sounds were assistive to my goals. (0-10)		7

						Assistance Received Score = {sum(Q4,Q5,Q6,Q7)/40}*100		0.7045454545

						User Reality Adapted

				Q9.		I felt connected to my social group? (0-10)		4

				Q10.		I could not hear any unwanted noise from the physical environment? (0-10) 		0				Table 1. AAR Heuristics

				Q11.		I continuously remained aware of the virtual sounds? (0-10)		8						Table 1. AAR Heuristics

				Q12.		The virtual sounds changed to accommodate my reality. (0-10).		4						Q1.		Does the audio provide a sense of presence in an alternate environment?		☐

						User Reality Adapted Score = {sum(Q9,Q10,Q11,Q12)/40}*100		0.3636363636						Q2.		Does the audio allow the user to maintain awareness and interaction with their physical environment?		☐

						Total AAR Score = [{sum(Q1,Q2,Q5,Q6,Q9,Q10) + (sum(Q3,Q4,Q7,Q8,Q11,Q12)/6)}/70]*100		0.6380952381						Q3.		Does the audio allow the user to easily distinguish between augmenting and real audio?		☐

														Q4.		Is the audio meaningful to the user and their goals?		☐

														Q5.		Is the audio helpful to the user and their goals?		☐

														Q6.		Is the audio sufficiently salient for the user and their goals?		☐

														Q7.		Is social interaction possible with the augmenting audio?		☐

														Q8.		At any point, is the augmentation based on transformation or enhancement of noise or signals, respectively, from the user’s immediate physical environment?		☐

														Q9.		Does the audio continuously adapt to the user’s immediate physical environment?		☐
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		Paper		Keyword		Description		Use Case		Auditory Display Design		Form Factors		Additional Notes

		Vazquez-Alvarez, Y., Aylett, M. P., Brewster, S. A., Jungenfeld, R. V., & Virolainen, A. (2015). Designing interactions with multilevel auditory displays in mobile audio-augmented reality. ACM Transactions on Computer-Human Interaction (TOCHI), 23(1), 1-30.		AAR - Audio Augmented Reality		Action of superimposing virtual sound sources upon real-world objects		Visual attention compromised by real visual objects in the surrounding environment. Indoor space explorations - museums, art galleries.		Multilevel, segregated by physical location. On each level, audio is spatialized either egocentrically, or exocentrically.		Earphones for sound output, hand-held eyes-free clicker for sound selection or interaction, motion tracking through IR blaster and receiver, indoor mobile location



				Activation Zone		Physical location within which additional auditory information becomes available.

		Cavalcanti, V. C., de Santana Ferreira, M. I., Teichrieb, V., Barioni, R. R., Correia, W. F. M., & Da Gama, A. E. F. (2019). Usability and effects of text, image and audio feedback on exercise correction during augmented reality based motor rehabilitation. Computers & Graphics, 85, 100-110.		AR audio feedback		Auditory feedback played through speakers to provide corrective cues.		Indoor gamified motor rehabilatation exercises with auditory cues to provide correct movement.		Real time speaker output placed in front of user in AR guided rehabilatation application.		Speakers for sound output, motion tracking through Kinect device, static locaiton

		Sikora, M., Russo, M., Đerek, J., & Jurčević, A. (2018). Soundscape of an archaeological site recreated with audio augmented reality. ACM Transactions on Multimedia Computing, Communications, and Applications (TOMM), 14(3), 1-22.		AR		—it combines virtual and real contents, — the virtual content is associated with real-world information, —it runs interactively in 3D in real time		Soundscape recreation		Localized sounds played through headphones depending on their location in the site which was guided using a smartphone app		Smartphone, headphones

				Soundscape		the acoustic environment as perceived or experienced and/or understood by a person or people, in context

				Keynote sounds		Mostly background sounds such as wind, water, birds, insects

				Sound signals		Foreground sounds such as whistles, bells, horns

				Soundmarks		Sounds unique to a soundscape area

				Soundscape listening - holistic		General impression of the sonic environment

				Soundscape listening - attentive		Discerning particular sounds in the sonic enviornment

				Soundwalk		Subjective measure of immersion; questionnaire answered by participants after experiencing a soundscape covering aspects such as pleasantness, eventfulness, emotional state

		Krzyzaniak, M., Frohlich, D., & Jackson, P. J. (2019, September). Six types of audio that DEFY reality! A taxonomy of audio augmented reality with examples. In Proceedings of the 14th International Audio Mostly Conference: A Journey in Sound (pp. 160-167).		AAR		Audio Augmented Reality

				Enchantment		Adding meaningful sound to an object that would not otherwise make meaningful sound.		Enchanted paper/books/maps/sports equipment

				Blending		Combining digital sounds with the natural sounds of the environment to produce sound reinforcements		Karaoke

				Overlaying		Using audio to provide a user with additional information that is relevant to their current activity.		Conversational Agents, Self-guided museum tours

				Digital Sound-Objects		The treatment of digital sound as an ontological token, and placing it at a definite place in the physical world.		Sound attached to virtual objects in AR Games, Geolocated sound

				Realtime Digital Modification		Digitally modifying sounds of objects that are capable of producing their own acoustical sounds		In-ear translation, Electric guitar distortion pedals

				Telepresence		Using sound to merge two or more locations.		Telephone, Treadmill sound walks

		Heller, F., Jevanesan, J., Dietrich, P., & Borchers, J. (2016, September). Where are we? evaluating the current rendering fidelity of mobile audio augmented reality systems. In Proceedings of the 18th International Conference on Human-Computer Interaction with Mobile Devices and Services (pp. 278-282).		MAARS		Mobile Audio Augmented Reality Systems - head position and orientation tracking allows spatial audio rendering algorithms to place sound sources around the user's head and provides virtual audio overlayed over the physical space. 		Ability of end users to accurately localize virtual sound sources in a physical space.

				Localization performance		Ability to correctly localize virtual sound source while using a mobile system.

				General HRTF		Generalized Head Related Transfer Function that modifies a sound reaching the ear depending on its origin relative to the listener's head orientation.

		Vazquez-Alvarez, Y., Oakley, I., & Brewster, S. A. (2012). Auditory display design for exploration in mobile audio-augmented reality. Personal and Ubiquitous computing, 16(8), 987-999.		MAARE		Mobile Audio Augmented Reality Environment (Soundscape)		Outdoor audio augmented exploration through the use of 3D spatial earcons of a sound garden by measuring user behavior (walking speed, head movements, stopping instances)		Earcons presented in stereo, plain spatial audio (volume variation only to denote distance), 3D spatial audio (volume variation plus directional variation for full spatialization)		AC headphones, GPS sensor, head tracker (JAKE), mobile phone

				Exploration (User behavior)		Degree of immersion in a soundscape being measure by extent of exploration, or walking speed and head movements (stopping instances, scanning)

				Capture Radius/Proximity Zones		Region within which virtual sounds are activated for the listener

				3D Spatial audio		Using spatial audio through air conduction systems to provide audio cues to appear to emanate from different locations, which help to reduce overlapping of proximity zones, and improve localization

				Spatial audio		Sound that varies only by volume or listening level to denote distance from the user (no directional cues)

				Earcons		Non-speech animal sounds (keynote sounds) played in the background for each proximity zone.

		Heller, F., Krämer, A., & Borchers, J. (2014, April). Simplifying orientation measurement for mobile audio augmented reality applications. In Proceedings of the SIGCHI Conference on Human Factors in Computing Systems (pp. 615-624).		AAR		Audio Augmented Reality systems, overlaying the physical world with a virtual audio space.

				MAARS		Mobile Audio Augmented Reality Systems - head position and orientation tracking allows spatial audio rendering algorithms to place sound sources around the user's head and provides virtual audio overlayed over the physical space. 

				Spatial audio		Special filters applied to recorded audio signals, giving the impression of the sound emanating from a source in the physical space.

		Bolsteis, C., Chasanidou, D. (2018, October). Audio Augmented Reality in Public Transport for Exploring Tourist Sites.		Audio Augmented Reality		A mature subfield of mobile AR.		To present information to tourists in a user friendly way		Localized sounds played through the headset to the users, depending either on the path they are taking through some tourist site, or based on what points of intereset they may be near to.		Headphones

		Valimaki, V., Ramo, J. (2012, September). Digital Augmented Reality Audio Headset.		Augmented Reality		Real-time combination of real and virtual worlds.		No particular use case, mostly to research effectiveness of a particular technology. Some general use cases noted include communication, binaural telephony, audio teleconferences, and virtual audio tour guides.		Sounds played through the headset/headphones to the users, through the listening test, in order to determine how effective the headset is.		Headset/headphones

				Augmented Reality Audio (ARA)		Combines everyday surrounding sounds and virtual sounds in real time.

				Pseudo – acoustic environment		The copy of the surrounding sounds that have gone through the ARA headset.

				Pressure chamber principle		To enhance the low and middle frequencies of the audio.

				Binaural telephony		When the two ear-microphone signals from both users are transmitted to each other.

				Latency		The elapsed time between a stimulus and the response.

		B. Bederson, B. (1994, May). Audio Augmented Reality:
A Prototype Automated Tour Guide.		Augmented Reality		Uses computers to enhance the richness of the real world.		To create a tour guide for museum tourists that don't isolate them, while also being more user friendly and allowing for freedom of movement.		Sounds play through the system to the users based upon the location of the users in a museum and their proximity to certain pieces of the exhibit theirin.		A headset (with a random-access digital audio source, a microprocessor, and a custom infrared receiver)

						An attempt to combine our real world interactions with the richness of computational information without isolating people from each other.

		An experimental study of spatial sound usefulness in searching and navigating through AR environments. Dariusz Rumin ́ski1		AR		superimposing computer-generated content, such as interactive 2D and 3D multimedia objects, in real time, on a view of real objects.		Indoor virtual object finding		Spatial audio sources that increases in loudness as you get closer to the source, with sources playing simultaenously.		Headphones, remaining hardware devices unclear. Smartphone suspected. Software implementation used CARL to provide spatia audio in the AR environment.

				CARE		Contextual AR Environment

				CARL		Contextual AR Language

				Spatial Sound		3D Sound from virtual sources that varies with pitch and yaw angle between camera and object, as well as with distance and height of the camera from the center of the object.

		Albrecht, R., Lokki T., Savioja L. (2011, August). A Mobile Augmented Reality Audio System with Binaural Headphones		Hear-through AR		Allowing the user “to hear the surrounding acoustic environment while adding virtual sounds to the auditory perception”.		No particular use case, but potentially useful for virtual museum guides or a messaging application.		Sounds play through the system that are overlayed over the natural environment (through microphones added to the headphones) that allow for a less intrusive system.		Modified headphones with microphones attached to them.

				The Occlusion Effect		The amplification of low frequency sounds conducted through bone and tissue, which comes from the ear canals.

				Pure AR Applications		“Where the real environment is augmented with virtual objects, which depend on the real environment and add information related to it.”

		Lawton, M., Cunningham, S., & Convery, I. (2020, September). Nature soundscapes: an audio augmented reality experience. In Proceedings of the 15th International Conference on Audio Mostly (pp. 85-92).		Static Experience		Participant is static, and sound plays around them.		Generate awareness about species conservation by recreating nature sounscapes using AAR. Static experience created by using speakers in four corners in a forest clearing that can be heard by multiple people within that area. 		Single level 4 loud speaker system providing shared experiences.		Four channel loud speaker, each capable of producing indepedant sounds. Physically connected through wires, tied to the audio interface system.

				In Motion Experience		Sound sources are fixed in the environment and used to guide participants as they move through a trail.								Shared experience, include in taxonomy v2.0

				SAMR (Substitution, Augmentation, Modification, Redefinition)		Framework to evaluate the adoption of technology in an educational context

		Boletsis, C., Chasanidou, D. (2018, October). Audio Augmented Reality in Public Transport for Exploring Tourist Sites.		Audio Augmented Reality		A mature subfield of AR.		Used in part of tour guide system alongside public transportation.		Headset system that plays out information when around points of interest.		Headset system.

		POST FOCUS GROUPS

		Kiefer, C., & Chevalier, C. (n.d.). Towards New Modes of Collective Musical Expression through Audio Augmented Reality. 4.		Audio Augmented Reality		realtime computational mediation of sound perception, mixing live digitally processed sound with real environmental sound		Musical Experiences with a collective audience		Compression of upper-mid frequencies to amplify breath and bodily sounds		BC headset with microphone and phone app, and paraolic acoustic reflector installation (x2)

				Instrumentness		way in which a musical instrument is controlled and conceptiualized as a medium for creative action, as a feedback loop between interface, software and audience creative expression				Spatialization of upper-mid frequencies using different band-pass filtered reverbs in each ear				Primarily an individual experience, but audio AR can become a collective experience by expanding the acoustic environment, increasing immersion, and realizing a safer environment that puts users at ease.

				Collectiveness		Sense of belonging and generating sounds with a group

		Yang, J., Mattern, M. (2019, September). Audio Augmented Reality for Human-Object Interactions		3D Sounds		sounds that are spatialized virtually but are perceived as originating from real locations in the space		Various (sound localization in particular, but references to musuem experiences, redirect user attention, provide notifications, create new music experiences, etc.)		Heaset system that plays synthesized audio of certain objects in the user's field.		Over ear headphones, environment cameras, head mounted cameras, magnetic/radio frequency modules, or headphone integrated motion sensors

		Moustakas, N., Rovithis, E., Vogklis, K., Floros, A. (2020, October). Adaptive Audio Mixing for Enhancing Immersion in Augmented Reality Audio Games		Augmented Reality (AR)		“a field comprising technologies that allow for the enhancement of the real world with virtual audiovisual information, thus shaping highly immersive ways of interaction between users and their surroundings.”		Mobile game purposes, both in oustide and indoor environments		Computer and headset system where audio would play from a certain direction that the user would have to identify.		The use of a handheld mobile system, a computer system, and a Philips SHN2500 headsets.

				Audio Games (AG)		“Are electronic games that utilize sound, and more specifically data sonification techniques, in order to represent all aspects of their content, including space, mechanics, plot, narration, setup, and feedback.”





v2.0

						Audio																																																														Augmented Reality

		Soundscape - the acoustic environment as perceived or experienced and/or understood by a person or people, in context		Keynote sounds - Mostly background sounds such as wind, water, birds, insects		Sound signals - Foreground sounds such as whistles, bells, horns; sounds unique to a soundscape area		Soundwalk - Subjective measure of immersion		Enchantment - Adding meaningful sound to an object that would not otherwise make meaningful sound.		Blending - Combining digital sounds with the natural sounds of the environment to produce sound reinforcements		Overlaying - Using audio to provide a user with additional information that is relevant to their current activity.																																																				combine real world richness with richness of compuational information without isolating poeple from each other		combines virtual and real content		virtual content interacts with the physical in real time		real-time combination of real and virtual worlds

																																Audio to Augment Your Reality (AAYR)

						Definitions																																Use cases																																		Form Factors																		Users



		Action of superimposing virtual sound sources upon real world objects (in real time that does not obscure "the real world")		Auditory feedback played through speakers to provide corrective cues.		Ability to correctly localize virtual sound source while using a mobile system.		Mobile audio augmented system capable of tracking head position and orientation to place sound sources around the user's head to provide virtual audio overlayed over the physical space		Immersion in a sounscape to measure extent of exploration, or walking speed and head movements (stopping instances, scanning)		A mature subfield of mobile AR		An interception and manipulation of auditory information to alter users' perceptions		Use of audio to supplent the real primary environment by altering/enhancing the perception of an item/situation		Sonification of real-world environment (e.g. driving, walking) rather then sonification of pre-obtained data.		Audio can be implemented in web based environments in a spatial way, to make an auditory experience more immersive.		A new type of adaptive music format that does not take your focus away for reality but plays with together with it.		Auto translation of verbal information or communication around the user.				Indoor space exploration - museum, art gallery		Indoor gamified motor rehabilatation exercises with auditory cues to provide correct movement.		Outdoor exploration of a physical space guided through earcons presented in spatial audio		Tourist guidance system		Soundscape recreation of an alternate physical space		Sound attached to virtual objects in AR		Karoake - modifying natural sound by combining with virtual sounds to reinforce the natural sounds.		Phone call; connecting remote destination through sounds. Generally just communication among individuals (which could be extend to real time language translation)		In ear translation of viewed text or speech		Adding non-speech sounds to inanimate objects like a book, map, sports equipment		Public transportation (information about route/day)		Darkroom photography (though fairly obsolete now)		Military uses - especially with respect to training		Vehicle repair companies and garages (helping individuals in finding certain unvisible objects)		Operation room with medical uses and surgical devices		Wayfinding or GPS navigation/guidance system (not just for cars, could be useful in flight systems or for bicyclists and pedestrians)		Formal and informal learning environments (could be in a school or even at an art gallery/museum)		Data analysis		Remote music festival or soundwalk artworks				Earphones for sound output, hand held eyes-free device to cycle through sounds. Motion tracking through IR blaster; indoor use only.		Speakers for sound output. Static motion tracked with Kinect		Smarphone, earphones		Headphones, head tracker, GPS, smartphone		Bone/air conduction headphones		Medical/surgical devices		Environments with the soudscape manipulated or overlayed		Bracelet, hat, glasses, necklace or other haptic gadgets 				Visually impared people		Individuals with multitasking responsibilities/tasks		People resbonsible for life/death critical situations 		Seniors		Ushers/theater technicians		Musicians/Artists		Athletes who need to focus on their visison but would benefit from an audio layer		Musuem tourists		Emergency responders, search and rescue









v2.1

		Audio				Audio Augmented Reality (AAR)				Definitions				Use cases				Form Factors				Users

		Soundscape - the acoustic environment as perceived or experienced and/or understood by a person or people, in context								Action of superimposing virtual sound sources upon real world objects in real time				Indoor/outdoor exploration - museum, art gallery (tourist guidance system)				Earphones; hand held device to cycle through sounds; motion tracking through IR blaster.				Visually impared or those with other disabilities

		Keynote sounds - Mostly background sounds such as wind, water, birds, insects								Auditory feedback played through speakers to provide corrective cues.				Soundscape recreation of an alternate physical space				Speakers for sound output. Static motion tracked with Kinect				Individuals with multitasking responsibilities/tasks

		Sound signals - Foreground sounds such as whistles, bells, horns; sounds unique to a soundscape area								Mobile audio augmented system that tracks head position/orientation to place sound sources around the user to provide virtual audio overlayed over the physical space				Remote music festival or soundwalk artworks				Headphones, head tracker, GPS, smartphone				People resbonsible for life/death critical situations 

		Soundwalk - Subjective measure of immersion								Immersion in a sounscape to measure extent of exploration, or walking speed and head movements (stopping instances, scanning)				Feedback/Warning signals				Bone/air conduction headphones				Senior citizens

		Enchantment - Adding meaningful sound to an object that would not otherwise make meaningful sound.								An interception and manipulation of auditory information to alter users' perceptions				Public transportation (information about route/day)				Medical/surgical devices				Workers in dimly lit environments (ushers, photographers, firefighters)

		Blending - Combining digital sounds with the natural sounds of the environment to produce sound reinforcements								Use of audio to supplent the real primary environment by altering/enhancing the perception of an item/situation				Wayfinding/GPS navigation (not just for cars, but also flight systems or bicyclists and pedestrians)				Environments with the soudscape manipulated or overlayed				Musicians/Artists

		Overlaying - Using audio to provide a user with additional information that is relevant to their current activity.								Sonification of real-world environment (e.g. driving, walking) rather then sonification of pre-obtained data.				Adding non-speech sounds to inanimate objects like a book, map, sports equipment				Bracelet, hat, glasses, necklace or other haptic gadgets 				Athletes who need to focus on their vison but would benefit from an audio layer

										Digitally generated audio on top of reality				Formal and informal learning environments (could be in a school or even at an art gallery/museum)				Shareable device to pass back and forth to share the AR sound				Musuem tourists

		Augmented Reality								Part of a multisensory augmented reality system				Military uses - especially with respect to training								Emergency responders, search and rescue

		Combine real world richness with richness of compuational information without isolating poeple from each other								Spatial audio that does not require a massive and expensive system				Operation room with medical uses and surgical devices

		Combines virtual and real content								Display more detailed information of the environment using audio in a shared auditory environment				Indoor gamified motor rehabilatation exercises with auditory cues to provide correct movement.

		Virtual content interacts with the physical in real time								Interception and manipulation of auditory information to alter user's perceptions				Vehicle repair companies and garages (helping individuals in finding certain unvisible objects)

		Real-time combination of real and virtual worlds												In ear translation of viewed text or speech

														Karaoke - modifying natural sound by combining with virtual sounds to reinforce the natural sounds.













































v2.2 Ext.

		Audio				Audio Augmented Reality (AAR)				Definitions		Use cases		Form Factors		Users

		Soundscape - the acoustic environment as perceived or experienced and/or understood by a person or people, in context								Action of superimposing virtual sound sources upon real world objects in real time		-In ear translation of viewed text or speech
-Military uses - especially with respect to training
-Wayfinding/GPS navigation (not just for cars, but also flight systems or bicyclists and pedestrians)
-Feedback/Warning signals		-Earphones; hand held device to cycle through sounds; motion tracking through IR blaster.
-Speakers for sound output. Static motion tracked with Kinect
-Headphones, head tracker, GPS, smartphone
-Bone/air conduction headphones
-Bracelet, hat, glasses, necklace or other haptic gadgets 		-Visually impared or those with other disabilities
-Individuals with multitasking responsibilities/tasks
-People resbonsible for life/death critical situations 

		Keynote sounds - Mostly background sounds such as wind, water, birds, insects								Auditory feedback played through speakers to provide corrective cues.		-Feedback/Warning signals
-Wayfinding/GPS navigation (not just for cars, but also flight systems or bicyclists and pedestrians)		-Earphones; hand held device to cycle through sounds; motion tracking through IR blaster.
-Bone/air conduction headphones
-Bracelet, hat, glasses, necklace or other haptic gadgets 		-People resbonsible for life/death critical situations 
-Workers in dimly lit environments (ushers, photographers, firefighters)
-Emergency responders, search and rescue

		Sound signals - Foreground sounds such as whistles, bells, horns; sounds unique to a soundscape area								Mobile audio augmented system that tracks head position/orientation to place sound sources around the user to provide virtual audio overlayed over the physical space		-Indoor/outdoor exploration - museum, art gallery (tourist guidance system)
-Soundscape recreation of an alternate physical space
-Remote music festival or soundwalk artworks
-Military uses - especially with respect to training		-Earphones; hand held device to cycle through sounds; motion tracking through IR blaster.
-Speakers for sound output. Static motion tracked with Kinect
-Headphones, head tracker, GPS, smartphone
-Bone/air conduction headphones
-Environments with the soudscape manipulated or overlayed
-Bracelet, hat, glasses, necklace or other haptic gadgets 
 		-Visually impared or those with other disabilities
-Senior citizens
-Workers in dimly lit environments (ushers, photographers, firefighters)
-Musicians/Artists
-Musuem tourists
 

		Soundwalk - Subjective measure of immersion								Immersion in a sounscape to measure extent of exploration, or walking speed and head movements (stopping instances, scanning)		-Soundscape recreation of an alternate physical space
-Wayfinding/GPS navigation (not just for cars, but also flight systems or bicyclists and pedestrians)
-Indoor gamified motor rehabilatation exercises with auditory cues to provide correct movement.		-Earphones; hand held device to cycle through sounds; motion tracking through IR blaster.
-Speakers for sound output. Static motion tracked with Kinect
-Headphones, head tracker, GPS, smartphone		-Athletes who need to focus on their vison but would benefit from an audio layer
-Emergency responders, search and rescue

		Enchantment - Adding meaningful sound to an object that would not otherwise make meaningful sound.								An interception and manipulation of auditory information to alter users' perceptions		-Soundscape recreation of an alternate physical space
-Remote music festival or soundwalk artworks
-Adding non-speech sounds to inanimate objects like a book, map, sports equipment		-Earphones; hand held device to cycle through sounds; motion tracking through IR blaster.
-Bone/air conduction headphones
-Environments with the soudscape manipulated or overlayed
-Bracelet, hat, glasses, necklace or other haptic gadgets 
-Shareable device to pass back and forth to share the AR sound 		-Musicians/Artists
-Musuem tourists

		Blending - Combining digital sounds with the natural sounds of the environment to produce sound reinforcements								Use of audio to supplent the real primary environment by altering/enhancing the perception of an item/situation		-Indoor/outdoor exploration - museum, art gallery (tourist guidance system)
-Soundscape recreation of an alternate physical space
-Remote music festival or soundwalk artworks
-Military uses - especially with respect to training
-Wayfinding/GPS navigation (not just for cars, but also flight systems or bicyclists and pedestrians)
-Adding non-speech sounds to inanimate objects like a book, map, sports equipment
-Formal and informal learning environments (could be in a school or even at an art gallery/museum)
-Operation room with medical uses and surgical devices
-Vehicle repair companies and garages (helping individuals in finding certain unvisible objects)		-Earphones; hand held device to cycle through sounds; motion tracking through IR blaster.
-Speakers for sound output. Static motion tracked with Kinect
-Headphones, head tracker, GPS, smartphone
-Bone/air conduction headphones
-Medical/surgical devices
-Environments with the soudscape manipulated or overlayed
-Bracelet, hat, glasses, necklace or other haptic gadgets 		-Visually impared or those with other disabilities
-Individuals with multitasking responsibilities/tasks
-Senior citizens
-Workers in dimly lit environments (ushers, photographers, firefighters)
-Emergency responders, search and rescue 

		Overlaying - Using audio to provide a user with additional information that is relevant to their current activity.								Sonification of real-world environment (e.g. driving, walking) rather then sonification of pre-obtained data.		-Remote music festival or soundwalk artworks
-Feedback/Warning signals
-Wayfinding/GPS navigation (not just for cars, but also flight systems or bicyclists and pedestrians)
-Operation room with medical uses and surgical devices
-Karaoke - modifying natural sound by combining with virtual sounds to reinforce the natural sounds.		-Shareable device to pass back and forth to share the AR sound
-Bracelet, hat, glasses, necklace or other haptic gadgets 
-Bone/air conduction headphones
-Headphones, head tracker, GPS, smartphone
-Speakers for sound output. Static motion tracked with Kinect
-Earphones; hand held device to cycle through sounds; motion tracking through IR blaster.		-Musicians/Artists
-Musuem tourists
-Visually impared or those with other disabilities
-Workers in dimly lit environments (ushers, photographers, firefighters)

										Sonification of real-world environment (e.g. driving, walking) rather then sonification of pre-obtained data.		-Indoor/outdoor exploration - museum, art gallery (tourist guidance system)
-Feedback/Warning signals
-Public transportation (information about route/day)
-Wayfinding/GPS navigation (not just for cars, but also flight systems or bicyclists and pedestrians)
-Adding non-speech sounds to inanimate objects like a book, map, sports equipment
-Formal and informal learning environments (could be in a school or even at an art gallery/museum)
-Military uses - especially with respect to training
-Operation room with medical uses and surgical devices
-Indoor gamified motor rehabilatation exercises with auditory cues to provide correct movement.
-Vehicle repair companies and garages (helping individuals in finding certain unvisible objects)
-In ear translation of viewed text or speech
-Karaoke - modifying natural sound by combining with virtual sounds to reinforce the natural sounds.		-Earphones; hand held device to cycle through sounds; motion tracking through IR blaster.
-Speakers for sound output. Static motion tracked with Kinect-Headphones, head tracker, GPS, smartphone
-Bone/air conduction headphones
-Medical/surgical devices
-Environments with the soudscape manipulated or overlayed
-Bracelet, hat, glasses, necklace or other haptic gadgets 
-Shareable device to pass back and forth to share the AR sound		-Visually impared or those with other disabilities
-Individuals with multitasking responsibilities/tasks
-People resbonsible for life/death critical situations
-Senior citizens
-Workers in dimly lit environments (ushers, photographers, firefighters)
-Musicians/Artists
-Athletes who need to focus on their vison but would benefit from an audio layer
-Musuem tourists
-Emergency responders, search and rescue 

		Augmented Reality								Part of a multisensory augmented reality system		-Indoor/outdoor exploration - museum, art gallery (tourist guidance system)
-Soundscape recreation of an alternate physical space
-Remote music festival or soundwalk artworks
-Karaoke - modifying natural sound by combining with virtual sounds to reinforce the natural sounds.		-Earphones; hand held device to cycle through sounds; motion tracking through IR blaster.
-Speakers for sound output. Static motion tracked with Kinect
-Bone/air conduction headphones
-Environments with the soudscape manipulated or overlayed
-Bracelet, hat, glasses, necklace or other haptic gadgets 
-Shareable device to pass back and forth to share the AR sound		-Musicians/Artists
-Musuem tourists

		Combine real world richness with richness of compuational information without isolating poeple from each other								Spatial audio that does not require a massive and expensive system		-Feedback/Warning signals
-Public transportation (information about route/day)
-Wayfinding/GPS navigation (not just for cars, but also flight systems or bicyclists and pedestrians)
-Adding non-speech sounds to inanimate objects like a book, map, sports equipment
-Vehicle repair companies and garages (helping individuals in finding certain unvisible objects)
-Karaoke - modifying natural sound by combining with virtual sounds to reinforce the natural sounds.		-Earphones; hand held device to cycle through sounds; motion tracking through IR blaster.
-Speakers for sound output. Static motion tracked with Kinect
-Headphones, head tracker, GPS, smartphone
-Bone/air conduction headphones
-Bracelet, hat, glasses, necklace or other haptic gadgets 
-Shareable device to pass back and forth to share the AR sound		-Individuals with multitasking responsibilities/tasks
-Musicians/Artists
-Athletes who need to focus on their vison but would benefit from an audio layer

		Combines virtual and real content								Display more detailed information of the environment using audio in a shared auditory environment		-Feedback/Warning signals
-Public transportation (information about route/day)
-Wayfinding/GPS navigation (not just for cars, but also flight systems or bicyclists and pedestrians).
-Adding non-speech sounds to inanimate objects like a book, map, sports equipment
-Formal and informal learning environments (could be in a school or even at an art gallery/museum)
-Operation room with medical uses and surgical devices
-Vehicle repair companies and garages (helping individuals in finding certain unvisible objects)
-In ear translation of viewed text or speech		-Earphones; hand held device to cycle through sounds; motion tracking through IR blaster.
-Speakers for sound output. Static motion tracked with Kinect
-Headphones, head tracker, GPS, smartphone
-Bone/air conduction headphones
-Medical/surgical devices
-Bracelet, hat, glasses, necklace or other haptic gadgets 		-Visually impared or those with other disabilities
-Individuals with multitasking responsibilities/tasks
-People resbonsible for life/death critical situations 
-Senior citizens
-Workers in dimly lit environments (ushers, photographers, firefighters)
-Emergency responders, search and rescue

		Virtual content interacts with the physical in real time								Interception and manipulation of auditory information to alter user's perceptions		-Indoor/outdoor exploration - museum, art gallery (tourist guidance system)
-Soundscape recreation of an alternate physical space
-Remote music festival or soundwalk artworks
-Indoor gamified motor rehabilatation exercises with auditory cues to provide correct movement.
-Karaoke - modifying natural sound by combining with virtual sounds to reinforce the natural sounds.		-Earphones; hand held device to cycle through sounds; motion tracking through IR blaster.
-Speakers for sound output. Static motion tracked with Kinect
-Bone/air conduction headphones
-Environments with the soudscape manipulated or overlayed
-Bracelet, hat, glasses, necklace or other haptic gadgets 
-Shareable device to pass back and forth to share the AR sound		-Visually impared or those with other disabilities
-Senior citizens
-Workers in dimly lit environments (ushers, photographers, firefighters)
-Musicians/Artists
-Athletes who need to focus on their vison but would benefit from an audio layer
-Musuem tourists
-Emergency responders, search and rescue

		Real-time combination of real and virtual worlds



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































v2.2 Sim.

		Audio				Audio Augmented Reality (AAR)

		Soundscape - the acoustic environment as perceived or experienced and/or understood by a person or people, in context

		Keynote sounds - Mostly background sounds such as wind, water, birds, insects

		Sound signals - Foreground sounds such as whistles, bells, horns; sounds unique to a soundscape area

		Soundwalk - Subjective measure of immersion								Definitions		Use Cases		Users		Context		Form Factors

		Enchantment - Adding meaningful sound to an object that would not otherwise make meaningful sound.								Action of superimposing virtual sound sources upon real world objects in real time		Training scenarios		Military personnel, police academies, surgeons or medical professionals, firefighters, driving or flying school students, athletes		Training purposes where the user is required to perform focused tasks with possible distractions of varying intensity, or where the costs of making errors can be fatal. Simulation of potentially dangerous scenarios where increased immersion through audio leads to higher ecological validity.		Earphones (AC or BC), speakers, spatialized audio, wearables, shareable devices, minimal hardware, uninterrupted power supply

		Blending - Combining digital sounds with the natural sounds of the environment to produce sound reinforcements								An interception and manipulation of auditory information to alter users' perceptions		Wayfinding/GPS navigation - indoor or outdoor		Tourists in a foreign country/location, visitors at an unfamiliar building, hospital staff members, mall visitors, visually impaired individuals, auditoryily impared individuals, HUD displays for drivers		Any form of navigation task irrespective of scale where users benefit from receiving real time virtual auditory cues so that their cognitive workload is reduced to allow for a more pleasant experience with their immediate physical environment as they navigate from point A to B.		Earphones (AC or BC), spatialized audio, hand held device, head tracker, seamless interaction, long battery life, easy activation/deactivation

		Overlaying - Using audio to provide a user with additional information that is relevant to their current activity.								Mobile audio augmented system that tracks head position/orientation to place sound sources around the user to provide virtual audio overlayed over the physical space		Feedback/Warning signals		Novice/proficient factory workers, nuclear power plant workers, vigilant task workers, multitaskers, EMS workers, workers in poorly lit environments		Instances where dual/multi task performance benefits from audio-visual cues versus visual-visual cues. It can represent high stress scenarios or where redundancy is important to avoid user error.		Earphones (BC), speakers, head tracker, gaze tracker, minimal harware, seamless interaction, uninterrupted power supply

										Use of audio to supplent the real primary environment by altering/enhancing the perception of an item/situation		Soundscape recreation of an alternate physical space		Simulation attendees, safari/outdoor explorers, office workers, writers, aritsts, museum/movie goers, young adults		Recreational activities such as museum tours, aquariums, safaris, movies, music festivals, karoake. Situations where a heightened sense of immersion thrugh audio leads to a greater user experience, or provides users with a sense of being present in a different space or time while still interacting with their immediate physical environment. Could be outdoors or indoors.		Earphones (AC or BC), speakers, spatialized audio, head tracker, GPS tracker, seamless interaction, long battery life

		Augmented Reality								Sonification of real-world environment (e.g. driving, walking) rather then sonification of pre-obtained data.		VR sound application		Young adults, individuals seeking high immersion, simulation attendees		Enhancing VR based immersive experiences using virtual audio to create an endless number of simulations potentially allowing for true MR (mixed reality)		Earphones (AC or BC), speakers, spatialized audio, head worn device, seamless interaction, minimal hadrware, uninterrupted power supply

		Combine real world richness with richness of compuational information without isolating poeple from each other								Audio working in conjunction with visual AR to asist in some primary task		Animating physical items with virtual sounds		Older adults, exploration enthusiasts		Embedding virtual sound sources to static objects in the physical environments to allow for easy object finding. For example, using auditory icons or earcons to allow for easy navigation or object finding.		Earphones (AC or BC), hand held device, seamless interaction, easy activation/deactivation

		Combines virtual and real content								Digitally generated audio on top of reality to add to it, but not take away from it		Noise Masking, visual object detection and description		Construction workers, military personnel, writers, artists, musicians		Users that would benefit from removing layers of sound (instead of adding) from the physical environment to create a safer or more productive working environment.		Earphones (AC), GPS tracker, shareable devices, long battery life, easy activation/deactivation

		Virtual content interacts with the physical in real time

		Real-time combination of real and virtual worlds

		Perceiving and interacting with more than what is present in reality

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































v3.0

		Audio Augmented Reality (AAR)

		Augmented Reality		Definitions		Use Cases		Users		Context		Form Factors

		Virtual content interacts with the physical in real time		Action of superimposing virtual sound sources upon real world objects in real time		Training scenarios		Military personnel, police academies, surgeons or medical professionals, firefighters, driving or flying school students, athletes		Training purposes where the user is required to perform focused tasks with possible distractions of varying intensity, or where the costs of making errors can be fatal. Simulation of potentially dangerous scenarios where increased immersion through audio leads to higher ecological validity.		Earphones (AC or BC), speakers, spatialized audio, wearables, shareable devices, minimal hardware, uninterrupted power supply

		Perceiving and interacting with more than what is present in reality		An interception and manipulation of auditory information to alter users' perceptions		Wayfinding/GPS navigation - indoor or outdoor		Tourists in a foreign country/location, visitors at an unfamiliar building, hospital staff members, mall visitors, visually impaired individuals, auditoryily impared individuals, HUD displays for drivers		Any form of navigation task irrespective of scale where users benefit from receiving real time virtual auditory cues so that their cognitive workload is reduced to allow for a more pleasant experience with their immediate physical environment as they navigate from point A to B.		Earphones (AC or BC), spatialized audio, hand held device, head tracker, seamless interaction, long battery life, easy activation/deactivation

				Mobile audio augmented system that tracks head position/orientation to place sound sources around the user to provide virtual audio overlayed over the physical space		Feedback/Warning signals		Novice/proficient factory workers, nuclear power plant workers, vigilant task workers, multitaskers, EMS workers, workers in poorly lit environments		Instances where dual/multi task performance benefits from audio-visual cues versus visual-visual cues. It can represent high stress scenarios or where redundancy is important to avoid user error.		Earphones (BC), speakers, head tracker, gaze tracker, minimal harware, seamless interaction, uninterrupted power supply

		Combine real world richness with richness of compuational information without isolating poeple from each other		Use of audio to supplent the real primary environment by altering/enhancing the perception of an item/situation		Soundscape recreation of an alternate physical space		Simulation attendees, safari/outdoor explorers, office workers, writers, aritsts, museum/movie goers, young adults		Recreational activities such as museum tours, aquariums, safaris, movies, music festivals, karoake. Situations where a heightened sense of immersion thrugh audio leads to a greater user experience, or provides users with a sense of being present in a different space or time while still interacting with their immediate physical environment. Could be outdoors or indoors.		Earphones (AC or BC), speakers, spatialized audio, head tracker, GPS tracker, seamless interaction, long battery life

		Real-time combination of real and virtual worlds		Sonification of real-world environment (e.g. driving, walking) rather then sonification of pre-obtained data.		VR sound application		Young adults, individuals seeking high immersion, simulation attendees		Enhancing VR based immersive experiences using virtual audio to create an endless number of simulations potentially allowing for true MR (mixed reality)		Earphones (AC or BC), speakers, spatialized audio, head worn device, seamless interaction, minimal hadrware, uninterrupted power supply

		Combines virtual and real content		Audio working in conjunction with visual AR to asist in some primary task		Animating physical items with virtual sounds		Older adults, exploration enthusiasts		Embedding virtual sound sources to static objects in the physical environments to allow for easy object finding. For example, using auditory icons or earcons to allow for easy navigation or object finding.		Earphones (AC or BC), hand held device, seamless interaction, easy activation/deactivation

				Digitally generated audio on top of reality to add to it, but not take away from it		Noise Masking, visual object detection/description		Construction workers, military personnel, writers, artists, musicians		Users that would benefit from removing layers of sound (instead of adding) from the physical environment to create a safer or more productive working environment.		Earphones (AC), GPS tracker, shareable devices, long battery life, easy activation/deactivation

		Definitions Within Audio

		Soundscape		Keynote Sounds		Sound signals		Soundwalk		Enchantment		Blending		Overlaying

		the acoustic environment as perceived or experienced and/or understood by a person or people, in context		Mostly background sounds such as wind, water, birds, insects		Foreground sounds such as whistles, bells, horns; sounds unique to a soundscape area		Subjective measure of immersion		Adding meaningful sound to an object that would not otherwise make meaningful sound.		Combining digital sounds with the natural sounds of the environment to produce sound reinforcements		Using audio to provide a user with additional information that is relevant to their current activity.



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































v3.0s

		Audio Augmented Reality (AAR) - Simple

		Dimensions		Definitions		Use Cases		Users		Context		Form Factors

		Customization		Digitally generated audio on top of reality to add to it, not take from it		Noise Masking, visual object detection, animating physical items with virtual sounds, VR sound applications		Construction workers, military personnel, writers, artists, musicians, older adults, young adults, exploration enthusaists		Users that would benefit from removing layers of sound from the physical environment, like to create a safer or more productive working environment. Could also be used for enhancing VR based immersive experiences with virtual audio. Or could be used for object finding, which would involve virtual sound sources to statif objects or locations.		Earphones (AC), GPS tracker, shareable devices, long battery life, easy activation/deactivation, hand held device, spatialized audio, speakers, minimal hardware, seamless interaction, uninterupted power supply

		Immersion		Use of audio to supplent the real primary environment by enhancing the perception of a situation		Soundscape recreation of an alternate physical space, training scenarios		Simulation attendees, outdoor explorers, office workers, writers, aritsts, museum/movie goers, young adults, military/police personnel, medical professionals, firefighters		Recreational situations where heightened audio immersion leads to greater user experience and provides a sense of presence in a different space or time, but still allowing for interaction with the physical environment. It could also be used in training purposes where the user performs focused tasks with distractions of varying intensity, or where errors can be fatal.		Earphones, speakers, spatialized audio, head tracker, GPS tracker, seamless interaction, long battery life, minimal hardware, wearables

		User Context		A manipulation of auditory information to alter users' perceptions		Wayfinding/GPS navigation, feedback/warning signals		Tourists/visitors, hospital staff members, visually/auditorily impaired individuals, drivers, factory/power plant/EMS workers, vigilant task workers, multitaskers, workers in poorly lit environments		Navigation tasks where real time virtual auditory cues could be helpful so that their cognitive workload is reduced. When multi task performance benefits from audio-visual cues versus visual-visual cues. High stress scenarios or where redundancy is important to avoid user error.		Earphones, spatialized audio, hand held device, head tracker, seamless interaction, easy activation/deactivation, minimal hardwear, speakers





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































EI1

		Name: Dr. Iain McGregor (Audio expert) - Lecturer in Sound Design at Edinburgh University, since 1988

		Question

		What is your understanding of AR?		AR is, if we think of MR being in between, then AR is augmenting the real world and that we are overlaying onto the physical world. Weve been doing it for arguably 1000s, or 10000s of years. If someones read a story to you, then you've experienced AR. So too through music, the radio, podcasts. It is continued through your phone, where you visualize through that.		Overlay

		Do you think listening to music, through loudspeakers or earphones, can be considered an example of augmented reality (audio in AR)?		Yes.		Confidently Yes

		According to you, what are the requirements for sound to be considered an application of audio augmenting your reality (AAYR)?

		Which use cases or scenarios, do you think, will benefit users the most as an application of AAYR?		Every scenario I am working on (hospital, entertainment, interaction, ...) applies. There isn't a scenario that does not benefit from Audio AR, even those that are deaf.
For the deaf - there is no such thing as completely deaf. It's more a case of where the frequencies/perception become more inefficient such that they can't experience it. They can still feel the physical vibrations, and you can use loudspearkers has haptic devices. I am working on a system for those who are deaf to edit podcasts? so we need to change the pitch into a haptic range so that they can feel the haptic range.
There isn't a scenario it does not apply to.		Haptic feedback can be consdiered AAR. Lower than 20 Hz can be felt, but not heard. Dependent on user task.

		Can you discuss which users in particular might benefit the most in their respective scenarios from AAYR?				Could be everyone, even deaf persons.

		In terms of auditory displays, which is the most important aspect, with respect to human hearing, for providing information? (ego vs exo-centric display, spatialized vs non-spatialized sound, speech vs non-speech sounds, amplitude, pitch, etc)		It doesn't matter. Its all about finding out what people are comfortable with using and matching it to them - there is no one size meets all. Irrspective of where you are, you would have the same sound? "Hiding to nothing". It's a completely pointless exercise. If we can't agree on anything (like how to turn on a light/open a door), how can we make a universal auditory experience. The auditory augmentation sometimes needs to come from a loudpeaker, or from something else.
//Sony headphones that look like doughnuts// -- air conduction. They are just open and the sound passes through naturally. 
Anbie? ear cuffs. -- expecting cartilage conduction to be the next big thing, until these came out.
cartilage is more efficient than bone, it excites the air, and augments the audio coming in from the air. There is no crossover?		Demographic dependent. Personal choices.

		What form factors (hardware, such as earphones) do you imagine being used in application of AAR? 		Everything. It shouldn't just be confined to the headphones earbuds. It really is a case of what is natural for the person to use. Like with glasses, how many people use the same glasses, it's not going to happen that way. Some like a portable speaker, some want augmentation to come from a speaker that surrounds them, some want headphones. There is no optimum method, there are suspension drivers. You don't want to wear the same headphones all day.
Inconpspicuous - Apple are going for using air pods pros as hearing aids. So that you can hear what someone else will say. It will just be like headphones in general. If you are using AR to speak a second language or cheat in class, you would want it to be as inconspicuous as possible. If you are playing a game/going for a walk, you may go for something branded. It won't matter. If you are woking for the police/fire brigade, then it has to be discrete, beacuse you will be having head gear, and you can't have others hear what you are doing/listening to.		Demographic and context dependent. Goal relevant.		Consider making continuum to place expert opinions on.

		Based on this discussion, how would you define AAYR?		It's a way of providing additional information on some action through sound.		interactive sonification related. action means user task?

		As an emerging field, what future directions do you envision for AAR? For example, vision based AR systems  have matured for application in aircrafts and vehicles as Heads Up Displays (HUDs).		It exists already, your turn signal has AR. If anything the visuals haven't caught up yet.		is sound feedback or instruction? can define is some sound is AR or no. but according to him, all sounds are AR. The turn signal here is for the driver; other drivers don't hear the sound, only see the visual stimulus (orange turn signal). so it is reminder/feedback.

		We will now show you a taxonomy that was developed after a literature review. Please share your thoughts, comments, and suggestions on ways to improve it.		It;s helpful to have a one-two word thing on the first column, so that where it says AR, take that down to a couple words. That will make everything else fall into place. Extending reality can be used for some.
In one of our projects we are looking at getting rid of the speakers in hospitals, so in that case we want all the sounds to appear to come from real world objects, but only be heard by staff. This would be better for patients, who then won't have to hear audio unnecessary for them. It's not just training scenarios, but day to day uses.
Firefighters and health care/surgeions - also for phyisical therapy. We match up the audio with the left and right hand sides.
For drivin - tell the driver about their driving (you're driving too dangerously, be more careful). applications with messages/texts
Use case- Why not use the term hearables. The general term for smart earphones. The literature is outdated, they have not been keeping up. Neck speakers - don't sound good, but can with DSP. Same with bone conduction. If you don't mind it being quiter, you can make any speker sound better. 
Series on cave paintings - In terms of sound. A lot of caves have ideophones, natural objects that make sound when you strike them. Their acoustics are pefect for making the sound of animals painted on the walls. Cavepaintings are early theater and early animation, especially with fires which can animate the paintings. Teach people to hunt or for entertainment. AAYR goes back really far. 
Soundscape from Microsoft - spatialized/directional sounds.
Tourists - absolutely, did a project on that years ago. 
Factory workers/EMS - yep.
There's a pair of commercial glasses for people that are blind which can read. You can train it to recognize people's faces. More simple way of doing that, with iPhones.
Videogames - surely, zombie running game, which is audio only. When you are running, you can simulate zombies chasing after you. That's intended for being outside, in the real world space.
Museum tourism - have you ever been around a museum with a curator? They tell you amazing stories about objects, who donates it, when it got lost, how it relates to other pieces. It is far more interesting. Persuade a museum to get a curator to talk about pieces they are pasionate about.
Metaverse - I think people will get as bored of it as with PokemonGo. But it can be used in many ways, Google glass, Apple glass, etc. When it becomes commonly used, the virtual world will catch up. I could be in a call here, but one of us could have an avatar representation of themselves and it would sound like they are coming from where they should be coming from audio-wise. If I want to have it such that my audio is a 19th century castle, I could do that. Text-to-speech is getting so good. If anything it will improve audio quality dramatically. If it happens to be someone you speak to often, then the synthesized voice will be on my device, and that will be their real voice. If you think about it, do you think of you tv or computer as anything different from your home as a device. They are all computers, all are eletrical goods. 
If we look at sonic bubbles for privacy, then the server doesn't have to send the same files to everyone. Everyone wants to be out front. 
Older adults - we are exploring that with people with dementia.
One project I'm doing looks at auditory performances? Something about food.
Sony's headphones - three different channels: background sounds, everything that's not you, and your controler to work out distance from the sensor to make your weapon sounds/etc. Can also delay sounds that arrive from speakr, so that it gives the impression from coming from the controller. All your avatar sounds come from your headphones. And so splitting that apart, so that intellectually, we are trying to make people forget about pixels playing and your plastic. 

Definitions - Even if you were standing next to your idential twin, you would still experience two different soundscapes [soundscape def.].
Keynotes - more so identifiers, not mostly backgrounds, not in the psychological way, they are providing context. If you think of a keynote speaker, you wouldn't consider them background sounds. They are in the background but they are not unimportant. Figure is what you are actively paying attention to, ground is everything else.
Soundwalk - //Found the definition interesting//  (https://www.sfu.ca/sonic-studio-webdav/handbook/Soundwalk.html) Well established. 
Enchantment - I agree with that definition, but what you are doing is extend/enhance the listeners understanding. If you think of those keys, if you hear someone pick up those keys at 4 AM, then you have that meaningful sound. All sound has meaning to somebody, otherwise we wouldn't call it sound, we'd call it noise
Blending - It's not just natural sounds, you can think of the preexisting sounds. Change natural to preexisting in the definition. (Electric guitar as a form of blending) - Depends on how you are using it; just a musical instrument or using it to wake up your brother. All instruments have some form of natural amplification. In that scenario the electic guitar is working as an amplifier. The reinforcement is a bit of a confusing term. In sound you have sound reinforcement, but you also have reinforcement in that youre adding additional information (like with a metaphor). 
Overlaying - How many of the alerts are left on on your phone? Hopefully relevant to the current activity. There is so much being added that is rubbish. 		Providing audio cues to only those who need it, for day to day use. Perceived reality - diminishing reality, noise masking. Healthcare sonification papers - trimlab MS students. cite previous driving related papers. Tim Zimmer audio games. Autism, dyslexic individual benefit from AAR. Blended sonification - thomas harman, ICAD. Working memory analogy - work with 2-4 bits of information at a time; accuracy drops with auditory information - requires training.		Diminishing Reality (https://journals.sagepub.com/doi/pdf/10.1177/1071181321651103) 				Diminishing Reality for AAR

		We will now show you a video demonstration of the  capabilities of  AAR using a prototype device. Please rate your satisfaction of its performance on a scale of 1 to 7, where 1 is highly dissatisfied, and 7 is high satisfied. Next, please provide your thoughts and ways to improve the application.

		Pedestrian safety notes

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































EI2

		Name: Dr. Missie Smith (AR expert)		Martha Irene Smith, Studying AR since 2013 (about 9 years now)

		Question

		What is your understanding of AR?		Using some computer or form of digital something to convey information over the world that wouldn't be there without it. Could be as simple as showing the line of scrimage in a football game. Anything thats giving more informtion than without the display.
Could your def lead to shared exp? It could, as with something like visual with TV. I have a very visual skew when it comes to AR technology. Obviously sound can be a shared experience.				Convey novel digital information. Shared experience - yes.

		Do you think listening to music, through loudspeakers or earphones, can be considered an example of augmented reality (audio in AR)?		I dont think theres a split between AR and VR, theres a split from totally real and totally virtual.If I completely block out all of my sound and am listening to music, I would call that a form of VR for audio. For it to be AR, I would need to hear the outside and inside, the birds chirping and the digital world.				If only digital sounds and no real sounds, that is auditory VR.If real sounds audible, yes it is AAR.

		According to you, what are the requirements for sound to be considered an application of audio augmenting your reality (AAYR)?		A synthetic representation of audio sound in some format that is portrayed to the person. Im assuming AR means you are letting some things through, depending on how you see that spectrum. Could just be watching the TV, as thats kind of a form of AR for sound. It is giving you more information and it is digital.				Any digital audio is AAR - but real sounds have to be audible.

		Which use cases or scenarios, do you think, will benefit users the most as an application of AAYR?		When I think about the entire experience of that spectrum from reality to virtuality, and how do we make it more rich? Or better? Ive been thinking about blending across virtualities, so that you can play music, or you can add information on to the real world (ex: ask Alexa to explain a recipe). For AR, the real benefit is that mixing of adding additional information across all of the senses. And theres power to that, because our brain views the world in blocks, so we could trick the brain and help make it think differently. Think haptic cues around the wrist, where when you add a visual graphic of a ball rolling on your wrist, you could feel that. We can make up for inabilities in tech with audio to fill those gaps.				AR can use all senses. Audio can fill gaps due to sensory inconsistencies.

		Can you discuss which users in particular might benefit the most in their respective scenarios from AAYR?		It depends on the applications itself. My theory is that we don't totally understand what it could be, because we don't have it yet. It really does depend and we wont understand it until later, but I'm not sure when is later?
Which users find visual AR helpful? I would give a similar answer, though for example people who are hard of hearing many not benefit from AAYR. Its kind of like looking at disability in phases, because you could have it for a lifetime, a season, or a moment. Thinking of this in AAYR, I may have some limitations like not wearing my contacts in the morning, so AAYR could be great there. Or with a degenerative eye disease, which could be a season or a lifetime. Thats underselling it still, because it makes audio seem like its only good if something else is failing. Theres probably more intstances where audio is important that I am not considering.				Those with hearing loss won't benefit from AAR. Present information when necessary. Temporally scalable use cases.

		In terms of auditory displays, which is the most important aspect, with respect to human hearing, for providing information? (ego vs exo-centric display, spatialized vs non-spatialized sound, speech vs non-speech sounds, amplitude, pitch, etc)		I think that at its most basic, the principles of an audio displays. I think thats the starting point. But, what if that changes for AAYR? Thinking about visual AR, you start with principles like what are the grounding principles in this case. For visual you now have graphics plus the world. So context for AAYR is really important, it depends on the environment. I dont know that anything really changes about it. Going a step further and saying that theres probably another shift with spatialized Audio AR, I don't know what that would be. But there would be shifts in it.				Same principles of audio displays apply to AAR.

		What form factors (hardware, such as earphones) do you imagine being used in application of AAR? 		Theres a lot of interest in wearable technology, you could imagine some kinds of headones, like in ear, bone conduction, etc. All that stuff exists so thats a possibility. But could we also store some audio information in a specific location, like with speakers, instead of it being localized from a person, for exaple. I think that there would have to be something on the person, possibly glasses with bone conduction properties, or even a watch with some audio capabilties. It depends on if it were for one person or for many people.
Right now when we thing of hearing aids vs, visual aids, visual aids can be larger and become more of an accessory, esp when comapred to the inconspicious hearing aid? Will the devices be as small as can be? -- This gets into market trends and what people accept into new technology. Its something similar with airpods for example, which is a small think, but is also a statement in a sense. Theres definetaly a trend for that. Some of that is seen with headphones, but part of that was driven by the use of cords. The form of the device may have some flexibility, so it depends on if it gets in the way of something else, like changing my shirt, for example. It would depend on the convenience. There is a tradeoff between comfort and fuction which is a key driver of that as well. And thet may drive that conversation as well.				When required, the auditory information can become part of the environmental sounds as a shared experience, but otherwise remain accessible to individuals that need it. Consider comfort and function trade offs.

		Based on this discussion, how would you define AAYR?		I dont think that my definition changes necessarily. AAYR could be indivcidually worn so that it is spatialized locally, but I also think that it could be a speaker playing music the next block over. There are differnt forms, and they all have unique value.

		As an emerging field, what future directions do you envision for AAR? For example, vision based AR systems  have matured for application in aircrafts and vehicles as Heads Up Displays (HUDs).

		We will now show you a taxonomy that was developed after a literature review. Please share your thoughts, comments, and suggestions on ways to improve it.		I think that this is just a massive space, so when I am even thinking about the context, its hard to keep that as a piece of a taxonomy for something else, because there so much richness there. Some of this is more theoretical, and some is more specific like recreational activities.
Under form factors, I differ more than others you may have talked to. I still find a stereor to count as a form factor for AAYR, unless you are talking about AAYR for an individual, where you need control over the sound.
Use Cases -- I think that context is a way to get to use cases, and I say this because "training scenarious", well what if its just leanring in general, like what kind of learning moments would we be forming. Youve got some classic moments of when we as a field have thought of AR, like with getting feedback from training, or navigation and wayfinding. These are all very reasonable. I think that soundscape recreation is an important one, so that we can also give a feeling or an emotion, effectively a nonverbal essence. And theres probably research into what kind of music makes you feel different things. VR sound applications, mixing more and more real and virtual integration makes sense, and that is important. I did a study about augmented mirrors, we got feedback about these specific graphics, sometimes a car would drive by and its interesting how the wrong sound can destroy that sense of presence, or what youre feeling is real. You may want to include some about the value in removing sound. AAYR is often seen as additive, but it also dimishes. We should probably consider diminished reality. This is a subset of AR, from my internal definition, so sound cancelling headphones would work like that. In this sense you could cancel out the wavelengths, so that my ears don't regiester it (in comparision to sound masking). What sounds do you let through, because in some cases it is very important. Especially with things like military and construction purposes.

Do you think there should be two versions of the taxonomu, high level vs street view?
This document as it is gives more information about how the goals and defintions of AR from different perspetves. A different kind of framework could help me think about the different perspectives could give a more general view. I always think of things in terms of the human, the task, and the environment. How does that change the needs of the system? I do think there is value in this split, because the street view gives you the detail and the richness, and the birds eye view gives you the connection.		Behavioral changes?
Ethical question there - should we change people's behavior. Its one of those thinsgs where it may be something like causing a physiological change bcause of the waveform, but it could also change someone because of what it evokes
As you move further into these genearlized things, like shoudl you make people feel happier in jail.
Can consider that effects of sound chaneg in the workplace, could it have a negative impact on you? Changes how you focus possibly.		Loudpseaker sound is AAR - yes.Removing certains environment sounds is AAR - yes.Have a high level taxonomy as well as a detail level taxonomy (hierarchical)

		We will now show you a video demonstration of the  capabilities of  AAR using a prototype device. Please rate your satisfaction of its performance on a scale of 1 to 7, where 1 is highly dissatisfied, and 7 is high satisfied. Next, please provide your thoughts and ways to improve the application.





EI3

		Name: Dr. Kangsoo Kim (AR expert); 7-10 years now research focused on ~AR human interactions. How people interact with them, based upon human features

		Questions

		What is your understanding of AR?		Immersion of virtual and physical stuff together. My view has changed as time goes by, like 12 years ago when I first started my research in AR, I read a paper that defined AR, and thought of it as more of a visual interaction type thing. The registration part was important, how the virtual was regestered in the physical space. But with audio and other perceptory parts, I feel like its more than just the visual aspect, like with audio and haptic. I am trying to see this terminology in a more broader sense these days than when before.				visual interaction, registration, and perception of virual information in the physical space. Can be multimodal.

		Do you think listening to music, through loudspeakers or earphones, can be considered an example of augmented reality (audio in AR)?		Its interesting, yeah it really depends on how you define AR, but right now, to me AR is more like an adaptation where people have already gotten more use to it. Its already my reality, I can listen to your voice through my headset. Maybe 100 years ago if we coined that technology, when we first invented that music system on technology, then maybe we should consider it AR at the time. But right now its difficult to say, because it is part of my reality.		Every time I present my research to the audience, I always try to present what the reality is, which is baed on my experiene. AR is enhancing my experience, like with this video call right now. Reality has been changed to me, and my perception of reality has changed, and this AR technology are just the tools to change/enhance our reality.
There is a researcher in U Penn, Computer Graphics Professor Normal Bedlan, paper is from the late 90s or early 00's, he mentioned that our generationmight be the last that distinguishes between the real and virtual world. But, who knows? Howe we define AR may change in the future, it could just become reality, where we dont have a difference in virtual and physical space.		adaptation dependent may perceiving virual sounds as real sounds, then it is no longer AR. Hence, AR definition dependent. Have to define reality to understand what the augmentation is. Listening to music is AR? No

		According to you, what are the requirements for sound to be considered an application of audio augmenting your reality (AAYR)?		Going back to the definition we mentioned in the AR literature, onr of the things is the registration in that physical environment and the interactivity. To me the AR with the physical environment should consider the real aspect. To me if I want to call the AR at the stage of the current tech, it depends on the scenario or context that I have. On top of this context, I am doing a tast, so I can extend my experience related to this context, then I would call it AR related to the modality.				Registration and interaction with physical world. Context dependent. User goal or task dependent. 

		Which use cases or scenarios, do you think, will benefit users the most as an application of AAYR?		Related to the concept I mentioned and the user's experience, each user may have a different expeirence and perception of reality. AR, especailly related to the audio, many researchers have looked into the audio effect for the visually impaired. For their experience, they cannot really see, but through the aural feedback, they can extend their feedback on top of the real data. They can now process more. That is certainly an AR.
Also even with the AR if the user can only see the visual stimuli, that could be one scenario for the training. What we develop is mostly based on a combo of visual and aural senses together. So AR that combines these two data could be considered AR. When I talk to a virtual human in front of me, not only am I seeing them, but I am talking to a virtual agent, and that case is plausible and I can extend my virtual communication through that agent.				Visually impaired individuals, use audio to extend their percepetions. Multimodal AR for training purposes, embodiment of virtual information.

		Can you discuss which users in particular might benefit the most in their respective scenarios from AAYR?		As I said before those particular groups who don't have ability to see or limited to other modalities, sensory modalitites. Also if they cannot really hear well, and if we can somehow emphasize the magnitude of the sounds. These days a lot of entertainment industries have VR show in the metaverse or virtual reality showroom, where they can have like a concert for example. In the AR space, you can have that aural space for AR concerts in a physical space. That kind of audience would benefit from aural AR. In daily life, people can use this audio based AR, if I need to specify the application areas, then I would say entertainment. We can extend the use cases, but I don't think thers a particular group, rather general users.				Those with limited vision or other modalities. Aural AR concerts in a physical space. Entertainment use cases for users in everyday life. Everyone can benefit to an extent depending on context or use case.

		In terms of auditory displays, which is the most important aspect, with respect to human hearing, for providing information? (ego vs exo-centric display, spatialized vs non-spatialized sound, speech vs non-speech sounds, amplitude, pitch, etc)		It really depends on the scenario that you want to use it. There is no silver bullet per se. Sometimes its good to have an ego centric, where only I can hear and you can't. But it really depends on the users needs at the time.				Scenario or context dependent. User need dependent.

		What form factors (hardware, such as earphones) do you imagine being used in application of AAR? 		In general AR displays will have that auditory device together as well. Example is Hololens with its audio system. But I don't really want something clogged in my ear. Something like ~bone conduction~ might be nice in this case. In general the AR device, wearable or whatever type of display, will be related to that kind of form factor. If I have to think of a more futuristic device, now we have hololens/magic leaf/snapchat glasses, but we want to develop lightweight displays. In the end, if we have some implanted display, we could do the same with audio impants in the human body.				Bone conduction, lightweight, auditory implants in the human body

		Based on this discussion, how would you define AAYR?

		As an emerging field, what future directions do you envision for AAR? For example, vision based AR systems  have matured for application in aircrafts and vehicles as Heads Up Displays (HUDs).

		We will now show you a taxonomy that was developed after a literature review. Please share your thoughts, comments, and suggestions on ways to improve it.		It all makes sense.
I think many of these definitions adress physical reality register aspect. The first one is very close to the one by Azuma I think. The second one is quite interesting, its more modified signal I think. I think this is more general. I cannot complain about any of these definitions.
Use Cases - The second from the bottom is a bit confusing to me, its a very general situation. Im not even sure if I can consider it a use case - animating physical things with sounds. Its somewhat similar to some of the others then. Its pretty similar to what we have in the last row as well. Thats what I though and also I was thinking about education type applications which will benefit with the audio AR stimulation. There are papers which have focused on that. Theres also a difference between education and training for instance. One of the projects Im involved in is a literature review on spatial systems. Maybe the auditory information can extend that spatial coginition information to depend on my location and the surrounding buildings/objects. The interception or the manipulation of auditory info could help you understand how the sound works and then you can learn the phyiscal phenomenon somehow. Education then could be one of the use cases.
I think this table misses entertainment, like virtual/AR concerts for example. Also imagine a concert happening in some place on campus where some people don't really want to listen to that music, so they can use their own AR display which does not mess with anyone else's displays. That kind of a use case could be included if you are not limiting your scope to the literature review that you have found. 		Is it more of a singular or shared experience?
These days the head mounted system is more individualized. One of my concerns is that kind of visualization. This is more of an ethical thing, like with Black Mirror, which showed dystopia involving where each person has their own experience that can cause some difficulty in communication. If your reality is completely different from my reality, it would make communication much worse. Technology is too fast for the regulations or the policies. Which cant follow as usual. I think the audio stimuli is the same. I think we're getting more and more focusd on that customized individualized experience, but I would like to somehow communicate with other people. How I can actually understand what you are thinking and what you are trying to do (theory of the mind). It should help for us to communicate in a better way. 
Echo chamber question.
Thats what Im always trying to keep in mind as a developer.scientist. When the public first sees these AR experience, there are mulitiple kinds of experiences. Some really like it and some are concenred about their impact on people. Thats what I always try to keep in mind and not forget. A lot of users use social media these days, like with YouTubes recommended and related videos, which is pretty much the same thing that I liked,and Im more exposed to that same contecn again and again, which limits my opportunity to explore other things. Thats what I want to try to avoid. I dont want that kind of technology. I dont want to forget about that, or have that kind oftech to limit myslef. This could also cause a great knowledge gap between those have the tech and those who cant access it. I don't believe there is good or bad tech, but the way to use the tech had good or bad effects.		Physical reality registration. Animating physical objects with sounds - not AR? Separate Training and Education use cases. Location based audio spatialization - understand how sound would behave in a specific location. Add entertainment use cases - selective concert goers - those not interested can choose an individual different audio display. Individual AAR is good but should not hinder ability to communicate with others in the immediate physical world, if not in a better way. AAR should not create individualized echo chambers - social collaboration must exist. Equity issue between those with access and those without.

		We will now show you a video demonstration of the  capabilities of  AAR using a prototype device. Please rate your satisfaction of its performance on a scale of 1 to 7, where 1 is highly dissatisfied, and 7 is high satisfied. Next, please provide your thoughts and ways to improve the application.





EI4

		Name: Dr. Seongkook Heo (AR expert); Assistant professor at UVA, research in HCI, specifically in new interaction techniques with new interactive technologies like haptic tech. Also builds new tech for new platforms, so building new devices, wepbages, online sources, etc.

		Question

		What is your understanding of AR?		AR is using computers to understand the surroundings; understand the actual/real world environment. Based on its understanding, it is using compuyting to add something to it, like technology. Computers understanding the environment and mixing audio/virtual information with the real world.				Digital data to understand the physical world by adding to it.

		Do you think listening to music, through loudspeakers or earphones, can be considered an example of augmented reality (audio in AR)?		Yes, I think its a very interesting area. A lot of AR systems are things that we visually see, like seeing some real world objects and using your phones, which gives you a measurement for those objects. But it does not just have to be visual, we listen to these surroundings. It depends on how it augments the reality. If you are just listning to some music or guidance, that is not really related to the reality, so it isn't AR. But if it is related to reality, for example Microsoft did a project about mixing audio information/sound with navigation system for visually impaired people (if you need to be at some place, you use spatial audio to help for navigation), it is difficult to say if it is really augmenting reality. There is another paper about wearing a helmet for bikers. The helmet has a camera which will see the camera and what you are approaching and will play some music/sound that is directly related to the distance, speed, object that is near the biker. Sonification can help you understand the surroundings. So we have computer interpreted sound.		Mentioned about how sound should be related to reality/persons task:

Assume that you are in VR, then what you are seeing is all virtual, there is nothing physical. If you are seeing both the physical and virtual world, that is AR. So it is kind of a mix of the two. I think the same goes for AAR, if you are wearing headphones, you are blocking other sound, then you can only hear what the system is playing. You can also map the sound to some place, where some movements can be directly mapped to that. If you can still listen to the environment and what people are saying and if the computer is also generating some audio that is related to the physical environment, then that would be AAR.		How music augments reality. If audio not related to reality - not related to user's immediate surroundings or user's task - not AAR. No leaning. Sonification that interpret the real world can be AR - helps understand environmnet.

		According to you, what are the requirements for sound to be considered an application of audio augmenting your reality (AAYR)?		Already touched upon this.

		Which use cases or scenarios, do you think, will benefit users the most as an application of AAYR?		First, not everyone can see visual feedback, some are visually impaired. They should be able to take advantage of computing to enhance their lives. For those who are visually impaired, AAR can be really helpful. Sometimes you can't really afford to use your visual attention, like when driving. They should be used in  a very safe way, because you have to keep attention on the road, and in these cases AAR can be great. EX: if you are driving what you are seeing can be just reality, and this is the most imrpotant thing, because you have to focus. Audio is less important because people close their windows and just listen to music, but then it could be important. Maybe teh computer can intrepret the road conditions and sonify it in some way. Convert the friction coefficient of the road to sound.				Visually impaired. Visually distracted (driving) - multiple resource theory. Sonify physical elements such as friction coefficient into audio to understand environemnt better- AAR.

		Can you discuss which users in particular might benefit the most in their respective scenarios from AAYR?		Imagine youre having a conversation with someone else. When Google Glass first came out, when notifications were displayed, you can't just read it, you have to mobe your gaze to that notification part to read it. In that case, your eye is not just a sensor but also a channel to keep your eyes engaged. In those cases, having audio feedback may be helpful. If you cant really divert your physical attention, it can be helpful. If the user is working in the area of making many human contacts, then it can be useful.		I think it is all about characterisstics of the situation, of the context. All of these things are constraints that could be permanent, and they all have their own characteristics. AAR can be helpful if that context has some constraints related to the visual perspective.
Not being able to see or use the visual feedback is kind of the limitation, because you can use the audio feedback then. It can work better rather than just visual feedback just not being available. Maybe if the property that you are trying to sonfy can be better in audio that visual. If there is something that is more directly correlated with what happens in sound, then maybe those can be good application areas/		Users whos visual channel is occupied. Context driven - constraints of visual perception. Better perception of quantity through sonification than visualization.

		In terms of auditory displays, which is the most important aspect, with respect to human hearing, for providing information? (ego vs exo-centric display, spatialized vs non-spatialized sound, speech vs non-speech sounds, amplitude, pitch, etc)		I am not an expert in this, but when I use VR or AR systems, what I love about those systems is that they track your position. There is 360 tracking of your head, hand, and environment. Those are really powerful, because with a computer, you are using 2D information to manipulate properly. If the system can track our movement, then it can provide a lot of information related to that. If I want to look at the ceiling I can just look up. That seems simple, but if you are playing a game, it becomes a very tricky business. I think audio feedback can use some of this technology. Tracking tech is now better then ever. This can be really helpful in giving information, especially in relating virtual content to physical things. You have to have something spatial in these cases, because otherwise you are just getting audio feedback.		Distinction between spatial audio, watching a video in front of you, you can prove that same version of audio when simply listening to audio, it mimicks the same thing, but assumes the sound source is in front of you. Then is it really added meaning to that spatialization aspect.

I think it depends. If i want to listen to music, and my phones is in the back pocket, I don't want it to play from behind. Spatialized audio also uses HRTF to create this kind of audio. If you are havig some instruments play on left and some on right, that kind of become a standard stereo system. in this case, spatialied audio is not totally helpful. It is helpful when you remove the audio source and need to choose a place to play the audio from. 
It can be seen as something similar to Netflix in VR. The content you are watching is 2D anyways. So if you are sitting in front of a large screen/TV and watching a movie that is 2D and what you see around you is just the environment. People can sit next to each other and talking to each other than you can hear each other, but imagine you are in a VR world in an actual VR world that you can move around in. If you move around there will be all this virtual content that responds to how you act in the environment. You can have a flat audio signal, or it can create the whole spatial audio to give a more realistic experience.		Audio spatialization through head tracking and head related transfer functions. Place audio source anywhere aside from left and right of user (stereo sound)

		What form factors (hardware, such as earphones) do you imagine being used in application of AAR? 		The simpler the better. We already use a lot of audio devices like headphones and speakers or maybe some earpieces. If the audio AR device can be made smaller, that would be better.
I wouldn't say that smaller is necessarily better, because not everyone looks for the smallest headphones, like the ear covering headphones, and they provide better sound. If the AAR system can be made like those normal speakers, then it should be fine. AAR can be better at building hardware, because if you are using a visual system, it should be something that does (not?) look like glasses. It will start of not as very minimalistic. People already play audio with headphones, so we just need the computation.		To create and AAR system you need to understand the environemnt: you need the sensing system and the audio system, which can be done with an audio or visual display. A huge part of some AR systems are headsets, but some use smartphones, and tracking and sensing is usually done with cameras. So those cameras can be make small, and one of the biggest components in the display, that is what make these AR devices really wierd. Some devices move these units to someother unit, like the magic leaf device, which has seperate unit which you use like a holster on your belt. It is still kind of wierd and gigantic because of the display unit. If you thjink about this the computation unit bcomes better. Sensing only requires some cameras, and sensors which can be made really small. Headphones already sound great and work well. So among those 3 parts, one of the most difficult pattern is the actuaion part, which is already mature at this point.		Smaller, simpler. Understand environment. Separated instruments for tracking, sensing, displaying.

		Based on this discussion, how would you define AAYR?

		As an emerging field, what future directions do you envision for AAR? For example, vision based AR systems  have matured for application in aircrafts and vehicles as Heads Up Displays (HUDs).

		We will now show you a taxonomy that was developed after a literature review. Please share your thoughts, comments, and suggestions on ways to improve it.		I think those users and contexts make sense. I think the ones you have here make sense, but it is hard for me to understand it as a whole. Like how you are organizing this and how you are covering the whole aspects of AAR, like how you are augmenting. I think the taxonomy can probably have some hierarchies and some higher level ideas to maybe arrange these ideas. Like when you are augmenting the reality or using spatial audio. Maybe there can be some different levels, which is better than a list of items. It is hard for me to understand if it is fully capturing the whole idea.
There may be so much more that I could not think of, and thats the tricky part of having the list of things. But from what I have read those all sound quite compelling		A: If someone is playing an electrical guitar, is it AAR?

S: You are using computer to generate the sound, so that you are localizing the sound source, so that the player feels like the amp is beside them or near them?

A: Solely just a person with a guitar which is connected with an amp--

S: I don't quite get it, is it just the computer working as an amplifier, and there is nothing spatial about it?
I don't think it is AR, and that is because when the computer is simulating that, it has nothing to do with the room or the environment, which it has no understanding of. I would not say that is AR. It is just amplifying the sound.		Hierarchical taxonomy. Electric guitar sound - not AAR. 		Thinking from the computer's perspective - how the computer senses, modifies, and displays - not related to the human.

		We will now show you a video demonstration of the  capabilities of  AAR using a prototype device. Please rate your satisfaction of its performance on a scale of 1 to 7, where 1 is highly dissatisfied, and 7 is high satisfied. Next, please provide your thoughts and ways to improve the application.





EI5

		Name: Dr. Kyla McMullen (Audio expert)		I have been working with 3d audio since about 2008, so maybe 14 years. And I typically work on perception (3d audio, how can we make people percieve it, how can we augment it, remember where things are), applications (how we can apply 3d audio into lots of different contexts, like a musuem or firefighter search and rescue situation), and development (whenever we create a 3d audio solution we try to develop everything within it).

		Question

		What is your understanding of AR?		AR to me is reality perceieved often through a transparent glass, a reality that allows you to overlay either digital or audio components that is not already there, bt overlayed on the natural environment, but not in a way to not be able to perceive the natural environment. It sort of integrates with the environment.				Transparency, overlay new digital or audio components integrated with reality

		Do you think listening to music, through loudspeakers or earphones, can be considered an example of augmented reality (audio in AR)?		I think about that some times too, sometimes I like to listen to musicals, and I remember once driving with a friend and we felt like we were watching something. As we were listening we were making a world inside of your head that you perceive. Listening to things that have a story component could be considered AR. I can just hear a song from some play and be transported to that sound, even when just listening to that sound. "A: you said you passenger was almost immersed, while you were driving, correct? In this case your passengers have the primary focus of the song, but your primary task or goal is to drive safetly, do you think there is a distinction between categorizing your experience vs. your passengers in terms of which is and isn't AAYR.

K: I think that can both be consideered AAYR, but I am the person with the split attention, Im not as immersed as I otherwise would be. It should not distract from the actual environment, whether I focus on it is my decision, but it is still displayed so how much I pick up on it is my choice."		A: you said you passenger was almost immersed, while you were driving, correct? In this case your passengers have the primary focus of the song, but your primary task or goal is to drive safetly, do you think there is a distinction between categorizing your experience vs. your passengers in terms of which is and isn't AAYR.

K: I think that can both be consideered AAYR, but I am the person with the split attention, Im not as immersed as I otherwise would be. It should not distract from the actual environment, whether I focus on it is my decision, but it is still displayed so how much I pick up on it is my choice.		Story telling aspects qualify to be AAR - sound induced experiences. Context driven YES.  Immersion can vary.

		According to you, what are the requirements for sound to be considered an application of audio augmenting your reality (AAYR)?		Having direction, a spatial component for AAYR, because often times the things we are trying to portray have a natural location or an implied location in space. Theres one project thats a sort of navigation system, where you put in a lcoation on Google Maps and will ping in a certain direction to show how close/far you are. A lot of the projects I use for AAYR has a directional component, because number one stream segregation, so that people can split up the sounds in their environment. For safety a person needs to be conscious of their outside world, we don't do that, but it is probably really necessary. It is unobtrusive and has a spatial component, and its also able to be detected over the normal noise that happens in an environment, something that allows it to be heard.				Spatialization to denote location of source. Navigation purposes. Stream segregation to distinguish sounds over natural environment. Unobtrusive.

		Which use cases or scenarios, do you think, will benefit users the most as an application of AAYR?		Any sort of navigation, search, theres also fun as well. Some students made a Pokemon Go type game but only with audio. There is an entertainment aspect that sounds really cool, some could be serious, like for training. Overlaying actual fields with combat for a soldier to practice. Also orienting or finding a way point where everyone needs to meet up. I feel like sound is best over ears for finding things. "A: You know how Apple's AirTags allow you to navigate towards a missing object with a beeping, is that AAYR?

K: Yes, because it is helping you achieve some task and the audio is not of the natural world, and you are percieving it with your senses."		A: You know how Apple's AirTags allow you to navigate towards a missing object with a beeping, is that AAYR?

K: Yes, because it is helping you achieve some task and the audio is not of the natural world, and you are percieving it with your senses.		Navigation, search operations, entertainment - games, militray training purposes, over ears for finding things.

		Can you discuss which users in particular might benefit the most in their respective scenarios from AAYR?		People who perhaps have a lot of visial things to focus on and need an audio channel that can be different to or add onto the visual things they are looking at. It could help with offloading some work. For the entertainment, just about anybody. Yeah, people with visual impairments would find this helpful as well, to help them locate things. There would also, then, need to be something to help them navigate around obstacles.				Viusally intensive tasks benefit from auditory channel, offload certain workload. All entertainment purposes. Visually impaired, search operations.

		In terms of auditory displays, which is the most important aspect, with respect to human hearing, for providing information? (ego vs exo-centric display, spatialized vs non-spatialized sound, speech vs non-speech sounds, amplitude, pitch, etc)		I would also add representative cues, lets say a system represents 5 different beeps that correlate to 5 different objects, that cretes a mental load requiring people to memorize certain beeps and commands, so audio that can already associate them is important. I dont knwo if latency will come in here, but it will definetaly have to be in concert with the natural environment, to not make people nauseous. So that it is in tandem with peopls real worlds. Yes, spatialization is important, because at least to me, it is hard to distinguish between different sounds, but if they have their own location, our ears will have an easier time seperating those. "A: In terms of wayfinding, we usually find in the real world that the sound source is with the object (like with Apples object finding thing), it maybe useful to move that sound closer to you so that you can hear it. If you are trying to replicate this with wearables, is it useful to gudie someone to point A, then B?

K: Yes I was going to say break it up into way points. If something is 300 m away, we could set up say 10 points to help someone to get to their destination. It wouldn't work if you just had to also deal with all the sounds nearby to you and a very distant sound."		A: In terms of wayfinding, we usually find in the real world that the sound source is with the object (like with Apples object finding thing), it maybe useful to move that sound closer to you so that you can hear it. If you are trying to replicate this with wearables, is it useful to gudie someone to point A, then B?

K: Yes I was going to say break it up into way points. If something is 300 m away, we could set up say 10 points to help someone to get to their destination. It wouldn't work if you just had to also deal with all the sounds nearby to you and a very distant sound.		Representativeness of auditory cues to minimize mental workload, latency issues for immersion, reduce any nausea. Work in tandem with natural environment and people. Spatialization to easily distinguish sounds.

		What form factors (hardware, such as earphones) do you imagine being used in application of AAR? 		We have a project where we are augmenting the museum experience, we have all the technology its just not pretty. What had to happen was that we had to give them a processing unit on a Raspberry Pi in a fanny pack and some sensors to know what direction was facing in their headphones. There gets to be a considerable amount of tech. Putting all of this into one device is not the prettiest thing, but what might work best is some headphones that go in your ear and around so that you can still hear the outside world. If bone phones got to the place where their could be accurate for localiztion and you can still percieve the outside world. Either the exertenalization or elevation is not good with bone phones, but tech improves so we'll probably get there. Then your ears won't be covered, so then you won't be out of the world. In wayfinding you may want to still have focus on the road, for example.		.		Headphones inside ear or around ear to remain aware of outside environment. Bone conduction earphones but with better localization features; current BC are not good with exernalization or elevation 

		Based on this discussion, how would you define AAYR?		It has not changed much, I like that you brough out a lot of the use cases that I had not thought of before, like with hearing protection. With audio AR, its not necessarily about the device, like with visual AR you need a Hololens for it. Audio AR is any audio that you put over headphones that doesn't interfere much with the natural surroundings or that you can percieve some other information, direction, story, etc. Its basically giving you a different sense in conjunction with the real world.				AAR is not hardware focused, unlike visual AR. Provide diff sense in conjuction with the real world. Any audio that does not interefere much and perceive some other information.

		As an emerging field, what future directions do you envision for AAR? For example, vision based AR systems  have matured for application in aircrafts and vehicles as Heads Up Displays (HUDs).

		We will now show you a taxonomy that was developed after a literature review. Please share your thoughts, comments, and suggestions on ways to improve it.		For B3, do the sounds actually have to be associated with an object, or can it just be an area? I guess thats one thing that kind of jumps out, tying it to an actual object may not be necessary, like if I want you to walk to the left, I can just play audio to the left.
What would be a sharable device in F3? [We're assuming a headphones thing two people could share either in the same place or in different places] Is the sound relatvive to their position? [Its relative to their position but with them interacting in the same context] 
I'm looking at the head tracker under form factor, I definetaly understand the purpose of a head tracker, but just the feasability of it. Google Glass was ther etech wise, but people thought it looked dorky. 
What's the different between B6 and B7? [They are very close, a lot of the definitions have overlapping elements. In B6 we're thinking of recording the audio and enhancing it in some ways, like when walking in a park and enhancing the sounds of one birds sound coming from some direction to enhance the experience. And then in B7, this is talking about a form of sonifying the sounds that exist in reality but for preobtained data]
In D8, where it says that audio with visual AR to asist in a primary task, why is that only for older adults and explorers? [So I'm guessing older adults because they'll have diseases like Alzhimers and they could use help to find things. For explorers, that could work for anyone giving them an experience to explore beyond the actual physical trail] I guess my point was that older adults are not the only people who could benefit from this. People on the spectrum may have trouble with executive function and may forget these things. So you would be limiting it from people with cogintive abilities that coud also be helped by this.
I'm not sure if I understand the use case for row 9, digitally gen audio on top of on top of reality to add to but not remove from it (construction workers; military). [In this row, we decided to focus more on noise use in hearing loss. Those people need hearing protection and so need to mask certain noises, so you need to take away some noises from the environment, but youd need to add noise to mask that so at least perceptually youre trying to take something away. Artistis and musicians require some quiet environments, which isn't always easy to find a very quiet environment, which was our reasoning here]. That makes sense, I guess Im just thinking that musicians need quiet but also need to hear themselves, musicians also need to blend in with others, so often times theyll play with others in their section so that kind of isolation to hear people within your section would make sense.
The earphones part, theres somethinbg that you can put into your eardrums to do this. When I was working at Wright Patterson Air Force lab, you should look up Doug Brungart. And he created this thing that you have to install into you actual ear canal, one end is blocking and one is delivering sound. And you can wave a magnet at it to work with it, ie change volume. Its more like someone else has to put it in your ear, it is definetaly not surgery. He uses it all the time. [And that allows him to do what again?] To isolate the world, and it can attenuate the outside the world. You run a magnet by your ear to control it. I don't know if it can go past your hearing to help you if youre hard of hearing.

		We will now show you a video demonstration of the  capabilities of  AAR using a prototype device. Please rate your satisfaction of its performance on a scale of 1 to 7, where 1 is highly dissatisfied, and 7 is high satisfied. Next, please provide your thoughts and ways to improve the application.





EI6

		Name: Dr. Areti Andreopoulou		An assistant in music tech and my main area of research is 3d spatial audio, both perception and signal processing, both the subjective and objective perspectives on that. I am mostly concerned with audio aspect of AR/MR/VR. I have been working in 3D audio since my PhD for the past 12-13 years.

		Question

		What is your understanding of AR?		AR is a method of enhancing one's perception of the surrounding environment. Its a way to enhance ones experience in a real physical space.				Enhance experience/perception of real physical space

		Do you think listening to music, through loudspeakers or earphones, can be considered an example of augmented reality (audio in AR)?		It depends on the context. I think that if you are listening in a passive situation (riding a bus and listning to music), then those two events are so dissasociated it is not an AR experience. Say youre listening to music while cleaning up in your house actively, those two things make your work more fun, so it does fall within the event of augmenting your reality. "//Shared vs. Personal Experiences
I fail to see at this point the benefit of a shared AR experience. I see the benefit in a VR environment, and I consider the audio a shared experience possibly. But for AR? I lean towards no from a personal experience. I haven't thought about it much?

A: Does listening to an electric guitar in the same room shared audio AR?

I mean a collective listening experience, we experience that every day. I don't see the augmented part of the experience in that situation. How would listening to a concert be an augmented experience?

A: The sound is produced in a way digitally and it is overlayed on top of your immediate phyiscal environment. I am not sure if it should or shouldn't be.

Yeah I would not consider that an AR. I would still need an audio layer on top of this guitar to consider it an audio experience. My definition is a bit more restricted in this sense."		//Shared vs. Personal Experiences
I fail to see at this point the benefit of a shared AR experience. I see the benefit in a VR environment, and I consider the audio a shared experience possibly. But for AR? I lean towards no from a personal experience. I haven't thought about it much?

A: Does listening to an electric guitar in the same room shared audio AR?

I mean a collective listening experience, we experience that every day. I don't see the augmented part of the experience in that situation. How would listening to a concert be an augmented experience?

A: The sound is produced in a way digitally and it is overlayed on top of your immediate phyiscal environment. I am not sure if it should or shouldn't be.

Yeah I would not consider that an AR. I would still need an audio layer on top of this guitar to consider it an audio experience. My definition is a bit more restricted in this sense.		Context driven. If music actively helps in performing a primary task, YES. Electric guitar sound in person is not AAR - not augmenting anything.

		According to you, what are the requirements for sound to be considered an application of audio augmenting your reality (AAYR)?		We need layers of audio that is coming into the physical space that doesn't necessarily belong in that space. I want to augment the experience, I want to have this audio give me more information or more context for what is exactly happening there. In your case, I would not consider a physical guitar or a flute playing on top of that guitar AR, because I would not consider that a meaningful experience. I want my experience to be enhanced in a meaningful wayk, so that I get more information about what's going on: me and maybe not next to the person next to me.				Unique layered display of auditory information that adds to what is already there. Has to be meaninfully enhanced. 

		Which use cases or scenarios, do you think, will benefit users the most as an application of AAYR?		I would consider assistive technologies benefitting from technology, for example any navigation technologies or rehabilitation or anything that falls within this category would rely on this technology. Education: you can enhance remote education scenarios with augmented reality. You can bring your classroom or a new environment with a virtual teacher or student into your reality. You can create a shared classroom space for those who are far apart. And this is important for enhancing your experience. I also see a benefit to the gaming/entertainment industry a lot. Not necessarily just music, but also gaming, movies, etc. Also adding the visual experience. "//Would deaf people benefit from audio AR?

I would say, surprisingly, yes, because sound is not necessarily only the experience that we are having in our mind, it also has a tactile vibrationalsense to it. I am proposing a project around that concept right now: I think what we consider AAR in terms of deaf people, or reduced hearing capabilities persons, I think that using the necessary devices you can have those people augment and enhance their experience of the environment with vibro tactile information."		//Would deaf people benefit from audio AR?

I would say, surprisingly, yes, because sound is not necessarily only the experience that we are having in our mind, it also has a tactile vibrationalsense to it. I am proposing a project around that concept right now: I think what we consider AAR in terms of deaf people, or reduced hearing capabilities persons, I think that using the necessary devices you can have those people augment and enhance their experience of the environment with vibro tactile information.		Assistive technology - navigation, rehabilitation. Education - enhance remote learning, shared classrooms. Entertainment - music, games, movies.

		Can you discuss which users in particular might benefit the most in their respective scenarios from AAYR?		Any user of those previous sets would count: students, gamers, deaf people, etc. If we divide users in a different way, I would think age wise, which is different that what we would expect. Because this is something that takes time to get used to, as to not be overwhelming, if this is a route that we are going towards, people who are younger agedf will benefit more if they get used to it and it becomes a way of dealing with it without it becoming overwheling, but simply the norm, like another way of reading the news. If we could be exposed in a controlled way that would be good, as it is kind of overwhelming.				Age based users. Experience based users. Controlled exposures to avoid becoming overwhelming.

		In terms of auditory displays, which is the most important aspect, with respect to human hearing, for providing information? (ego vs exo-centric display, spatialized vs non-spatialized sound, speech vs non-speech sounds, amplitude, pitch, etc)		You need to have a convincing spatial audio interaction so that your experience is immersive enough. That can mean a variety of things, it can co from the most convincing or tailored to your need (the best selected HRTF data set that fits your need the most with acoustic room conditions). T obe honest the level of accuracy and modeling for those components depends on the type and scenario. When designing an AAR display, I would not spend my time emasuring all a user's HRTF data, if the experience is something more loose/placid/informative. Same with the room acoustics. When bringing your virtual space to your real space, how accurate does it need to be as to not contradict between the two spaces. In most of the cases it doesn't really matter, it just needs to be fine such that users don't immedietaly reject the image. But you don't necessarily need to spend all of your energy to that, it just needs to be acceptable enough. The only issue comes up with your virtual and physical world contradictig each other. And we don't have yet an answer on how to prevent that. I think the two spaces should be treated equally, but I don't have an answer on how to solve this problem.				Convincing spatial display and interaction. Increased immersion.  Depends on the needs of the experience. Acceptable enough HRTFs and room acoustics so user do not immediately reject the image. Virtual space and real space should not completely contradict each other - unsolved.

		What form factors (hardware, such as earphones) do you imagine being used in application of AAR? 		The two tendencies for playback that would let you overlay are bone conduction headphones and open "back"? headphones. So that you have the virtual environment in your ears along with the other one. I prefer open back headphones for playback, so that the real noise comes in a natural way to your ears, but then you are leaking your virtual world to others. If its a shared environment, then you are altering the real world, so you are creating a feedback loop. I have not, in my work, experienced binaural playback with bone conduction headphones, but from what I have read and other people, they say that the image is more distorted. "//If we had speakers places in different locations that was playing audio of a specific kind to give the impression of being there would that count as AAYR?

That's why I said when you have experience with binaural or point sources from different locations to your physical space, so your putting your speakers where you would expect the sound to be. I would consider that an AR experience, yes, by definiton. You are running into a different problem in this situation, which is if you are treating your sources as point sources, so the location of speakers is location of virtual source, then you have something very concentraed in your real space, so it may completely dominate the sound or be masked by some sound. In this case you would run into problems of having speaker position that cause sources to be more or less spread based upon where you have placed them. If they are standing then they have a fixed width. Putting this in the real world means that you have spread that is represented by stationary sound speakers. So you immediately get a visual and physical perspective that contradicts. This is an AR experience that can work in the right circumstances."		//If we had speakers places in different locations that was playing audio of a specific kind to give the impression of being there would that count as AAYR?

That's why I said when you have experience with binaural or point sources from different locations to your physical space, so your putting your speakers where you would expect the sound to be. I would consider that an AR experience, yes, by definiton. You are running into a different problem in this situation, which is if you are treating your sources as point sources, so the location of speakers is location of virtual source, then you have something very concentraed in your real space, so it may completely dominate the sound or be masked by some sound. In this case you would run into problems of having speaker position that cause sources to be more or less spread based upon where you have placed them. If they are standing then they have a fixed width. Putting this in the real world means that you have spread that is represented by stationary sound speakers. So you immediately get a visual and physical perspective that contradicts. This is an AR experience that can work in the right circumstances.		Bone conduction and Open back headphones (allows to real noise in in a natural manner). Feedback loop in shared environment since real world is altered. Binaural loud speakers in real world is AAR; the speakers can dominate real sounds in a small space though. Virtual sources can be more or less spread out based on speaker locations. Virtual and physical perspectives/images must match for satisfactory AAR experiences.

		Based on this discussion, how would you define AAYR?		It's an enhancement of the auditory display of a physicl space. A meaningful enhancement of that space. Bringing virtual information, sounds, adding more information enhancing your experience of the real auditory display.				meaningful enhancement of the sounds of a physical sapce by adding virual information

		As an emerging field, what future directions do you envision for AAR? For example, vision based AR systems  have matured for application in aircrafts and vehicles as Heads Up Displays (HUDs).

		We will now show you a taxonomy that was developed after a literature review. Please share your thoughts, comments, and suggestions on ways to improve it.		I think it makes sense, it builds up on the information gradually and that is easy to follow. I only have one question, not sure I follow, "real time combination of real and virtual worlds", thats the build up I'm not following. Should it be the other way around?

A: Within a virtual world if we try to place viortual sound source so as to further immerse yourself into the virtual sound. This definition may not be connectd in the best way, but the idea was to enhance the immersion in the virtual world using audio AR. 

The virtual environment will alreay have a virtual auditory component?

A: Correct. That is sort of the idea here, where you are enhancing a VR experience using the audio, which is being produced through speakers here.

That is where youd draw the line, because youd define your VR experience as something that the audio should come over headphones? Is that what you mean? You have a VR experience with the graphics. What would it take to augment the audio of that to do audio VR?

A: Because we have an array of speakers that surrounds the user, you are able to spatialize the sound. SO when a car passes from left to right, so too does the sound, rather than just simply playing left and right channels on headphones.

But it you played interactive head track with binarural, would you consider that VR auditory display.

A: I would.

So the reason you are not considering the speakers one a VR auditory display is because 
a. the interaction is not computed somehow and
b. because you have two spaces, the virtual graphics space and the physical audio space

A: Right

I haven't thought of that, but yes that would be an augmentation of the virtual space by definiton. I just don't see that by the way that it is written. I see what you are saying and I kind of agree. Its an extreme scenario, but yes. "A: In regards to the use case column, do you think we missed anything?

You have tourist experience, navigation, and some that I would not think of, like object finding which would indeed be an AR situation. It covers all of the situations I am thinking of and more.

A: Do you think we can make any further categorization in regards to the auditory display design?

The design, you don't mean hardware wise, the design?

A: Right, I would say there is a single, two, or multiple layers of auditory information, but they're accessible based on your action. Do you think that could be another way to categorize these experiences?

Yes. I would say that another level of categorizartion that also reflects the complexity of the info that youre sharing is this, is what happens in terms of the layers of the auditroy display that youre trying to put on top of your experience. Because it also has another component that doesn't come starighforward but can be useful depending on what you want to do with that. If you think in terms of leayers, its also easy to add a timeline component to that, because the layers dont necessarily need to be concurrent. So it helps you also describe the build up of this augmentation. It can be something taht based on your decision or navigation, will evolve or the complexity will chaneg in a way that fits your actions or needs. Once you think in layers, you can also reflect that.
You're not really dealing with the hardware component right? Because youre focusinga lot on the how and the design, but you are kind of recycling the hardware. Youre just repeating more or less the same type of equipment.

A: Right, we just have one focus there, which is, for that context, what type of hardware would be the best. 

The way its added here, there is not necessarily a prioritization, and they are written in the same manner. In some cases it makes sense, and there are some components one wouldn't think of, but not necessarily your go to tool for every one of those categories. Beyond what youre looking at, maybe what you are prioritizing;; A: Is there anything else you'd like to talk about here?;; I find the compoinent of removing information as a component of AR interesting. I see the point, it kind of contradtics, it isn't augmenting its removing. I wouldn't necessarily see a part of this, but I understand that this can fit within the broad concept of AR, rather than my definition of AR.  		A: In regards to the use case column, do you think we missed anything?

You have tourist experience, navigation, and some that I would not think of, like object finding which would indeed be an AR situation. It covers all of the situations I am thinking of and more.

A: Do you think we can make any further categorization in regards to the auditory display design?

The design, you don't mean hardware wise, the design?

A: Right, I would say there is a single, two, or multiple layers of auditory information, but they're accessible based on your action. Do you think that could be another way to categorize these experiences?

Yes. I would say that another level of categorizartion that also reflects the complexity of the info that youre sharing is this, is what happens in terms of the layers of the auditroy display that youre trying to put on top of your experience. Because it also has another component that doesn't come starighforward but can be useful depending on what you want to do with that. If you think in terms of leayers, its also easy to add a timeline component to that, because the layers dont necessarily need to be concurrent. So it helps you also describe the build up of this augmentation. It can be something taht based on your decision or navigation, will evolve or the complexity will chaneg in a way that fits your actions or needs. Once you think in layers, you can also reflect that.
You're not really dealing with the hardware component right? Because youre focusinga lot on the how and the design, but you are kind of recycling the hardware. Youre just repeating more or less the same type of equipment.

A: Right, we just have one focus there, which is, for that context, what type of hardware would be the best.

		Mulitple layers of audio. Categorize based on complexity and context with primary task. Consider temporal aspect of layers since all layers are not available at the same time. Interaction dependent complexity and context of sounds.

						The way its added here, there is not necessarily a prioritization, and they are written in the same manner. In some cases it makes sense, and there are some components one wouldn't think of, but not necessarily your go to tool for every one of those categories. Beyond what youre looking at, maybe what you are prioritizing;; A: Is there anything else you'd like to talk about here?;; I find the compoinent of removing information as a component of AR interesting. I see the point, it kind of contradtics, it isn't augmenting its removing. I wouldn't necessarily see a part of this, but I understand that this can fit within the broad concept of AR, rather than my definition of AR.  		Prioritize hardware based on use case. Removing sounds not AAR.

		We will now show you a video demonstration of the  capabilities of  AAR using a prototype device. Please rate your satisfaction of its performance on a scale of 1 to 7, where 1 is highly dissatisfied, and 7 is high satisfied. Next, please provide your thoughts and ways to improve the application.





FG1

		Question		P1 (Caleb)		P2 (Daniel)		P3 (Jake)

		What is your understanding of AR?		It allows you to see the world in a slightly changed way (ex: glasses where you see the world with screen overlayed), different from VR which is a completely new world. AR is the world but slightly changed.		AR might have different applications [from VR], modify some aspect of something to show some different aspect of it. 		AR, compared to VR where the entire environment is virtuialized, is where reality is slight modified, where there are certain non real components on it. However, the entire thing is not a virtual environment.

		Do you think listening to music, through loudspeakers or earphones, can be considered an example of augmented reality (audio in AR)?		Listening to music through loudspeaker not necessarily, through headphones probably. Because the headphones directly inetract with you and not with other peoples reality. Perhaps AR changed when others can or cannot interact with your current reality. Where do we draw the line on what AR is (like an electric guitar, is that AR?). If we draw the line between individual vs group action, that would make for a better definition.		Yes, I personally perfer headphones in that it is more centered with the user, especially when compared to the speaker. The headphones make it feel like I am "there". The speakers are just not as personalized.		Listening to music through a loudspeaker/headphones is an example of AR, because it is just a virtual component of something you would not hear on your reality. So it is overalying what is already going on.

		According to you, what are the requirements for sound to be considered an application of audio augmenting your reality (AAYR)?		Individual is the main thing, if everyone is hearing the same thing, it is not really AR. It has to be your individual perception of the scene (whether through glasses or through headphones). 		It has to be personalized, every user has to have a different experience (it needs to be personalized).		AR could be a group of people listening to music that is playing in the store, as long as it is not something happening in the real world. Band playing in the store vs. on headphones/speaker to one or more people. Seeing an actual waterfall is not AR, but seeing a virtual one via glasses would be. It depends on if that thing is a visual/sound influence and if it is actually there or being created by some piece of technology. I would consider an electric guitar apart of the real world if it is in the same room, but if the person playing it through a speaker editing the sound that could be AR. If all the sound is from the guitar itself, that would not be AR.

		Which use cases or scenarios, do you think, will benefit users the most as an application of AAYR?		Navigation, it is distracting to look down at GPS then up at the road. It would be handy to process audio while not being distracted by a visual. Pokemon Go is kind of AR, so the audio would be AAYR, so games would be a good application.		Lets say youre going to a different physical space. When you go to a differnt place, some audio could be played. Location-based music or audio. Preferrably, music to change your mood (nostalgia), but it could be done for audio.		Teaching purposes, if you are learning how to be a surgeon (or any job), instructions could be spoken out to them, or with a GPS system to direct you to some specific place.

		Can you discuss which users in particular might benefit the most in their respective scenarios from AAYR?		There are benefits that could be found by any group, but specifically people with disabilities could benefit. Many crosswalks have audio capabilities (you can cross the street now), which would be helpful.		It would be helpful for all, but elders, adults (18-40s), and working people. If you are working in your house (especially in the lockdown sense), they could benefit a lot from creating an office-like environment. You would get sound that gives you an impression of being in an office space.		People with disabilities, especially those with visual disbailities, who need audio to help complete certain tasks. Or elderly folks who have problem seeing things or potentiall hearing problems (and can turn up the audio to help them hear things better).

		In terms of auditory displays, which is the most important aspect, with respect to human hearing, for providing information? (ego vs exo-centric display, spatialized vs non-spatialized sound, speech vs non-speech sounds, amplitude, pitch, etc)		Location is very important, especially if you have good surround sound. Article: man developong sounds that would convey direction. Capabilitries of this would be really cool (completing a maze just with music) - ego vs exocentric. That would be pretty cool.		It creates an immersive sound. Tidal? app. If you use the app it makes it seem like the audio is playing around you rather than coming from one place.		It would depend on the application, exocentric sounds good. Especially to direct someone to a location or bring attention to a location where the sound is coming from.

		What form factors (hardware, such as earphones) do you imagine being used in application of AAYR? 		Something individual, something that will allow for the enhancement of audio, but not completely overriding the audio. Perhaps noise canceling or some headphones, similar to what we have now.		Something lightweight, longterm, must not damage the ears. Something that you would wear on the head and lightweight, something that I don't notice. Primary focus should be on the audio.		Something like bone conduction headphones, such that your hearing of the environment is not impared. Or regular headphones with transparent hearing.

		Based on this discussion, how would you define AAYR?		I would do more research to make sure I have an industry-solid definition.		There's a lot that goes into it, not quite sure.		Based on what you've told us, it is a theoretical concept on audio center AR that is meant to oassist or aid in any tasks for any individual.

		As an emerging field, what future directions do you envision for AAYR? For example, vision based AR systems  have matured for application in aircrafts and vehicles as Heads Up Displays (HUDs).		The sophisticagtion of tech used in AAYR is what will mature. The capabilities of being able to pinpoint one point using egocentric AAYR, but in the future potentially display directions in a single audio clip.		Start with somple applications before getting onto advanced applications, let people get used to it. 		Assisting in education or people with disabilities or the elderly. It could be marketed to the people who need it most would be the future application of it.

		We will now show you a taxonomy that was developed after a literature review. Please share your thoughts, comments, and suggestions on ways to improve it.		All of the read definitions seem pretty good. For AAYR specifically, all of them look like reasonable definitions, so one that can account for all of them would be good. To create the most accurate definition, you would want to discern which are the most important criteria. Important phrases: overlay, use of audio to supplant real world (likes this definition), define a situation that works, use os supplant. Gamified for motor rehabilitation is a good use case. It is a very broad topic, so there is a lot that could fall under the umbrealla of AAYR, a lot that could benifit from its use.		They are all valid definitions, the definition that Caleb brought up is fantastic as well. Make sure to define what a "web based" environment could be. Simplified is good. Other points are good as well. There is nothing I would really take away, everything is within the bounds of possibility.		Nothing necessarily to be added.

		We will now show you a video demonstration of the  capabilities of  AAYR using a prototype device. Please rate your satisfaction of its performance on a scale of 1 to 7, where 1 is highly dissatisfied, and 7 is high satisfied. Next, please provide your thoughts and ways to improve the application.		A lot of image processing, a lot of AI, a lot of classification, some text id. Object/scene/text id. Text id has come a long way, especially hand written text 6/7, it read that fairly accurate oustide of some mistakes (also very useful). Shape/object id, how did it identify which object is the most userful (foreground, background) 5/7. Scene detection was alright, it got some things, strong image capabilities, a lot of quick processing 5/7.
User's experience: pretty clean, the voice use is pretty good. Advantage of not using hands, as it provides audio cues. The UI was very good in that sense. 		Pretty interesting, overall a 6/7. I think it did well in some aspects over others, like with text, which did better than I expected. This was also better than the scene id. Still needs some improvements in some aspects.
User's experience: overall good, can give it some commands whereupon it gives feedback which is good. Still some room for improvement.
Would have been nice in the video to (video on text on picture in magazine), gives priority to what? Face vs. text vs. image. Does it do the command that it is supposed to do.		5/7, need to recognize what it is and what it is capable of. It is not perfect and needs some room for improvement. Needs more intuitive immersion with the user. Design wise is not super intuitive to use. It has a lot of room for improvement.
User's experience: pretty good, I think that thge general problem was the abilityt to detect certain things and give more detail in information to the user.





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































FG2

		Question		P1 (Matthew Sweat)		P2 (Tony Lee)		P3 (Nina Lieu)

		What is your understanding of AR?		Its like taking visuals and placing them in the area around you. In VR, you completely change you outide vision, while in AR, you add things to that vision.		AR is like a popup/a more advanced version. VR is a more actual world, like a 3D version of it.		AR is similar to VR, but not the full simulation.

		Do you think listening to music, through loudspeakers or earphones, can be considered an example of augmented reality (audio in AR)?		Potentially through speakers yes, but not through headphones. It depends on where the sound is coming (like with speakers to determine where sound is coming from, localize the source). 
What is the media has spacialization? 
I think that is possible to get in ear headphones to that level, I am not sure if the technology is at that point. It is still to limited, it kind of localizes at this point (no up/down). 		I'm not sure how those examples can be translated into AR.
If you could hear it in all directions, that would be AR.		Follows on with Matthew. Headphones makes you more in the simulation, feels like you are really "in it".
Spacialization Q: Headphones aren't quite there yet, not quite as good as speakers.				Localization, add to existing environmental sounds

		According to you, what are the requirements for sound to be considered an application of audio augmenting your reality (AAYR)?		You need to be able to directionalize the sound. At a minimum, at least 5 different zones that can be chanelled to make the sound different = up/down/left/right/center.
You need to add in some elements of what is oustide around you. If you are fully replacint the audio around you, that would not be AR, because you are cutting it out and replacing it. They need to be together, simulated and real audio.		Agrees with Matthew.
Depending on what kind of music you are listening to, AR could help you experience the music better.		Agrees with Matthew.

		Which use cases or scenarios, do you think, will benefit users the most as an application of AAYR?		Hearing aids, could be helpful there, to spacialize that would be effective.
For entertainment purposes, could be great. Sit at computer and watch concert, but audio would be a bit different.		Using it in the metaverse.
When you are working on a project with a lot of noises, it could be used for singling out certain sounds.		Something with GPS, kind of already narrated, but if there was a technology to project something onto the glass in front of you (heads up display). Implement sound into this case, it would make it easier.
Add a surround sound aspect.				Hearing disability, entertainment purposes, isolation for focusing on primary task (reduction of environmental noise), audio aided GPS navigation using HUD (complement the visuals)

		Can you discuss which users in particular might benefit the most in their respective scenarios from AAYR?		Entertainment
Anyone with a hearing aid
Goes very much in hand with VR, both should have a very spacial aspect to it. VR for games, you are replacing noise, AR has same technology, but you can also hear what is arround you.		Anyone who uses entertainment, who has to use it for work.		Teenagers, because we would be the ones using it.
The older generation, would be more interactive so that they could visualize it more. Add another sense to make audio better.				Entertainment industry, teenagers, older users

		In terms of auditory displays, which is the most important aspect, with respect to human hearing, for providing information? (ego vs exo-centric display, spatialized vs non-spatialized sound, speech vs non-speech sounds, amplitude, pitch, etc)		The spacialization is the highest importace of that, without you audio being spatial, it will never feel realistic. That doesn't mean it won't be good, but it won't be realistic. 
Also being able to make a way to not make everything around you not be drowned out by what you are in.		Spazacialaztion is important. Gave AirPods example.		Spacialization and with transparency (AirPods). Hard to separate the two without balance. Not sure how one would make sure not to drown out outside voice, as you only focus on whats in your ears, headphones.				Spatialization for localization, transparency (compare elements of visual and auditory display - have similar and distinctive mapping between the elements) Example: temporal quality. fading sounds, blend with environemnt.

		What form factors (hardware, such as earphones) do you imagine being used in application of AAYR? 		Anything that you make as unnocitable/light as possible. If you are trying to create an environment around you, but still want it to feel real, you should not make something be very apparent, like big headphones. The less you feel it, the better, and more real.
Depends on use case, in house/open room, you need nothing on you, just a proper array/arrangement of speajers.
In AR, there is a difference with VR. You do start to forget what is around you, the headset is at first heavy, but you notice it less and less. I would say that because you are interacting with what is arround you, you need to ensure that everything is unnoticable. That is what let's you start to forget about it.		You have to make it very small, or possibly make something like a chip in your brain. So only you could hear certain things.		Multiple speakers, instead of one all around sound to break up everything.
If this becomes ambient noise [use of AR over time], find the timeframe of how long it takes for that to happen, so that you can have more consistency with ensuring that AR does not dissipate [in terms of its imersitivity].				Least noticeable, small. Time frame after which AR audio becomes ambient audio to ensure audio does not dissipate.

		Based on this discussion, how would you define AAYR?		Agree with Nina. That, but make it as realistic as possible. Make it to the point where you can't discnern between the speaker audio and the real audio. Make it as real as possible.
Could be really great for making simulations. Like with simulation testing. You can put it in to those kinds of simulations in making those more realistic.		We could think of that as 5d audio, for next generation uses: military, entertainment. We could not totally comprehend it now, but that could be different in the future. When you are in a tank/helicopter, use for beter communciation and awareness		Like with movies and surround sound, makes it feel more real.				Indistinguishable between digital and real source, enhancec communication channels, entertainment purposes (games, movies, music), natural voice agents, military training and simulations, increased sensation of otherwise dull activities (driving), increased situation awareness (detect sirens and alarms)

		As an emerging field, what future directions do you envision for AAYR? For example, vision based AR systems  have matured for application in aircrafts and vehicles as Heads Up Displays (HUDs).		Will open up new opporuntiy in entertainment/games. Once it is better developed, AR Games could become very popular.
It would feel like a more realistic VR. VR is great for complete submersion. AR could be just like VR, but with reality, you see yourself in it, rather than replacing VR.
People enjoy listening to their music, singling out music would make people happier and safer. Can get rid of wind, drown out with music, but overlay important noise.		A more developed version of Siri. With simulation and driving, personal secretary.
AR audio could maybe amplify certain noises and deamplify others.		A better version of the windshield thing, but for navigation. Also with music, play honks, outside noise on top of the music so that you could better navigate, be aware of surroundings.
Really helpful for military training, make it more realistic to ensure that people have more pressure to perform. Easier to notice things.
Could be helpful for driving. Driving feels like VR, because you are sitting in a spot going fast. With the oustide noise, you have pressure to react faster, so that you aren't just focusing on music. Make a trasnparency for other noises, like Ambulances.

		We will now show you a taxonomy that was developed after a literature review. Please share your thoughts, comments, and suggestions on ways to improve it.		Definition in E7, needs a little bit more elaboration, but that is the closest to how I feel it should be descfribed, because it specified how you are altering your perception of it. Many defs don't specify that you can still hear around you. You need to specify that you are not just replacing what is around you, but you are amplifying it or adding to it. Otherwise, it would just be audio or VR.
K8 does not make so much sense, because a lot of athletes are almost pupsoefully drowning out audio to focus on vision. By adding audio, you could break that. In the majority of sports you don't have anything blocking your hearing. This could only be needed for subtle things, like adding a microphone between people. There is nothing impeding the audio, they are just purposefully tuning it out.		E12 pretty accurate, E2 pretty interesting. Make a sound of a virtual sound.
It would be cheating for most spots, if you enhance audio. It would be viable if very small [hearing machine].		Bone conduction question. Having headphones on feels constarined, but if you had your ear open it would feel a lot more real.
The only sport that could use audio is shooting/hunting.				Athletes like rowers, cyclists, swimmers, aerobics, rehabilitation, provide feedback based on their actions to provide rhythm, sonification of their motion - training purposes. 

		We will now show you a video demonstration of the  capabilities of  AAYR using a prototype device. Please rate your satisfaction of its performance on a scale of 1 to 7, where 1 is highly dissatisfied, and 7 is high satisfied. Next, please provide your thoughts and ways to improve the application.		Pretty widely depends on its use case, is definetaly impressive on what it picked up, and was relatively accurate. If you are trying to impletement that into daily life, it has a long way to go, because the loading times will drive people insane. It needs to be quicker.more instantaneous. Needs to improve for everyday use. I would say that it is working in the right direction,.		Seemed pretty accurate, like with face recognition. Could be better, because object detection wasn't perfect. 5/7
It is in the right direction, if it could read your mind that would be great, so you don't have to give commands, like Iron Man. Can think for itself and tell you what you need to know.		Actually pretty good, faily accurate in picking up text, like with Apples convert to text, samething with Google Translate. Object detection was pretty accurate, I was satisfied. 5/7
Going in right direction, needs to be faster.				use score's mean, sd, median. keyword frequency. use specific number when reporting results in paper.





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































FG3

		Question		P1 (Mohannad Ismail)		P2 (Jayesh Pandey)		P3 (Manhua Wang)		P4 (Jing Zang)		P5 (Haritha Gnanasegar)		P6 (Sahana Basapathi Srinivas)		P7 (Xiang Pan)

		What is your understanding of AR?		AR is there for some sort of likage between the phisical and virtual world. Having some kidn of reaction that is virtual in soms ense but is interactivce in a physical sense.		The name suggests that you are adding to the existing reality and trying to create different experiences. For example, like Pokemon Go would count as AR. This could be done either with software or hardware implementations/.		For me, AR is something that is virtual but laid on reality. For example, something with a display could br AR, and some games as well. There are also some cases, where someone created video games in their own house, where they play though some glasses.		AR is combins virtual things with reality, like with the heads up display in a car, which has a live map. The screen has a camera that shows a live map in front of you to make directions easier.		AR is something between a reality and a VR, because you are in your real world, but the headset overlays a virtual screen for you to interact with. You are in a sense transported to a virtual world in real life.		AR is when you are trying to augmented reality or overlay reality with images or something to change that reality.		AR is using technical method to combine some special method to the reality in order to help people see and hear differently.				Linkage between physical and virtual world that in interactive, adding/overlaying to existing reality

		Do you think listening to music, through loudspeakers or earphones, can be considered an example of augmented reality (audio in AR)?		Im not sure, I would say that more AR involves some sort of interaction with something connected between the virtual and physical. So music listening would not be the first thing that comes to my mind./		I would say that tehcnicially it is a format of AR, a good example would be the virtual haircut sound, such that you can feel the experience of what a sciessor/barbor is around you. This could count as an AR format. It fepends on whos experiencing it/.		It depends, to some degree if there is a virtual aspect added to that I would count that as AR. And for music, if it could have some localization or left sound channel, that would also count. If it is just plain music, then probably not.		Considering the AR term, audio AR would be asong that relates virtual sound with real world sounds (outside). As far as I know, the environmental frejdnly vehicle is mostly powered by electricity, and when it starts the engine does not have much sound, this has a tradeoff. Without sound can feel differently to the driver than with the sound, so in the future we could emmulate this sound in order to have opeople feel a feeling of starting the engine/car. This seems like audio AR to me.		By augmenting audio on surrounding noises you would be doing AR, like with Noise cancellling, that would be some sort of audio, as it takes out white noise and consistent noise. Standard headphones, maybe not.		Jusyt listening to music is probably not AR, you would need some sort of blend in the reality for it to be considered AR.		It would count as AR, because these daus the headsets develop very quickly and there are  alot of improvements based upon the number of channels. The focus is to make the sound real, so the main focus would be trying to recover the effect that they want to achieve in the best way, to make people feel like they are in the actual environment. As if you were in an actual concert, etc. Currently the technology has a lot of disadvantages and a lot will need to be improved.				No - 3; Maybe - 2; Yes - 2. Simply listening to music through traditional two channel output is not AAR. However, if there was some form of interaction possible using the real world, or if the sound was spatialized effectively allowing for enhanced immersion it could be considered AAR.

		Do you think Audio AR can be a shared experience? Or can it only be considered an individual experience?		Definately, like with 2 players plaing a game. Tow people are sharing the same AR medium and would be sharing the expeirence.		It can be shared, like if you were talking to some kind of voice assistant. So mylitple people could talk to it at the same time to solve some tasl.		It can be, but it depends on the tasks. If they have somegthing interactive that they can share among two or more people that also involves sound, that could be a shared epxerience, but if it is something that someone want sto enjoy themsleves, it could be single. It is possible to make a shared experience, like with dancing together or playing some games together or just in sharing some audio.		Most AR does not have heads up equipment, so it would be shared. It can be private with the single headphones, but without it coul be sahred.		I do not thing so, because I agree with Jing. Considerfing that Audio AR is personal, like with headphones, it can't be shared/.		This technology can be seen as indivudual and shared experience, like with gaming.		They can be shared. Some example would be like giving a alecture to a group of stduents with an evolved form of AR. Like you are trying to duplicate a single environemnt to multiple individuals. They are recieveing teh same information at the same time				No - 1; Maybe - 3; Yes - 3. It can be shared if people are receiving the same information, but it will depend on the individual's task. Could also depend on the form factor used to provide AAR, if it is strictly personal devices, it might not be a shared experience.

		According to you, what are the requirements for sound to be considered an application of audio augmenting your reality (AAYR)?		The requirements for AAR are the same for any type of AR, it needs to have some kind of interaction with the real world and virtual world. Although this will contain a lot of visual components, audio components can further augment this experience.		Hardware requirements are a must, you need those components to bring those features to reality, or to AR. They could exist without virtual effects, so you could use audio effects instead, but the hardware components are a must.		Based on the definiton of AR, there needs to be something both virtual and in our real life, plus with audio. I personally would love to have a visual type thing if there was that audio capability. But it also depends on the person who can experience something that is not only visual. Needs to have virtual component and reality aspect. Different types/aspects of sound can appear in both section, like with vibration which could also be emulated.		First AR has to contain reality in someway, and the augmented audio part means it has some relation to the real world but is virtual. You can combine these in differfent ways.		You have an understanding of the surrounding and you aigment it with something. So you must be able to hear what is arround you, and the tone that you pick up could be the augmented one that is being overalyed by the system. The augmentation is what you hear mostly.		The audio is not AR on its own. SO it depends on the context or space. I would like to have a sensation. Are they enhancing my reality just with the audio.		Good hardware. To make people believe what they see is real, you need good tech.				Interaction between virtual and physical, hardware capabilities, virtual sound is the primary sound and real sounds are part of the soundscape, context driven.

		Which use cases or scenarios, do you think, will benefit users the most as an application of AAYR?		Retelling a story or some part of history and having that AR and audio part come in. Like with a battle, with its visual and audio components. That would give a fully immersive experience.		The voice notes in the zoo, that would enhance your excpeirence of reality by helping you learn more. The audio aid to the visual component will help.		It would be great if I was walking in some great place (like the aquatic center./aquarium), and you can hear something from headsets/bone conduction headphones that tell me a lot about these creatures or mimics their sound, that would augment my experience.		Contents like with cars. If the mysic can contain something wit hthe outside, so people listening to the music can still understand what is going on outside, but will also give feedback to the driver as they drive.		Movie theaters. When you are watching a movie, audio AR could be good.
Online meetings with Zoom to make you feel like you are actually there.		Music industry, people who can come up with creative stuiff in the music spacve.
The classroom environment to make it more interactive. To make more creative		Videogames and the metaverse would involve AR. Social activities like presentations too.				Recreational acitivies such as going to a museum, aquarium, zoos/safaris, spatilaized audio in movie theaters, Zoom meetings, music production, VR applications; adding additional environmental sounds to improve SA. 

		Can you discuss which users in particular might benefit the most in their respective scenarios from AAYR?		People with disabilities would have the most abenefit with this. Integrate AAR with critical applications can help them become more independent.
Also fir those looking for unique entertaiment.		People with disabilities related to audio may get the most benefit. Build a layout for them of getting through some parts of an area or city, and you could coordinate wth public tranpsport. Voice assistant could help here.		Those who have visual impairment, temporarily or permanently. Those with those disabiolities or people whose visual capabilities are occupied by other tasks can enhacne their curfrent epxerience with AAR.		For those doing visual tasks, because they visual tunnel could be closed, but their audio tunnel is open. So AAR could help with those tasks.		Visual impared folks, so that they have an additional layer of sensory to navitage around something.
A lot of Youtube content creators could use it to make their videos more attaractive/appealing to viewers.		The youth, and the people who are young. Those who listen to muisc or watch movies and could get into this technology. IT could benefit most other age groups as well.		People who have disavilities in the eyes, AAR could help them learn something trhough sound.				Visual (x4), auditory (x2) impaired individuals, youth (x1). Visually intensive tasks.

		In terms of auditory displays, which is the most important aspect, with respect to human hearing, for providing information? (ego vs exo-centric display, spatialized vs non-spatialized sound, speech vs non-speech sounds, amplitude, pitch, etc)		The direction, being able to tell if its from the left or right, front or back. The intensity of the sound itself and the cues and timing of them are all very important factors that contirbute to the expeirence itself.		It should not be something visisble or somethin that you should put on. It should be apart of the environment. Should it comes outside, or from within your head? It depends upon the task, like entertainment coulud be outside the mind, but audsiobook could be inside the head		The intensity can be one. As you get clsoe to something ytou can inraese intensity. Or could use intensity to carry some information, some level of importance.		The interface between people and the audio shoud not be that visible. It should be more immersive, for examnple if you wear something like a headset, taht wouldn't be so immersive.		Intensity is important, like with how close you get to something, that is important. Direction is also good.		Space and direction are important, You could make it more sensetivie to the movements of the head, like with Airpods, etyc.		Eliminate the feeling that the device will bring to the user. When I head you with my headset, for example. It would be great if I could put nothing on and recieve the information directly from the environment.				Spatialization (x2), intensity (x2) and temporal variation, environmental preferrably with seamless interaction,  minimal hardware (x3)

		What form factors (hardware, such as earphones) do you imagine being used in application of AAYR? 		Portability is very important. I;ve used hololens and many other AR systems which are very bulky and not portable. They should also have enogh good hardware communcation so that they are lag free. Not being annoying to the user using them is good, like with earphines and headphones, which should not be intrusive or uncomfortabe.		The hardware which we have right now could improve a lot, they are quite bulky for example. They are also not as powerful as they can be, like with processing. And those that are are very expensive. Also battery life is important if you are going to integrade Audio AR into our real life. Need a long battery life.		I wear glases so a lot of headset would hurt. I prefer something that can attach to my glasses or will be nonintrusive. It should not be too uncomfortable, which may redue or damage my experience.		I agree with Manhua about the glasses. It would be great if you could listen to music wearing your glasses, such that it would not be too intrusive, and using a phone to conduct/connnect would be good.		If you will be doing over the ear headphones, they need to fit your head, because they can hurt your head. I prefer in ear headphones. If they are wireless, batteires and portability is imporytant, it needs to be used not just at home.		Being ligt and being able to be used across various devices is important and it should be comfortable to be used over long periods of time.		Like with homecinemas, that provide... (I missed this one I think)				seamless interaction, unnoticeable hardware, unnoticeable latency issues, improved battery life, combine with existing hardware such as glasses.

		Based on this discussion, how would you define AAYR?		Based on what I have seen, it is not meant to be a stand alone exiernce, but should enhance the total visual experience of it as well. But its meant to add a lot of newer functionalities that makes practical jobs and even enteryianments more feasable and easy to access in a sense.		I would agree with Manhua, as it can optimize a solution that already exists, especially for visually disabled persons. With the help of this, this device could use cues like vibrations to help people.		AAYR is more like using the audio to either assist or enhance your expeirence of real life. A large difference of it from the traditional AR is that it not only enhances enteritainment, btu qalso in completing something.		At the begginig I was only thinking about how it can give people information, but with what you have showed us there is a lot of room for interaction with people, which should be considered.				When I think of AR now, i think of mostly an immersive environment that can be as immersive as possible. I think that we can do that with current tech and sensors.		I agree with Mohannad, I believe that the application that we saw is with the visual AR as well. Currently audio AR has a very large room for improvement, especiallyin the performance and human use part. The application fo Audio AR is currently underrated and there are large potential for it.				used with visual AR, make primary task easier, assist/enhhance experiences, social interaction.

		As an emerging field, what future directions do you envision for AAYR? For example, vision based AR systems  have matured for application in aircrafts and vehicles as Heads Up Displays (HUDs).

		We will now show you a taxonomy that was developed after a literature review. Please share your thoughts, comments, and suggestions on ways to improve it.		The taxonomy outlines several factors which we have already discussed, and some are new, like with bleinging: combinig virtual and real sounds. You may have to make sure they dont interefere here. Surgical devies would also be very interesting but also ptentially contraversial withtheir intrusiveness. I like the idea of using it for workers working in dark environments.				I think that this taxonomy is very comprehensive so far, and I saw a lot of AAYR aspects and different aspects of definitions, environments, and a lot of stuff that can AAYR can apply to. I like how you outlined audio and AR differently. There is a lot in the audio taxonomy that interested me, like the keynote sounds, that is very comprehensive.
I'm thinknig about how some of the users may be limited in some ways, like you should link users to the form factors, which form factor most benefits a certain user, or group of users. Like with workers in dimly lit environments, some devices are more useful than others. You can maybe link the user with a form factor that can benefit them the most. Some users might like only benefit from one or two form factors.		I focus on the aspects on those users who would benefit from AAYR. I used to run at night on the road and would use headsets and noise cancelling headphiones, which are dangerous in that case. Maybe we can link users needs with the sounds that they need such that it will improve their ability to do certain things.		I like this, because it kind of gives me an overaly of what are the different use cases/form factors present. I do like the sonification of real world environments. Adding things like these is very interesting. Blending was a new concept to me, as I though of audio AR as overlaying audio and information.		I think you could take a use case and users and give a whole scenario so that we can relate to it better, instead of breaking it down into individual cases.		This taxonomy is very comprehensive, I see a lot of points have already been discussed and covered in our combersation. It is good to have recovered some points from here. This kind of AR tech can be applied by medical tech, this can be really interesting, and have me some new ideas, and could chang ethe medical experience.				virtual and real sounds should not interfere. link users to form factors and rank them, provide scenario/context/use case

		We will now show you a video demonstration of the  capabilities of  AAYR using a prototype device. Please rate your satisfaction of its performance on a scale of 1 to 7, where 1 is highly dissatisfied, and 7 is high satisfied. Next, please provide your thoughts and ways to improve the application.		It already provides certain surfaces that have much better mechainsms that are providing for it already, like with text recognition. The sound was quite distracting, and not that good in terms of its practicablity, I would not want to hear that all the time. The interfact should be improved also as it does look a bit prototypey. The scene identifier is good, and if refined could be fantastic. 6/7.		It could be a great tool for visually impaired people, and the processing was pretty fast,so that is a plus point,. Though the bird chirping sound was quite irritating. The device is almost like earphones which can be plugged in, which is nice and looks pretty lightweight, so that is a good point. I give it a 6/7. Though it could be imrpoved, as a prototype it is good.		The computer vision of the software seems pretty advanced and can do a lot of things. In terms of its feedback, its good that the user knows that the system is processing, but it is a bit high pitched, which can be uncomfortable. As for the text recognition part, if it has more breaks between sentences that would be great, because it currently connects everything together. With scene recognition, irt would be nice to have some keynote sounds that will help in listing of the objects or scenes detected. This is a 5.		I would agree, it did sound a bit annoying. The captrure sound and analyzing sound is different, but it should lower the pitch. There should also be a priveate and shared mode. A shared mode would have a lower grade, but a private version would have a higher grade, so a 5.		So for this one, the consensus is the sound is annoying. The fact that it is a beta, its pretty good, though if I were using it everyday it needs some tuning and refinement. There was some slight lag that I would like refine a little bit more. It should also be private for you, I would give it a 6/7.		The UI could be better and the gestures/the bird sound was wierd. For those visually impaired persons, if there was a better way to improve how they interact with the system that would be good. I am not totally sure how a visually impaired person would use it, but everything else was quite good.		I agree with Manhua that the high pithched noise is a bit annpoying. I also noticed that when the app is applyedto the  environments with a lot of different subjects, the feedback can be kind of bad, and the feedback can't give too many details in this detection. This can be more improved.

				imohannad@vt.edu		jayeshvp@vt.edu		manhua@vt.edu		jingzang@vt.edu		Aghari19@vt.edu		sahanabs@vt.edu		xiangp@vt.edu



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































FG4

		Question		P1 (Muskan Gupta)		P2 (Caitlyn Sanford)		P3 (Jonah Lee)		P4 (Luke Hylton)		P5 (Morva Saaty)		P6 (Matthew)

		What is your understanding of AR?		Its computer generated, virtual immersive experiences in real life. Like you can see that or hear that in real life.		Instead of seeing what you can see with the naked eye, you are adding a layer to the real world so that you can see more with the added technology.		It shows a component from the virtual world in the real world, layered over, like a camera.		Putting a virtual layer and virtual components over the real world		AR is layering over what we can see or listen in the real world.		Bringing virtual things into the real world by virtually stimulating senses. The idea of bringing in visual inputs or audio inputs into our world, like Pokemon sitting somewhere. It has sounds and you can see something on your phone. If we find a way to stick you in a suit and make you feel something, that should be also counted as AR, even if the technology is not there yet.				Layering virtual content over the real world to perceive more information than what is present in reality. Perceiving anything that does not exist can be considered AR.

		Do you think listening to music, through loudspeakers or earphones, can be considered an example of augmented reality (audio in AR)?		Im not sure if music is AR, but if it is someting like, supose a live concert which you are listening to, and it gives you the feeling of being there while not actually being there, that would be mroe so simulating reality through audio. That also makes me wonder if talking through someone as we are doing right now is AR, at least in terms of sound. How do you define audio that is augmented and what is not?		I agree with Luke and Muskan, they should be combined rather than being a part. With live music, if I feel like I am there, that would be AR.		It is, because if you go by the definition it adds a layer to the real world, then you can still hear the outside real world with the added layer of new sound.		I would not normally consider music to be AR, as it is more of a visual stimulus, but if they were together (like with Pokemon Go), maybe that would be AR.		Yes I think it could be, because when you are listening to music and the sounds of the music are not happening in the real world, but you can still hear it, that would make it audio of AR.		It would only count if the headphones or something that other people can't hear, something that is only designed for you. The case of any recorded noise being played throgh music, compared to a person plahying the piano or screaming would be no different. It would have to be something that is only heard by the personal user and it may have to do with how the audio is being used. There should be a bit more nuance between how it is being used and what people are able to hear it in a certain given area.				No - 2; Yes - 2; Maybe -2. Yes, if only a single person can perceive the music coming from headphones or similar device, a live concert is not AAR because everyone can perceive real sound, and also because it is adding a layer of auditory information on top of the existing environmental sounds. Context driven.

		Do you think Audio AR can be a shared experience? Or can it only be considered an individual experience?		It can be a shared experience, but I don't know how. With visual experiences you can see other people doing things, but you can't hear them doing that sound. How do you make sure that you both are listening to the same sound while being in different places. With audio, that could be a little tricky to make sure that the other person is paying attention and listening to it/		I do not think so, because even if two people are in the same AR, they may not feel the exact same thing.
Even if we are just talking about things with our naked eye, we all perceive things differently, so your reality differs across the individual person and how much they enjoy it or what they see.		It could be a shared experience, like with Pokemon Go, where you can share you phone and you can both experience the same thing and sharing the experience.		Audio can be a shared experience, if multiple people could hear it at the same time. Then you can share the experience with many people.		I think it could be a shared experience, for example if my friends and I could listen to music simultaneously, that could work. Like if we all play the music together while all being in different locations, with a shared AR it would be great		Yes, auditoy AR can be a thing. I think it has a lot to do with how you use the AR. I think the difference between using audio technology vs. AR would be the intention behind said auditory inputs. If it is simply to make a sound unreated to modifying reality, like a sea shanty playing in a bar or jaunty music when riding a horse, like in a videogame. That may need GPS tracking.				No - 2; Yes - 3; Maybe - 1. Yes, if individuals in geographically different places can listen to the same auditory information. No, because even the same auditory information may not provide the same effects on two individuals. Context driven, depending on the individuals' goals can be shared AAR.

		According to you, what are the requirements for sound to be considered an application of audio augmenting your reality (AAYR)?		One aspect could be the sound making you all feel like you are together, or having that feeling of being somewhere else or being with a group of people.		I am often distracted by my visals, but if you block your vision just to deal with the audio so that you can make your own vision, that could be AR./		You want to be immersed, but for it to be AR, you have to still be able to experience the real world. This is different to simply just having a different reality.		If it has an immersion experience, that could be AR. Or if it has a visual expeirence along with it, so that it is visual and audio, that could add to the experience.		I also think that one of the main charactersistics of AR/VR is the immersion. If the audio is immersive in an environment where you can't hear other sounds, like with noise cancelling headphones, that would be great.		The differenfec betweemn VR and AR is that the Pokemon includes interaction with real world as they appear on the ground or in the "sky", vs. strapping on a headset and it is floating nevulously in a spot. If you use noise cancelling or tech like that which is used to immerse yourself in a different world, that would be transporting youself to an entirely different reality, albeit rooted on Earth rather than a fantasy world. AR needs to cooperate with real reality to enhance your experience by either having some sort of helpful thing or something stupid and silly. It would have to cooperate with the real world.				Provide sense of belonging/collectivism, audio overlap visual informationt to improve focus, immersion equal to visual AR, omit noise form environment, interaction + immersion within real world.

		Which use cases or scenarios, do you think, will benefit users the most as an application of AAYR?		As we all are working virtually, if we could hear each other or hear office sounds, or have a feeling of being together, that could be great. It could be like ambient sounds, it needs not be a headset. It may help in increasing productivity, like working in the virtual world.
Augmented audio could also be used with visual things around you. Say that you were in a museum or a historical building, it could give out some sounds to mimic the era, to feel more like you are in that zone or environment.		With music, you could create live like concerts.		Calming music to make you more productive could be great. What you listen to can change your mood and enhance how your work/what you do. So if you are working from home but you like the random office noises, if you can hear those sounds, it would immerse yourself in it, but you could stay in the real world.		Business meetings or meetings where you could have that different experience
Video games; music concerts
Military or police training could be great for use with AR.		When you want to do meditation, AR audio could enhance your experience and focus on different sounds.
Video games for sure, AR would help you immerse into the game and focus on playing.
Listening to music in a different way, like with immersive feeling of being in a concert.		Hearing aids are already some form of AR, as they increase sound. A slight modificiation would be to dampen out irrelevant noises and boost useful noises, like in a cafe, you could cut out all other people and only focus on who you are talking out. Also if a car was running towards you, the audio could kick in to warn you to get out of the way. Also, alarms could be some sort of AR, like with voice assistants where you can ask things. If you could also see these things that would be AR.
Videogames also, that would be great for the industry.				Adding keynote sounds to enhance our real soundscapes (office sounds when working from home, meditation), museum tours, virtual live concerts, video game experiences, affect modification, military+police+fire fighter training, mask or omit noise from environment, voice assistants.

		Can you discuss which users in particular might benefit the most in their respective scenarios from AAYR?		It could be useful for people who are visually impaired to be part of the whole AR experience. 		It would be helpful in education, so from the age of 5 uptil when you graduate from college. Connected to history example in prev. question.		People trying to start a new job, the job training could be done through AR, like with training to work in a factory. This could get them immersed into the factory and understandnig what it is like in that environment.
Poolice also, who can learn/practice or get them trained to their job.		It could help college students learn a lot as they learn tech fast.
It could help those visually impaired as well.		Young adults, because they tend to learn new technoogis and softwares quickly. College and grad students could use this greatly. 15-35 age range.		Those with slight hearing impaired, to help them boost sounds to expereicen the world more.
All other ideas covered.				Visually impaired (x2), education programs, factory worker trainees, military+police+fire fighters, young adults (15-35 years), hearing impaired (x1) 

		In terms of auditory displays, which is the most important aspect, with respect to human hearing, for providing information? (ego vs exo-centric display, spatialized vs non-spatialized sound, speech vs non-speech sounds, amplitude, pitch, etc)		I agree with making the sound 3D. The main thing I can think of is not just thinking of distance in 2d, but in 3d, so that the sound can come from anywhere, not just a linear distance. It could be like a sphere, and it could come from anywhere. The user should get a feeling that it is not just coming from the room.
It should be as close to sounding like real life as possible, not just sounding like it comes from a device.		To create an audio reality, you have to mimic normal everyday life. And having it inside your ears makes people associate it with headphones, which mimics everyday life.		It depends on what you are doing. For music it does not matter where it is coming from, all around you or one direction. But if you want to be immersed in a game of triainig couse, you wouldneed that 360 sound. You also would need a distance effect to for the sounds.		It would have to be that spacialized sound, so that you can make people feel that they are immersed. Adding that 3D experience can also help people visualize that sound better.		I also think it depends on the technology and the condition that you want to use it for.
Like in the gaming industry, 3D audio would be great, so that you can listen to the person that is shooting to determine where it is coming from.
For listening to music, you do not need 3D AR audio, I just need to be immersied		It depends on what you are going for. If you are going for say Pokemon Go but for an auditory experience, than then audio has to sound like its coming from whereever the creature is or where the sound should be coming from. If you are going for more of an overlay, like the visual things poping puo (notifications opoing up in glasses), it would be acceptable to be how it is now - in your head. 				Spatialization/3D virtual audio appearing to come from a real source. Immersion can vary with context.

		What form factors (hardware, such as earphones) do you imagine being used in application of AAYR? 		I agree with all the points, I do not have anything to add here.		Little drones flying around playing sounds. I think it could be a shared experience then with this type of technology, but their experiences could still differ.		Speakers could create an AR kind of sound, and would help you immerse yourself into the world around you. They could also work like pretending that you are in a specifc place, like in a jungle.		I agree with Jonah, especially with organizing the speakers to implement AR audio. A headset with speakers in the ears for audio capabilities would be great too. Or you could just add it to existing tech.		Headphones can have AR audio. If the headphines have a button to change whether you are listening to something with AR audio vs. normal, that would be a great feature to existing applications.		It can look like anything depending upon what you are doing. If you have holograms like with the Harry Potter World, you can have certain concerts where you are taking something from the virtual world and are putting it onto to the real world. You could have also something like a speaker strapped to your back to play some kinds of music depending on what you are doing.				Drones flying overhead and providing auditory information through loudspeakers, traditional speakers in the real world, headphones with AAR acitvation button. Context driven.

		Based on this discussion, how would you define AAYR?		Audio AR is something that will immerse your senses or augment your senses based on audio and help define what is infront of us or add to the audio that is currently there. It could augment/enhance our senses/sounds.		Audio AR is something that can enhance your reality and not fully change it.		It is audio that enhances you physical environment without fully seperating you from reality.		I woud say that maybe adding audio elements from a compiter generated software that could add to the real world environment, but not take away from it.		This is audio that augments the experience that you are now experiencing. It could be somehow enhancing what you are experiencing in different senses.		It is audio created by a machine to enhance you reality, whether it be adidng something from a virtual world or becoming one of your other senses, like vision.				immersion + define reality better for user, not fully change it,  not take away from it, 

		As an emerging field, what future directions do you envision for AAYR? For example, vision based AR systems  have matured for application in aircrafts and vehicles as Heads Up Displays (HUDs).

		We will now show you a taxonomy that was developed after a literature review. Please share your thoughts, comments, and suggestions on ways to improve it.		I was looking at the karaoke, so would that be like auto tune? That is sort of building upon your original audio and adding a layer on top of that.		It is great how it can track your orientation to specifically place the sound, as this could be great in a video game, like when you turn around in this kind of a virtual space. Trying to figure out how t best place sounds is iomportant.		With the athelets as users, they could benefit from this a lot. During track practice we would be able to listen to music, as that could get you hyped up, but you can't do this at a competition, like with cross country. They could definetely benefit from it in these cases		Somethuing you can add to users and use cases is teaching, espeicially with online learning. One oif the definitions is doubled, 		You can add the challenges of using it and the benefits that the users could get from each use case. How could the AR change how the users interact		The organization is a bit tricky, is everythying linked across? It was a bit odd going across it as if everything in a row was connected. I would explain that somewhere, to help people understand.				autotune - changing real sound source by modifying it so a new layer is added; teaching/education use case, challenges and benefits for each use case, interaction tehcniques, make connections between different aspects of AAR

		We will now show you a video demonstration of the  capabilities of  AAYR using a prototype device. Please rate your satisfaction of its performance on a scale of 1 to 7, where 1 is highly dissatisfied, and 7 is high satisfied. Next, please provide your thoughts and ways to improve the application.		I think that it will be very useful for someone who is visually impaired and may need some help to figure out their environment. Especially in wanting to see something like what a book may be about. I was assuming that this application will depend something based upon what a sound is, before I saw the video. The colors may be useful for someone who is color blind, like with traffic lights, and which is on. 6/7.		I thought that the tech was interesting, though it was not perfect, like when it was detecting images, like on the railroad tracks. That could be improved, but it is in its early stages. This could be great for people who need something to be read out to them. Some of this may not be tremendously helpful to many people though. I would give it a 4.5/7		I was a little confused on what was going on. 
Then yeah I did enjoy it, there were definitaly some mistakes made, it did recoginze a lot though, so that was impressive. 5 or 6/7		I thought its use cases were practical for certain groups of the population, but it may not be tremensdously helpful to everybody. It was fairly practical though. 5/7		I liked how it works, but the noise is not great, as it is unrelated to what is happening after that. Overally it is good, I would give it a 5/7.		I would say that it is very impressive for what it can do at the moment, though there is room for improvement. Given the uses for it right now, I think that it is a useful tool, the naming of colors may not be useful though. 6/7, because there is likely more you could add to it.
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Combined Data

		Questions		EI1		EI2		EI3		EI4		EI5		EI6		FG2		FG3		FG4

		What is your understanding of AR?		Overlay		Convey novel digital information. Shared experience - yes.		Visual interaction, registration, and perception of virual information in the physical space. Can be multimodal.		Digital data to understand the physical world by adding to it.		Transparency, overlay new digital or audio components integrated with reality		Enhance experience/perception of real physical space				Linkage between physical and virtual world that in interactive, adding/overlaying to existing reality		Layering virtual content over the real world to perceive more information than what is present in reality. Perceiving anything that does not exist can be considered AR.

		Do you think listening to music, through loudspeakers or earphones, can be considered an example of augmented reality (audio in AR)?		Confidently Yes		If only digital sounds and no real sounds, that is auditory VR.If real sounds audible, yes it is AAR. 		adaptation dependent may be perceiving virtual sounds as real sounds, then it is no longer AR. Hence, AR definition dependent. Have to define reality to understand what the augmentation is. Listening to music is AR? No		How music augments reality. If audio not related to reality - not related to user's immediate surroundings or user's task - not AAR. No leaning. Sonification that interpret the real world can be AR - helps understand environmnet.		Story telling aspects qualify to be AAR - sound induced experiences. Context driven YES.  Immersion can vary.		Context driven. If music actively helps in performing a primary task, YES. Electric guitar sound in person is not AAR - not augmenting anything.		Localization, add to existing environmental sounds		No - 3; Maybe - 2; Yes - 2. Simply listening to music through traditional two channel output is not AAR. However, if there was some form of interaction possible using the real world, or if the sound was spatialized effectively allowing for enhanced immersion it could be considered AAR.		No - 2; Yes - 2; Maybe -2. Yes, if only a single person can perceive the music coming from headphones or similar device, a live concert is not AAR because everyone can perceive real sound, and also because it is adding a layer of auditory information on top of the existing environmental sounds. Context driven.		YES: 8; NO: 7; MAYBE: 4		Audio should supplement, not completely block outside audio. 

		According to you, what are the requirements for sound to be considered an application of audio augmenting your reality (AAYR)?				Any digital audio is AAR - but real sounds have to be audible.		Registration and interaction with physical world. Context dependent. User goal or task dependent. 				Spatialization to denote location of source. Navigation purposes. Stream segregation to distinguish sounds over natural environment. Unobtrusive.		Unique layered display of auditory information that adds to what is already there. Has to be meaninfully enhanced. 				No - 1; Maybe - 3; Yes - 3. It can be shared if people are receiving the same information, but it will depend on the individual's task. Could also depend on the form factor used to provide AAR, if it is strictly personal devices, it might not be a shared experience.		No - 2; Yes - 3; Maybe - 1. Yes, if individuals in geographically different places can listen to the same auditory information. No, because even the same auditory information may not provide the same effects on two individuals. Context driven, depending on the individuals' goals can be shared AAR.				Transform real sounds (noise) to something pleasant (signal). In between augmenting and diminishing reality. 

		Which use cases or scenarios, do you think, will benefit users the most as an application of AAYR?		Haptic feedback can be consdiered AAR. Lower than 20 Hz can be felt, but not heard. Dependent on user task.		AR can use all senses. Audio can fill gaps due to sensory inconsistencies.		Visually impaired individuals, use audio to extend their percepetions. Multimodal AR for training purposes, embodiment of virtual information.		Visually impaired. Visually distracted (driving) - multiple resource theory. Sonify physical elements such as friction coefficient into audio to understand environemnt better- AAR.		Navigation, search operations, entertainment - games, militray training purposes, over ears for finding things.		Assistive technology - navigation, rehabilitation. Education - enhance remote learning, shared classrooms. Entertainment - music, games, movies.		Hearing disability, entertainment purposes, isolation for focusing on primary task (reduction of environmental noise), audio aided GPS navigation using HUD (complement the visuals)		Interaction between virtual and physical, hardware capabilities, virtual sound is the primary sound and real sounds are part of the soundscape, context driven.		Provide sense of belonging/collectivism, audio overlap visual informationt to improve focus, immersion equal to visual AR, omit noise from environment, interaction + immersion within real world.

		Can you discuss which users in particular might benefit the most in their respective scenarios from AAYR?		Could be everyone, even deaf persons.		Those with hearing loss won't benefit from AAR. Present information when necessary. Temporally scalable use cases.		Those with limited vision or other modalities. Aural AR concerts in a physical space. Entertainment use cases for users in everyday life. Everyone can benefit to an extent depending on context or use case.		Users whos visual channel is occupied. Context driven - constraints of visual perception. Better perception of quantity through sonification than visualization.		Viusally intensive tasks benefit from auditory channel, offload certain workload. All entertainment purposes. Visually impaired, search operations.		Age based users. Experience based users. Controlled exposures to avoid becoming overwhelming.		Entertainment industry, teenagers, older users		Recreational acitivies such as going to a museum, aquarium, zoos/safaris, spatilaized audio in movie theaters, Zoom meetings, music production, VR applications; adding additional environmental sounds to improve SA. 		Adding keynote sounds to enhance our real soundscapes (office sounds when working from home, meditation), museum tours, virtual live concerts, video game experiences, affect modification, military+police+fire fighter training, mask or omit noise from environment, voice assistants.

		In terms of auditory displays, which is the most important aspect, with respect to human hearing, for providing information? (ego vs exo-centric display, spatialized vs non-spatialized sound, speech vs non-speech sounds, amplitude, pitch, etc)		Demographic dependent. Personal choices.		Same principles of audio displays apply to AAR.		Scenario or context dependent. User need dependent.		Audio spatialization through head tracking and head related transfer functions. Place audio source anywhere aside from left and right of user (stereo sound)		Representativeness of auditory cues to minimize mental workload, latency issues for immersion, reduce any nausea. Work in tandem with natural environment and people. Spatialization to easily distinguish sounds.		Convincing spatial display and interaction. Increased immersion.  Depends on the needs of the experience. Acceptable enough HRTFs and room acoustics so user do not immediately reject the image. Virtual space and real space should not completely contradict each other - unsolved.		Spatialization for localization, transparency (compare elements of visual and auditory display - have similar and distinctive mapping between the elements) Example: temporal quality. fading sounds, blend with environemnt.		Visual (x4), auditory (x2) impaired individuals, youth (x1). Visually intensive tasks.		Visually impaired (x2), education programs, factory worker trainees, military+police+fire fighters, young adults (15-35 years), hearing impaired (x1) 

		What form factors (hardware, such as earphones) do you imagine being used in application of AAR? 		Demographic and context dependent. Goal relevant.		When required, the auditory information can become part of the environmental sounds as a shared experience, but otherwise remain accessible to individuals that need it. Consider comfort and function trade offs.		Bone conduction, lightweight, auditory implants in the human body		Smaller, simpler. Understand environment. Separated instruments for tracking, sensing, displaying.		Headphones inside ear or around ear to remain aware of outside environment. Bone conduction earphones but with better localization features; current BC are not good with exernalization or elevation 		Bone conduction and Open back headphones (allows to real noise in in a natural manner). Feedback loop in shared environment since real world is altered. Binaural loud speakers in real world is AAR; the speakers can dominate real sounds in a small space though. Virtual sources can be more or less spread out based on speaker locations. Virtual and physical perspectives/images must match for satisfactory AAR experiences.		Least noticeable, small. Time frame after which AR audio becomes ambient audio to ensure audio does not dissipate.		Spatialization (x2), intensity (x2) and temporal variation, environmental preferrably with seamless interaction,  minimal hardware (x3)		Spatialization/3D virtual audio appearing to come from a real source. Immersion can vary with context.

		Based on this discussion, how would you define AAYR?		interactive sonification related. action means user task?								AAR is not hardware focused, unlike visual AR. Provide diff sense in conjuction with the real world. Any audio that does not interefere much and perceive some other information.		Meaningful enhancement of the sounds of a physical spce by adding virtual information		Indistinguishable between digital and real source, enhanced communication channels, entertainment purposes (games, movies, music), natural voice agents, military training and simulations, increased sensation of otherwise dull activities (driving), increased situation awareness (detect sirens and alarms)		seamless interaction, unnoticeable hardware, unnoticeable latency issues, improved battery life, combine with existing hardware such as glasses.		Drones flying overhead and providing auditory information through loudspeakers, traditional speakers in the real world, headphones with AAR acitvation button. Context driven.

		As an emerging field, what future directions do you envision for AAR? For example, vision based AR systems  have matured for application in aircrafts and vehicles as Heads Up Displays (HUDs).		is sound feedback or instruction? can define is some sound is AR or no. but according to him, all sounds are AR. The turn signal here is for the driver; other drivers don't hear the sound, only see the visual stimulus (orange turn signal). so it is reminder/feedback.														used with visual AR, make primary task easier, assist/enhhance experiences, social interaction.		immersion + define reality better for user, not fully change it,  not take away from it, 

		We will now show you a taxonomy that was developed after a literature review. Please share your thoughts, comments, and suggestions on ways to improve it.		Providing audio cues to only those who need it, for day to day use. Perceived reality - diminishing reality, noise masking. Healthcare sonification papers - trimlab MS students. cite previous driving related papers. Tim Zimmer audio games. Autism, dyslexic individual benefit from AAR. Blended sonification - thomas harman, ICAD. Working memory analogy - work with 2-4 bits of information at a time; accuracy drops with auditory information - requires training.		Loudpseaker sound is AAR - yes. Removing certains environment sounds is AAR - yes. Have a high level taxonomy as well as a detail level taxonomy (hierarchical)		Physical reality registration. Animating physical objects with sounds - not AR? Separate Training and Education use cases. Location based audio spatialization - understand how sound would behave in a specific location. Add entertainment use cases - selective concert goers - those not interested can choose an individual different audio display. Individual AAR is good but should not hinder ability to communicate with others in the immediate physical world, if not in a better way. AAR should not create individualized echo chambers - social collaboration must exist. Equity issue between those with access and those without.		Hierarchical taxonomy. Electric guitar sound - not AAR. 				Mulitple layers of audio. Categorize based on complexity and context with primary task. Consider temporal aspect of layers since all layers are not available at the same time. Interaction dependent, complexity and context of sounds.		Athletes like rowers, cyclists, swimmers, aerobics, rehabilitation, provide feedback based on their actions to provide rhythm, sonification of their motion - training purposes. 

		We will now show you a video demonstration of the  capabilities of  AAR using a prototype device. Please rate your satisfaction of its performance on a scale of 1 to 7, where 1 is highly dissatisfied, and 7 is high satisfied. Next, please provide your thoughts and ways to improve the application.												Prioritize hardware based on use case. Removing sounds not AAR.		use score's mean, sd, median. keyword frequency. use specific number when reporting results in paper.		virtual and real sounds should not interfere. link users to form factors and rank them, provide scenario/context/use case		autotune - changing real sound source by modifying it so a new layer is added (transformation); teaching/education use case, challenges and benefits for each use case, interaction tehcniques, make connections between different aspects of AAR







Image

		Digital data to understand the physical world by adding to it.		Transparency, overlay new digital or audio components integrated with reality		Enhance experience/perception of real physical space

		How music augments reality. If audio not related to reality - not related to user's immediate surroundings or user's task - not AAR. No leaning. Sonification that interpret the real world can be AR - helps understand environmnet.		Story telling aspects qualify to be AAR - sound induced experiences. Context driven YES.  Immersion can vary.		Context driven. If music actively helps in performing a primary task, YES. Electric guitar sound in person is not AAR - not augmenting anything.

		Registration and interaction with physical world. Context dependent. User goal or task dependent. 		Spatialization to denote location of source. Navigation purposes. Stream segregation to distinguish sounds over natural environment. Unobtrusive.		Unique layered display of auditory information that adds to what is already there. Has to be meaningfully enhanced. 





Combined Data II

		QUESTION		E1		E2		E3		E4		E5		E6		FG2		FG3		FG4

		What is your understanding of AR?		AR is, if we think of MR being in between, then AR is augmenting the real world and that we are overlaying onto the physical world. Weve been doing it for arguably 1000s, or 10000s of years. If someones read a story to you, then you've experienced AR. So too through music, the radio, podcasts. It is continued through your phone, where you visualize through that.		Using some computer or form of digital something to convey information over the world that wouldn't be there without it. Could be as simple as showing the line of scrimage in a football game. Anything thats giving more informtion than without the display.
Could your def lead to shared exp? It could, as with something like visual with TV. I have a very visual skew when it comes to AR technology. Obviously sound can be a shared experience.		Immersion of virtual and physical stuff together. My view has changed as time goes by, like 12 years ago when I first started my research in AR, I read a paper that defined AR, and thought of it as more of a visual interaction type thing. The registration part was important, how the virtual was regestered in the physical space. But with audio and other perceptory parts, I feel like its more than just the visual aspect, like with audio and haptic. I am trying to see this terminology in a more broader sense these days than when before.		AR is using computers to understand the surroundings; understand the actual/real world environment. Based on its understanding, it is using compuyting to add something to it, like technology. Computers understanding the environment and mixing audio/virtual information with the real world.		AR to me is reality perceieved often through a transparent glass, a reality that allows you to overlay either digital or audio components that is not already there, bt overlayed on the natural environment, but not in a way to not be able to perceive the natural environment. It sort of integrates with the environment.		AR is a method of enhancing one's perception of the surrounding environment. Its a way to enhance ones experience in a real physical space.		Its like taking visuals and placing them in the area around you. In VR, you completely change you outide vision, while in AR, you add things to that vision. AR is like a popup/a more advanced version. VR is a more actual world, like a 3D version of it. AR is similar to VR, but not the full simulation.		AR is there for some sort of likage between the phisical and virtual world. Having some kidn of reaction that is virtual in soms ense but is interactivce in a physical sense. The name suggests that you are adding to the existing reality and trying to create different experiences. For example, like Pokemon Go would count as AR. This could be done either with software or hardware implementations/. For me, AR is something that is virtual but laid on reality. For example, something with a display could br AR, and some games as well. There are also some cases, where someone created video games in their own house, where they play though some glasses. AR is combins virtual things with reality, like with the heads up display in a car, which has a live map. The screen has a camera that shows a live map in front of you to make directions easier. AR is something between a reality and a VR, because you are in your real world, but the headset overlays a virtual screen for you to interact with. You are in a sense transported to a virtual world in real life. AR is when you are trying to augmented reality or overlay reality with images or something to change that reality. AR is using technical method to combine some special method to the reality in order to help people see and hear differently.		Its computer generated, virtual immersive experiences in real life. Like you can see that or hear that in real life. Instead of seeing what you can see with the naked eye, you are adding a layer to the real world so that you can see more with the added technology. It shows a component from the virtual world in the real world, layered over, like a camera. Putting a virtual layer and virtual components over the real world. AR is layering over what we can see or listen in the real world.Bringing virtual things into the real world by virtually stimulating senses. The idea of bringing in visual inputs or audio inputs into our world, like Pokemon sitting somewhere. It has sounds and you can see something on your phone. If we find a way to stick you in a suit and make you feel something, that should be also counted as AR, even if the technology is not there yet.

		Do you think listening to music, through loudspeakers or earphones, can be considered an example of augmented reality (audio in AR)?		Yes.		I dont think theres a split between AR and VR, theres a split from totally real and totally virtual.If I completely block out all of my sound and am listening to music, I would call that a form of VR for audio. For it to be AR, I would need to hear the outside and inside, the birds chirping and the digital world.		Its interesting, yeah it really depends on how you define AR, but right now, to me AR is more like an adaptation where people have already gotten more use to it. Its already my reality, I can listen to your voice through my headset. Maybe 100 years ago if we coined that technology, when we first invented that music system on technology, then maybe we should consider it AR at the time. But right now its difficult to say, because it is part of my reality. "Every time I present my research to the audience, I always try to present what the reality is, which is baed on my experiene. AR is enhancing my experience, like with this video call right now. Reality has been changed to me, and my perception of reality has changed, and this AR technology are just the tools to change/enhance our reality.
		Yes, I think its a very interesting area. A lot of AR systems are things that we visually see, like seeing some real world objects and using your phones, which gives you a measurement for those objects. But it does not just have to be visual, we listen to these surroundings. It depends on how it augments the reality. If you are just listning to some music or guidance, that is not really related to the reality, so it isn't AR. But if it is related to reality, for example Microsoft did a project about mixing audio information/sound with navigation system for visually impaired people (if you need to be at some place, you use spatial audio to help for navigation), it is difficult to say if it is really augmenting reality. There is another paper about wearing a helmet for bikers. The helmet has a camera which will see the camera and what you are approaching and will play some music/sound that is directly related to the distance, speed, object that is near the biker. 

		I think about that some times too, sometimes I like to listen to musicals, and I remember once driving with a friend and we felt like we were watching something. As we were listening we were making a world inside of your head that you perceive. Listening to things that have a story component could be considered AR. I can just hear a song from some play and be transported to that sound, even when just listening to that sound. "A: you said you passenger was almost immersed, while you were driving, correct? In this case your passengers have the primary focus of the song, but your primary task or goal is to drive safetly, do you think there is a distinction between categorizing your experience vs. your passengers in terms of which is and isn't AAYR.

		It depends on the context. I think that if you are listening in a passive situation (riding a bus and listning to music), then those two events are so dissasociated it is not an AR experience. Say youre listening to music while cleaning up in your house actively, those two things make your work more fun, so it does fall within the event of augmenting your reality. "//Shared vs. Personal Experiences
I fail to see at this point the benefit of a shared AR experience. I see the benefit in a VR environment, and I consider the audio a shared experience possibly. But for AR? I lean towards no from a personal experience. I haven't thought about it much?

		Potentially through speakers yes, but not through headphones. It depends on where the sound is coming (like with speakers to determine where sound is coming from, localize the source). 
What is the media has spacialization? 
I think that is possible to get in ear headphones to that level, I am not sure if the technology is at that point. It is still to limited, it kind of localizes at this point (no up/down). "I'm not sure how those examples can be translated into AR.
If you could hear it in all directions, that would be AR." "Follows on with Matthew. Headphones makes you more in the simulation, feels like you are really ""in it"".
Spacialization Q: Headphones aren't quite there yet, not quite as good as speakers."		Im not sure, I would say that more AR involves some sort of interaction with something connected between the virtual and physical. So music listening would not be the first thing that comes to my mind./ I would say that tehcnicially it is a format of AR, a good example would be the virtual haircut sound, such that you can feel the experience of what a sciessor/barbor is around you. This could count as an AR format. It fepends on whos experiencing it/. It depends, to some degree if there is a virtual aspect added to that I would count that as AR. And for music, if it could have some localization or left sound channel, that would also count. If it is just plain music, then probably not. Considering the AR term, audio AR would be asong that relates virtual sound with real world sounds (outside). As far as I know, the environmental frejdnly vehicle is mostly powered by electricity, and when it starts the engine does not have much sound, this has a tradeoff. Without sound can feel differently to the driver than with the sound, so in the future we could emmulate this sound in order to have opeople feel a feeling of starting the engine/car. 		Im not sure if music is AR, but if it is someting like, supose a live concert which you are listening to, and it gives you the feeling of being there while not actually being there, that would be mroe so simulating reality through audio. That also makes me wonder if talking through someone as we are doing right now is AR, at least in terms of sound. How do you define audio that is augmented and what is not? I agree with Luke and Muskan, they should be combined rather than being a part. With live music, if I feel like I am there, that would be AR. It is, because if you go by the definition it adds a layer to the real world, then you can still hear the outside real world with the added layer of new sound. I would not normally consider music to be AR, as it is more of a visual stimulus, but if they were together (like with Pokemon Go), maybe that would be AR. Yes I think it could be, because when you are listening to music and the sounds of the music are not happening in the real world, but you can still hear it, that would make it audio of AR. 

								There is a researcher in U Penn, Computer Graphics Professor Normal Bedlan, paper is from the late 90s or early 00's, he mentioned that our generationmight be the last that distinguishes between the real and virtual world. But, who knows? Howe we define AR may change in the future, it could just become reality, where we dont have a difference in virtual and physical space."		Sonification can help you understand the surroundings. So we have computer interpreted sound. "Mentioned about how sound should be related to reality/persons task:Assume that you are in VR, then what you are seeing is all virtual, there is nothing physical. If you are seeing both the physical and virtual world, that is AR. So it is kind of a mix of the two. I think the same goes for AAR, if you are wearing headphones, you are blocking other sound, then you can only hear what the system is playing. You can also map the sound to some place, where some movements can be directly mapped to that. If you can still listen to the environment and what people are saying and if the computer is also generating some audio that is related to the physical environment, then that would be AAR."		K: I think that can both be consideered AAYR, but I am the person with the split attention, Im not as immersed as I otherwise would be. It should not distract from the actual environment, whether I focus on it is my decision, but it is still displayed so how much I pick up on it is my choice."		A: Does listening to an electric guitar in the same room shared audio AR? I mean a collective listening experience, we experience that every day. I don't see the augmented part of the experience in that situation. How would listening to a concert be an augmented experience? A: The sound is produced in a way digitally and it is overlayed on top of your immediate phyiscal environment. I am not sure if it should or shouldn't be.Yeah I would not consider that an AR. I would still need an audio layer on top of this guitar to consider it an audio experience. My definition is a bit more restricted in this sense."				This seems like audio AR to me. By augmenting audio on surrounding noises you would be doing AR, like with Noise cancellling, that would be some sort of audio, as it takes out white noise and consistent noise. Standard headphones, maybe not. Jusyt listening to music is probably not AR, you would need some sort of blend in the reality for it to be considered AR. It would count as AR, because these daus the headsets develop very quickly and there are  alot of improvements based upon the number of channels. The focus is to make the sound real, so the main focus would be trying to recover the effect that they want to achieve in the best way, to make people feel like they are in the actual environment. As if you were in an actual concert, etc. Currently the technology has a lot of disadvantages and a lot will need to be improved.		It would only count if the headphones or something that other people can't hear, something that is only designed for you. The case of any recorded noise being played throgh music, compared to a person plahying the piano or screaming would be no different. It would have to be something that is only heard by the personal user and it may have to do with how the audio is being used. There should be a bit more nuance between how it is being used and what people are able to hear it in a certain given area.

		Do you think Audio AR can be a shared experience? Or can it only be considered an individual experience?																Definately, like with 2 players plaing a game. Tow people are sharing the same AR medium and would be sharing the expeirence. It can be shared, like if you were talking to some kind of voice assistant. So mylitple people could talk to it at the same time to solve some task.It can be, but it depends on the tasks. If they have somegthing interactive that they can share among two or more people that also involves sound, that could be a shared epxerience, but if it is something that someone want sto enjoy themsleves, it could be single. It is possible to make a shared experience, like with dancing together or playing some games together or just in sharing some audio. Most AR does not have heads up equipment, so it would be shared. It can be private with the single headphones, but without it coul be sahred. I do not thing so, because I agree with Jing. Considerfing that Audio AR is personal, like with headphones, it can't be shared/. This technology can be seen as indivudual and shared experience, like with gaming. They can be shared. Some example would be like giving a alecture to a group of stduents with an evolved form of AR. Like you are trying to duplicate a single environemnt to multiple individuals. They are recieveing teh same information at the same time		It can be a shared experience, but I don't know how. With visual experiences you can see other people doing things, but you can't hear them doing that sound. How do you make sure that you both are listening to the same sound while being in different places. With audio, that could be a little tricky to make sure that the other person is paying attention and listening to it. "I do not think so, because even if two people are in the same AR, they may not feel the exact same thing. Even if we are just talking about things with our naked eye, we all perceive things differently, so your reality differs across the individual person and how much they enjoy it or what they see." It could be a shared experience, like with Pokemon Go, where you can share you phone and you can both experience the same thing and sharing the experience. Audio can be a shared experience, if multiple people could hear it at the same time. Then you can share the experience with many people. I think it could be a shared experience, for example if my friends and I could listen to music simultaneously, that could work. Like if we all play the music together while all being in different locations, with a shared AR it would be great. Yes, auditoy AR can be a thing. I think it has a lot to do with how you use the AR. I think the difference between using audio technology vs. AR would be the intention behind said auditory inputs. If it is simply to make a sound unreated to modifying reality, like a sea shanty playing in a bar or jaunty music when riding a horse, like in a videogame. That may need GPS tracking.

		According to you, what are the requirements for sound to be considered an application of audio augmenting your reality (AAYR)?				A synthetic representation of audio sound in some format that is portrayed to the person. Im assuming AR means you are letting some things through, depending on how you see that spectrum. Could just be watching the TV, as thats kind of a form of AR for sound. It is giving you more information and it is digital.		Going back to the definition we mentioned in the AR literature, onr of the things is the registration in that physical environment and the interactivity. To me the AR with the physical environment should consider the real aspect. To me if I want to call the AR at the stage of the current tech, it depends on the scenario or context that I have. On top of this context, I am doing a tast, so I can extend my experience related to this context, then I would call it AR related to the modality.		Already touched upon this.		Having direction, a spatial component for AAYR, because often times the things we are trying to portray have a natural location or an implied location in space. Theres one project thats a sort of navigation system, where you put in a lcoation on Google Maps and will ping in a certain direction to show how close/far you are. A lot of the projects I use for AAYR has a directional component, because number one stream segregation, so that people can split up the sounds in their environment. For safety a person needs to be conscious of their outside world, we don't do that, but it is probably really necessary. It is unobtrusive and has a spatial component, and its also able to be detected over the normal noise that happens in an environment, something that allows it to be heard.		We need layers of audio that is coming into the physical space that doesn't necessarily belong in that space. I want to augment the experience, I want to have this audio give me more information or more context for what is exactly happening there. In your case, I would not consider a physical guitar or a flute playing on top of that guitar AR, because I would not consider that a meaningful experience. I want my experience to be enhanced in a meaningful wayk, so that I get more information about what's going on: me and maybe not next to the person next to me.		You need to be able to directionalize the sound. At a minimum, at least 5 different zones that can be chanelled to make the sound different = up/down/left/right/center.
You need to add in some elements of what is oustide around you. If you are fully replacint the audio around you, that would not be AR, because you are cutting it out and replacing it. They need to be together, simulated and real audio. "Agrees with Matthew.
Depending on what kind of music you are listening to, AR could help you experience the music better." Agrees with Matthew.		The requirements for AAR are the same for any type of AR, it needs to have some kind of interaction with the real world and virtual world. Although this will contain a lot of visual components, audio components can further augment this experience. Hardware requirements are a must, you need those components to bring those features to reality, or to AR. They could exist without virtual effects, so you could use audio effects instead, but the hardware components are a must. Based on the definiton of AR, there needs to be something both virtual and in our real life, plus with audio. I personally would love to have a visual type thing if there was that audio capability. But it also depends on the person who can experience something that is not only visual. Needs to have virtual component and reality aspect. Different types/aspects of sound can appear in both section, like with vibration which could also be emulated. First AR has to contain reality in someway, and the augmented audio part means it has some relation to the real world but is virtual. You can combine these in differfent ways. You have an understanding of the surrounding and you aigment it with something. So you must be able to hear what is arround you, and the tone that you pick up could be the augmented one that is being overalyed by the system. 		One aspect could be the sound making you all feel like you are together, or having that feeling of being somewhere else or being with a group of people. I am often distracted by my visals, but if you block your vision just to deal with the audio so that you can make your own vision, that could be AR. You want to be immersed, but for it to be AR, you have to still be able to experience the real world. This is different to simply just having a different reality. If it has an immersion experience, that could be AR. Or if it has a visual expeirence along with it, so that it is visual and audio, that could add to the experience. I also think that one of the main charactersistics of AR/VR is the immersion. If the audio is immersive in an environment where you can't hear other sounds, like with noise cancelling headphones, that would be great. The differenfec betweemn VR and AR is that the Pokemon includes interaction with real world as they appear on the ground or in the "sky", vs. strapping on a headset and it is floating nevulously in a spot. If you use noise cancelling or tech like that which is used to immerse yourself in a different world, that would be transporting youself to an entirely different reality, albeit rooted on Earth rather than a fantasy world. AR needs to cooperate with real reality to enhance your experience by either having some sort of helpful thing or something stupid and silly. It would have to cooperate with the real world.

																		The augmentation is what you hear mostly. The audio is not AR on its own. SO it depends on the context or space. I would like to have a sensation. Are they enhancing my reality just with the audio. Good hardware. To make people believe what they see is real, you need good tech.

		Which use cases or scenarios, do you think, will benefit users the most as an application of AAYR?		Every scenario I am working on (hospital, entertainment, interaction, ...) applies. There isn't a scenario that does not benefit from Audio AR, even those that are deaf.
For the deaf - there is no such thing as completely deaf. It's more a case of where the frequencies/perception become more inefficient such that they can't experience it. They can still feel the physical vibrations, and you can use loudspearkers has haptic devices. I am working on a system for those who are deaf to edit podcasts? so we need to change the pitch into a haptic range so that they can feel the haptic range.
There isn't a scenario it does not apply to.		When I think about the entire experience of that spectrum from reality to virtuality, and how do we make it more rich? Or better? Ive been thinking about blending across virtualities, so that you can play music, or you can add information on to the real world (ex: ask Alexa to explain a recipe). For AR, the real benefit is that mixing of adding additional information across all of the senses. And theres power to that, because our brain views the world in blocks, so we could trick the brain and help make it think differently. Think haptic cues around the wrist, where when you add a visual graphic of a ball rolling on your wrist, you could feel that. We can make up for inabilities in tech with audio to fill those gaps.		Related to the concept I mentioned and the user's experience, each user may have a different expeirence and perception of reality. AR, especailly related to the audio, many researchers have looked into the audio effect for the visually impaired. For their experience, they cannot really see, but through the aural feedback, they can extend their feedback on top of the real data. They can now process more. That is certainly an AR.
Also even with the AR if the user can only see the visual stimuli, that could be one scenario for the training. What we develop is mostly based on a combo of visual and aural senses together. So AR that combines these two data could be considered AR. When I talk to a virtual human in front of me, not only am I seeing them, but I am talking to a virtual agent, and that case is plausible and I can extend my virtual communication through that agent.		First, not everyone can see visual feedback, some are visually impaired. They should be able to take advantage of computing to enhance their lives. For those who are visually impaired, AAR can be really helpful. Sometimes you can't really afford to use your visual attention, like when driving. They should be used in  a very safe way, because you have to keep attention on the road, and in these cases AAR can be great. EX: if you are driving what you are seeing can be just reality, and this is the most imrpotant thing, because you have to focus. Audio is less important because people close their windows and just listen to music, but then it could be important. Maybe teh computer can intrepret the road conditions and sonify it in some way. Convert the friction coefficient of the road to sound.		Any sort of navigation, search, theres also fun as well. Some students made a Pokemon Go type game but only with audio. There is an entertainment aspect that sounds really cool, some could be serious, like for training. Overlaying actual fields with combat for a soldier to practice. Also orienting or finding a way point where everyone needs to meet up. I feel like sound is best over ears for finding things. "A: You know how Apple's AirTags allow you to navigate towards a missing object with a beeping, is that AAYR?

K: Yes, because it is helping you achieve some task and the audio is not of the natural world, and you are percieving it with your senses."		I would consider assistive technologies benefitting from technology, for example any navigation technologies or rehabilitation or anything that falls within this category would rely on this technology. Education: you can enhance remote education scenarios with augmented reality. You can bring your classroom or a new environment with a virtual teacher or student into your reality. You can create a shared classroom space for those who are far apart. And this is important for enhancing your experience. I also see a benefit to the gaming/entertainment industry a lot. Not necessarily just music, but also gaming, movies, etc. Also adding the visual experience. "//Would deaf people benefit from audio AR?

		Hearing aids, could be helpful there, to spacialize that would be effective.
For entertainment purposes, could be great. Sit at computer and watch concert, but audio would be a bit different. "Using it in the metaverse.
When you are working on a project with a lot of noises, it could be used for singling out certain sounds." "Something with GPS, kind of already narrated, but if there was a technology to project something onto the glass in front of you (heads up display). Implement sound into this case, it would make it easier.
Add a surround sound aspect."		Retelling a story or some part of history and having that AR and audio part come in. Like with a battle, with its visual and audio components. That would give a fully immersive experience. The voice notes in the zoo, that would enhance your excpeirence of reality by helping you learn more. The audio aid to the visual component will help. It would be great if I was walking in some great place (like the aquatic center./aquarium), and you can hear something from headsets/bone conduction headphones that tell me a lot about these creatures or mimics their sound, that would augment my experience. Contents like with cars. If the mysic can contain something wit hthe outside, so people listening to the music can still understand what is going on outside, but will also give feedback to the driver as they drive. "Movie theaters. When you are watching a movie, audio AR could be good.
Online meetings with Zoom to make you feel like you are actually there." "Music industry, people who can come up with creative stuiff in the music spacve.
The classroom environment to make it more interactive. To make more creative" Videogames and the metaverse would involve AR. Social activities like presentations too.		As we all are working virtually, if we could hear each other or hear office sounds, or have a feeling of being together, that could be great. It could be like ambient sounds, it needs not be a headset. It may help in increasing productivity, like working in the virtual world.
Augmented audio could also be used with visual things around you. Say that you were in a museum or a historical building, it could give out some sounds to mimic the era, to feel more like you are in that zone or environment. With music, you could create live like concerts. Calming music to make you more productive could be great. What you listen to can change your mood and enhance how your work/what you do. So if you are working from home but you like the random office noises, if you can hear those sounds, it would immerse yourself in it, but you could stay in the real world. "Business meetings or meetings where you could have that different experience. Video games; music concerts. Military or police training could be great for use with AR." "When you want to do meditation, AR audio could enhance your experience and focus on different sounds.
Video games for sure, AR would help you immerse into the game and focus on playing.
Listening to music in a different way, like with immersive feeling of being in a concert." "Hearing aids are already some form of AR, as they increase sound.

														I would say, surprisingly, yes, because sound is not necessarily only the experience that we are having in our mind, it also has a tactile vibrationalsense to it. I am proposing a project around that concept right now: I think what we consider AAR in terms of deaf people, or reduced hearing capabilities persons, I think that using the necessary devices you can have those people augment and enhance their experience of the environment with vibro tactile information."						 A slight modificiation would be to dampen out irrelevant noises and boost useful noises, like in a cafe, you could cut out all other people and only focus on who you are talking out. Also if a car was running towards you, the audio could kick in to warn you to get out of the way. Also, alarms could be some sort of AR, like with voice assistants where you can ask things. If you could also see these things that would be AR. Videogames also, that would be great for the industry."

		Can you discuss which users in particular might benefit the most in their respective scenarios from AAYR?				It depends on the applications itself. My theory is that we don't totally understand what it could be, because we don't have it yet. It really does depend and we wont understand it until later, but I'm not sure when is later?
Which users find visual AR helpful? I would give a similar answer, though for example people who are hard of hearing many not benefit from AAYR. Its kind of like looking at disability in phases, because you could have it for a lifetime, a season, or a moment. Thinking of this in AAYR, I may have some limitations like not wearing my contacts in the morning, so AAYR could be great there. Or with a degenerative eye disease, which could be a season or a lifetime. Thats underselling it still, because it makes audio seem like its only good if something else is failing. Theres probably more intstances where audio is important that I am not considering.		As I said before those particular groups who don't have ability to see or limited to other modalities, sensory modalitites. Also if they cannot really hear well, and if we can somehow emphasize the magnitude of the sounds. These days a lot of entertainment industries have VR show in the metaverse or virtual reality showroom, where they can have like a concert for example. In the AR space, you can have that aural space for AR concerts in a physical space. That kind of audience would benefit from aural AR. In daily life, people can use this audio based AR, if I need to specify the application areas, then I would say entertainment. We can extend the use cases, but I don't think thers a particular group, rather general users.		Imagine youre having a conversation with someone else. When Google Glass first came out, when notifications were displayed, you can't just read it, you have to mobe your gaze to that notification part to read it. In that case, your eye is not just a sensor but also a channel to keep your eyes engaged. In those cases, having audio feedback may be helpful. If you cant really divert your physical attention, it can be helpful. If the user is working in the area of making many human contacts, then it can be useful. "I think it is all about characterisstics of the situation, of the context. All of these things are constraints that could be permanent, and they all have their own characteristics. AAR can be helpful if that context has some constraints related to the visual perspective. 		People who perhaps have a lot of visial things to focus on and need an audio channel that can be different to or add onto the visual things they are looking at. It could help with offloading some work. For the entertainment, just about anybody. Yeah, people with visual impairments would find this helpful as well, to help them locate things. There would also, then, need to be something to help them navigate around obstacles.		Any user of those previous sets would count: students, gamers, deaf people, etc. If we divide users in a different way, I would think age wise, which is different that what we would expect. Because this is something that takes time to get used to, as to not be overwhelming, if this is a route that we are going towards, people who are younger agedf will benefit more if they get used to it and it becomes a way of dealing with it without it becoming overwheling, but simply the norm, like another way of reading the news. If we could be exposed in a controlled way that would be good, as it is kind of overwhelming.		Entertainment
Anyone with a hearing aid
Goes very much in hand with VR, both should have a very spacial aspect to it. VR for games, you are replacing noise, AR has same technology, but you can also hear what is arround you. Anyone who uses entertainment, who has to use it for work. "Teenagers, because we would be the ones using it.
The older generation, would be more interactive so that they could visualize it more. Add another sense to make audio better."		People with disabilities would have the most abenefit with this. Integrate AAR with critical applications can help them become more independent. Also fir those looking for unique entertaiment. People with disabilities related to audio may get the most benefit. Build a layout for them of getting through some parts of an area or city, and you could coordinate wth public tranpsport. Voice assistant could help here. Those who have visual impairment, temporarily or permanently. Those with those disabiolities or people whose visual capabilities are occupied by other tasks can enhacne their curfrent epxerience with AAR. For those doing visual tasks, because they visual tunnel could be closed, but their audio tunnel is open. So AAR could help with those tasks. "Visual impared folks, so that they have an additional layer of sensory to navitage around something. A lot of Youtube content creators could use it to make their videos more attaractive/appealing to viewers."		It could be useful for people who are visually impaired to be part of the whole AR experience. It would be helpful in education, so from the age of 5 uptil when you graduate from college. Connected to history example in prev. question. "People trying to start a new job, the job training could be done through AR, like with training to work in a factory. This could get them immersed into the factory and understandnig what it is like in that environment.
Poolice also, who can learn/practice or get them trained to their job." "It could help college students learn a lot as they learn tech fast.
It could help those visually impaired as well." Young adults, because they tend to learn new technoogis and softwares quickly. College and grad students could use this greatly. 15-35 age range. "Those with slight hearing impaired, to help them boost sounds to expereicen the world more.
All other ideas covered."

										Not being able to see or use the visual feedback is kind of the limitation, because you can use the audio feedback then. It can work better rather than just visual feedback just not being available. Maybe if the property that you are trying to sonfy can be better in audio that visual. If there is something that is more directly correlated with what happens in sound, then maybe those can be good application areas/"								The youth, and the people who are young. Those who listen to muisc or watch movies and could get into this technology. IT could benefit most other age groups as well. People who have disavilities in the eyes, AAR could help them learn something trhough sound.

		In terms of auditory displays, which is the most important aspect, with respect to human hearing, for providing information? (ego vs exo-centric display, spatialized vs non-spatialized sound, speech vs non-speech sounds, amplitude, pitch, etc)		It doesn't matter. Its all about finding out what people are comfortable with using and matching it to them - there is no one size meets all. Irrspective of where you are, you would have the same sound? "Hiding to nothing". It's a completely pointless exercise. If we can't agree on anything (like how to turn on a light/open a door), how can we make a universal auditory experience. The auditory augmentation sometimes needs to come from a loudpeaker, or from something else.
//Sony headphones that look like doughnuts// -- air conduction. They are just open and the sound passes through naturally. 
Anbie? ear cuffs. -- expecting cartilage conduction to be the next big thing, until these came out.
cartilage is more efficient than bone, it excites the air, and augments the audio coming in from the air. There is no crossover?		I think that at its most basic, the principles of an audio displays. I think thats the starting point. But, what if that changes for AAYR? Thinking about visual AR, you start with principles like what are the grounding principles in this case. For visual you now have graphics plus the world. So context for AAYR is really important, it depends on the environment. I dont know that anything really changes about it. Going a step further and saying that theres probably another shift with spatialized Audio AR, I don't know what that would be. But there would be shifts in it.		It really depends on the scenario that you want to use it. There is no silver bullet per se. Sometimes its good to have an ego centric, where only I can hear and you can't. But it really depends on the users needs at the time.		I am not an expert in this, but when I use VR or AR systems, what I love about those systems is that they track your position. There is 360 tracking of your head, hand, and environment. Those are really powerful, because with a computer, you are using 2D information to manipulate properly. If the system can track our movement, then it can provide a lot of information related to that. If I want to look at the ceiling I can just look up. That seems simple, but if you are playing a game, it becomes a very tricky business. 
I think audio feedback can use some of this technology. Tracking tech is now better then ever. This can be really helpful in giving information, especially in relating virtual content to physical things. You have to have something spatial in these cases, because otherwise you are just getting audio feedback. "Distinction between spatial audio, watching a video in front of you, you can prove that same version of audio when simply listening to audio, it mimicks the same thing, but assumes the sound source is in front of you. Then is it really added meaning to that spatialization aspect.		I would also add representative cues, lets say a system represents 5 different beeps that correlate to 5 different objects, that cretes a mental load requiring people to memorize certain beeps and commands, so audio that can already associate them is important. I dont knwo if latency will come in here, but it will definetaly have to be in concert with the natural environment, to not make people nauseous. So that it is in tandem with peopls real worlds. Yes, spatialization is important, because at least to me, it is hard to distinguish between different sounds, but if they have their own location, our ears will have an easier time seperating those. "A: In terms of wayfinding, we usually find in the real world that the sound source is with the object (like with Apples object finding thing), it maybe useful to move that sound closer to you so that you can hear it. If you are trying to replicate this with wearables, is it useful to gudie someone to point A, then B?

K: Yes I was going to say break it up into way points. If something is 300 m away, we could set up say 10 points to help someone to get to their destination. It wouldn't work if you just had to also deal with all the sounds nearby to you and a very distant sound."		You need to have a convincing spatial audio interaction so that your experience is immersive enough. That can mean a variety of things, it can co from the most convincing or tailored to your need (the best selected HRTF data set that fits your need the most with acoustic room conditions). T obe honest the level of accuracy and modeling for those components depends on the type and scenario. When designing an AAR display, I would not spend my time emasuring all a user's HRTF data, if the experience is something more loose/placid/informative. Same with the room acoustics. When bringing your virtual space to your real space, how accurate does it need to be as to not contradict between the two spaces. 		The spacialization is the highest importace of that, without you audio being spatial, it will never feel realistic. That doesn't mean it won't be good, but it won't be realistic. 
Also being able to make a way to not make everything around you not be drowned out by what you are in. Spazacialaztion is important. Gave AirPods example. Spacialization and with transparency (AirPods). Hard to separate the two without balance. Not sure how one would make sure not to drown out outside voice, as you only focus on whats in your ears, headphones.		The direction, being able to tell if its from the left or right, front or back. The intensity of the sound itself and the cues and timing of them are all very important factors that contirbute to the expeirence itself. It should not be something visisble or somethin that you should put on. It should be apart of the environment. Should it comes outside, or from within your head? It depends upon the task, like entertainment coulud be outside the mind, but audsiobook could be inside the head. The intensity can be one. As you get clsoe to something ytou can inraese intensity. Or could use intensity to carry some information, some level of importance. The interface between people and the audio shoud not be that visible. It should be more immersive, for examnple if you wear something like a headset, taht wouldn't be so immersive. Intensity is important, like with how close you get to something, that is important. Direction is also good.Space and direction are important, You could make it more sensetivie to the movements of the head, like with Airpods, etyc.Eliminate the feeling that the device will bring to the user. When I head you with my headset, for example. It would be great if I could put nothing on and recieve the information directly from the environment.		I agree with making the sound 3D. The main thing I can think of is not just thinking of distance in 2d, but in 3d, so that the sound can come from anywhere, not just a linear distance. It could be like a sphere, and it could come from anywhere. The user should get a feeling that it is not just coming from the room.
It should be as close to sounding like real life as possible, not just sounding like it comes from a device. To create an audio reality, you have to mimic normal everyday life. And having it inside your ears makes people associate it with headphones, which mimics everyday life. It depends on what you are doing. For music it does not matter where it is coming from, all around you or one direction. But if you want to be immersed in a game of triainig couse, you wouldneed that 360 sound. You also would need a distance effect to for the sounds. It would have to be that spacialized sound, so that you can make people feel that they are immersed. Adding that 3D experience can also help people visualize that sound better. "I also think it depends on the technology and the condition that you want to use it for. Like in the gaming industry, 3D audio would be great, so that you can listen to the person that is shooting to determine where it is coming from.
 

										I think it depends. If i want to listen to music, and my phones is in the back pocket, I don't want it to play from behind. Spatialized audio also uses HRTF to create this kind of audio. If you are havig some instruments play on left and some on right, that kind of become a standard stereo system. in this case, spatialied audio is not totally helpful. It is helpful when you remove the audio source and need to choose a place to play the audio from. 				In most of the cases it doesn't really matter, it just needs to be fine such that users don't immedietaly reject the image. But you don't necessarily need to spend all of your energy to that, it just needs to be acceptable enough. The only issue comes up with your virtual and physical world contradictig each other. And we don't have yet an answer on how to prevent that. I think the two spaces should be treated equally, but I don't have an answer on how to solve this problem.						For listening to music, you do not need 3D AR audio, I just need to be immersied" It depends on what you are going for. If you are going for say Pokemon Go but for an auditory experience, than then audio has to sound like its coming from whereever the creature is or where the sound should be coming from. If you are going for more of an overlay, like the visual things poping puo (notifications opoing up in glasses), it would be acceptable to be how it is now - in your head.

		What form factors (hardware, such as earphones) do you imagine being used in application of AAR? 		Everything. It shouldn't just be confined to the headphones earbuds. It really is a case of what is natural for the person to use. Like with glasses, how many people use the same glasses, it's not going to happen that way. Some like a portable speaker, some want augmentation to come from a speaker that surrounds them, some want headphones. There is no optimum method, there are suspension drivers. You don't want to wear the same headphones all day.
Inconpspicuous - Apple are going for using air pods pros as hearing aids. So that you can hear what someone else will say. It will just be like headphones in general. If you are using AR to speak a second language or cheat in class, you would want it to be as inconspicuous as possible. If you are playing a game/going for a walk, you may go for something branded. It won't matter. If you are woking for the police/fire brigade, then it has to be discrete, beacuse you will be having head gear, and you can't have others hear what you are doing/listening to.		Theres a lot of interest in wearable technology, you could imagine some kinds of headones, like in ear, bone conduction, etc. All that stuff exists so thats a possibility. But could we also store some audio information in a specific location, like with speakers, instead of it being localized from a person, for exaple. I think that there would have to be something on the person, possibly glasses with bone conduction properties, or even a watch with some audio capabilties. It depends on if it were for one person or for many people.
Right now when we thing of hearing aids vs, visual aids, visual aids can be larger and become more of an accessory, esp when comapred to the inconspicious hearing aid? Will the devices be as small as can be? -- 		In general AR displays will have that auditory device together as well. Example is Hololens with its audio system. But I don't really want something clogged in my ear. Something like ~bone conduction~ might be nice in this case. In general the AR device, wearable or whatever type of display, will be related to that kind of form factor. If I have to think of a more futuristic device, now we have hololens/magic leaf/snapchat glasses, but we want to develop lightweight displays. In the end, if we have some implanted display, we could do the same with audio impants in the human body.		It can be seen as something similar to Netflix in VR. The content you are watching is 2D anyways. So if you are sitting in front of a large screen/TV and watching a movie that is 2D and what you see around you is just the environment. People can sit next to each other and talking to each other than you can hear each other, but imagine you are in a VR world in an actual VR world that you can move around in. If you move around there will be all this virtual content that responds to how you act in the environment. You can have a flat audio signal, or it can create the whole spatial audio to give a more realistic experience."		We have a project where we are augmenting the museum experience, we have all the technology its just not pretty. What had to happen was that we had to give them a processing unit on a Raspberry Pi in a fanny pack and some sensors to know what direction was facing in their headphones. There gets to be a considerable amount of tech. Putting all of this into one device is not the prettiest thing, but what might work best is some headphones that go in your ear and around so that you can still hear the outside world. If bone phones got to the place where their could be accurate for localiztion and you can still percieve the outside world. Either the exertenalization or elevation is not good with bone phones, but tech improves so we'll probably get there. Then your ears won't be covered, so then you won't be out of the world. In wayfinding you may want to still have focus on the road, for example.		The two tendencies for playback that would let you overlay are bone conduction headphones and open "back"? headphones. So that you have the virtual environment in your ears along with the other one. I prefer open back headphones for playback, so that the real noise comes in a natural way to your ears, but then you are leaking your virtual world to others. If its a shared environment, then you are altering the real world, so you are creating a feedback loop. I have not, in my work, experienced binaural playback with bone conduction headphones, but from what I have read and other people, they say that the image is more distorted. "//If we had speakers places in different locations that was playing audio of a specific kind to give the impression of being there would that count as AAYR?
That's why I said when you have experience with binaural or point sources from different locations to your physical space, so your putting your speakers where you would expect the sound to be. 		Anything that you make as unnocitable/light as possible. If you are trying to create an environment around you, but still want it to feel real, you should not make something be very apparent, like big headphones. The less you feel it, the better, and more real.
Depends on use case, in house/open room, you need nothing on you, just a proper array/arrangement of speajers.
In AR, there is a difference with VR. You do start to forget what is around you, the headset is at first heavy, but you notice it less and less. I would say that because you are interacting with what is arround you, you need to ensure that everything is unnoticable. That is what let's you start to forget about it. You have to make it very small, or possibly make something like a chip in your brain. So only you could hear certain things.		Portability is very important. I;ve used hololens and many other AR systems which are very bulky and not portable. They should also have enogh good hardware communcation so that they are lag free. Not being annoying to the user using them is good, like with earphines and headphones, which should not be intrusive or uncomfortabe. The hardware which we have right now could improve a lot, they are quite bulky for example. They are also not as powerful as they can be, like with processing. And those that are are very expensive. Also battery life is important if you are going to integrade Audio AR into our real life. Need a long battery life. I wear glases so a lot of headset would hurt. I prefer something that can attach to my glasses or will be nonintrusive. It should not be too uncomfortable, which may redue or damage my experience. I agree with Manhua about the glasses. It would be great if you could listen to music wearing your glasses, such that it would not be too intrusive, and using a phone to conduct/connnect would be good. 		I agree with all the points, I do not have anything to add here. Little drones flying around playing sounds. I think it could be a shared experience then with this type of technology, but their experiences could still differ. Speakers could create an AR kind of sound, and would help you immerse yourself into the world around you. They could also work like pretending that you are in a specifc place, like in a jungle. I agree with Jonah, especially with organizing the speakers to implement AR audio. A headset with speakers in the ears for audio capabilities would be great too. Or you could just add it to existing tech. Headphones can have AR audio. If the headphines have a button to change whether you are listening to something with AR audio vs. normal, that would be a great feature to existing applications. It can look like anything depending upon what you are doing. If you have holograms like with the Harry Potter World, you can have certain concerts where you are taking something from the virtual world and are putting it onto to the real world. You could have also something like a speaker strapped to your back to play some kinds of music depending on what you are doing.

						This gets into market trends and what people accept into new technology. Its something similar with airpods for example, which is a small think, but is also a statement in a sense. Theres definetaly a trend for that. Some of that is seen with headphones, but part of that was driven by the use of cords. The form of the device may have some flexibility, so it depends on if it gets in the way of something else, like changing my shirt, for example. It would depend on the convenience. There is a tradeoff between comfort and fuction which is a key driver of that as well. And thet may drive that conversation as well.								I would consider that an AR experience, yes, by definiton. You are running into a different problem in this situation, which is if you are treating your sources as point sources, so the location of speakers is location of virtual source, then you have something very concentraed in your real space, so it may completely dominate the sound or be masked by some sound. In this case you would run into problems of having speaker position that cause sources to be more or less spread based upon where you have placed them. If they are standing then they have a fixed width. Putting this in the real world means that you have spread that is represented by stationary sound speakers. So you immediately get a visual and physical perspective that contradicts. This is an AR experience that can work in the right circumstances."		Multiple speakers, instead of one all around sound to break up everything.
If this becomes ambient noise [use of AR over time], find the timeframe of how long it takes for that to happen, so that you can have more consistency with ensuring that AR does not dissipate [in terms of its imersitivity].		If you will be doing over the ear headphones, they need to fit your head, because they can hurt your head. I prefer in ear headphones. If they are wireless, batteires and portability is imporytant, it needs to be used not just at home.Being ligt and being able to be used across various devices is important and it should be comfortable to be used over long periods of time. Like with homecinemas, that provide... (I missed this one I think)

		Based on this discussion, how would you define AAYR?		It's a way of providing additional information on some action through sound.		I dont think that my definition changes necessarily. AAYR could be indivcidually worn so that it is spatialized locally, but I also think that it could be a speaker playing music the next block over. There are differnt forms, and they all have unique value.						It has not changed much, I like that you brough out a lot of the use cases that I had not thought of before, like with hearing protection. With audio AR, its not necessarily about the device, like with visual AR you need a Hololens for it. Audio AR is any audio that you put over headphones that doesn't interfere much with the natural surroundings or that you can percieve some other information, direction, story, etc. Its basically giving you a different sense in conjunction with the real world.		It's an enhancement of the auditory display of a physicl space. A meaningful enhancement of that space. Bringing virtual information, sounds, adding more information enhancing your experience of the real auditory display.		Agree with Nina. That, but make it as realistic as possible. Make it to the point where you can't discnern between the speaker audio and the real audio. Make it as real as possible.
Could be really great for making simulations. Like with simulation testing. You can put it in to those kinds of simulations in making those more realistic. We could think of that as 5d audio, for next generation uses: military, entertainment. We could not totally comprehend it now, but that could be different in the future. When you are in a tank/helicopter, use for beter communciation and awareness. Like with movies and surround sound, makes it feel more real.		Based on what I have seen, it is not meant to be a stand alone exiernce, but should enhance the total visual experience of it as well. But its meant to add a lot of newer functionalities that makes practical jobs and even enteryianments more feasable and easy to access in a sense. I would agree with Manhua, as it can optimize a solution that already exists, especially for visually disabled persons. With the help of this, this device could use cues like vibrations to help people. AAYR is more like using the audio to either assist or enhance your expeirence of real life. A large difference of it from the traditional AR is that it not only enhances enteritainment, btu qalso in completing something. At the begginig I was only thinking about how it can give people information, but with what you have showed us there is a lot of room for interaction with people, which should be considered. When I think of AR now, i think of mostly an immersive environment that can be as immersive as possible. I think that we can do that with current tech and sensors. I agree with Mohannad, I believe that the application that we saw is with the visual AR as well. Currently audio AR has a very large room for improvement, especiallyin the performance and human use part. The application fo Audio AR is currently underrated and there are large potential for it.		Audio AR is something that will immerse your senses or augment your senses based on audio and help define what is infront of us or add to the audio that is currently there. It could augment/enhance our senses/sounds. Audio AR is something that can enhance your reality and not fully change it. It is audio that enhances you physical environment without fully seperating you from reality. I woud say that maybe adding audio elements from a compiter generated software that could add to the real world environment, but not take away from it. This is audio that augments the experience that you are now experiencing. It could be somehow enhancing what you are experiencing in different senses. It is audio created by a machine to enhance you reality, whether it be adidng something from a virtual world or becoming one of your other senses, like vision.

		As an emerging field, what future directions do you envision for AAR? For example, vision based AR systems  have matured for application in aircrafts and vehicles as Heads Up Displays (HUDs).		It exists already, your turn signal has AR. If anything the visuals haven't caught up yet.												Will open up new opporuntiy in entertainment/games. Once it is better developed, AR Games could become very popular.
It would feel like a more realistic VR. VR is great for complete submersion. AR could be just like VR, but with reality, you see yourself in it, rather than replacing VR.
People enjoy listening to their music, singling out music would make people happier and safer. Can get rid of wind, drown out with music, but overlay important noise. "A more developed version of Siri. With simulation and driving, personal secretary.
AR audio could maybe amplify certain noises and deamplify others."

																A better version of the windshield thing, but for navigation. Also with music, play honks, outside noise on top of the music so that you could better navigate, be aware of surroundings.
Really helpful for military training, make it more realistic to ensure that people have more pressure to perform. Easier to notice things.
Could be helpful for driving. Driving feels like VR, because you are sitting in a spot going fast. With the oustide noise, you have pressure to react faster, so that you aren't just focusing on music. Make a trasnparency for other noises, like Ambulances.

		We will now show you a taxonomy that was developed after a literature review. Please share your thoughts, comments, and suggestions on ways to improve it.		It;s helpful to have a one-two word thing on the first column, so that where it says AR, take that down to a couple words. That will make everything else fall into place. Extending reality can be used for some. In one of our projects we are looking at getting rid of the speakers in hospitals, so in that case we want all the sounds to appear to come from real world objects, but only be heard by staff. This would be better for patients, who then won't have to hear audio unnecessary for them. It's not just training scenarios, but day to day uses. Firefighters and health care/surgeions - also for phyisical therapy. We match up the audio with the left and right hand sides. For drivin - tell the driver about their driving (you're driving too dangerously, be more careful). applications with messages/texts
Use case- Why not use the term hearables. The general term for smart earphones. The literature is outdated, they have not been keeping up. Neck speakers - don't sound good, but can with DSP. Same with bone conduction. If you don't mind it being quiter, you can make any speker sound better. 
		I think that this is just a massive space, so when I am even thinking about the context, its hard to keep that as a piece of a taxonomy for something else, because there so much richness there. Some of this is more theoretical, and some is more specific like recreational activities.
Under form factors, I differ more than others you may have talked to. I still find a stereor to count as a form factor for AAYR, unless you are talking about AAYR for an individual, where you need control over the sound.
Use Cases -- I think that context is a way to get to use cases, and I say this because "training scenarious", well what if its just leanring in general, like what kind of learning moments would we be forming. Youve got some classic moments of when we as a field have thought of AR, like with getting feedback from training, or navigation and wayfinding. These are all very reasonable. I think that soundscape recreation is an important one, so that we can also give a feeling or an emotion, effectively a nonverbal essence. 
		It all makes sense.
I think many of these definitions adress physical reality register aspect. The first one is very close to the one by Azuma I think. The second one is quite interesting, its more modified signal I think. I think this is more general. I cannot complain about any of these definitions.
Use Cases - The second from the bottom is a bit confusing to me, its a very general situation. Im not even sure if I can consider it a use case - animating physical things with sounds. Its somewhat similar to some of the others then. Its pretty similar to what we have in the last row as well. Thats what I though and also I was thinking about education type applications which will benefit with the audio AR stimulation. There are papers which have focused on that. Theres also a difference between education and training for instance. One of the projects Im involved in is a literature review on spatial systems. Maybe the auditory information can extend that spatial coginition information to depend on my location and the surrounding buildings/objects. The interception or the manipulation of auditory info could help you understand how the sound works and then you can learn the phyiscal phenomenon somehow. Education then could be one of the use cases.
 
		I think those users and contexts make sense. I think the ones you have here make sense, but it is hard for me to understand it as a whole. Like how you are organizing this and how you are covering the whole aspects of AAR, like how you are augmenting. I think the taxonomy can probably have some hierarchies and some higher level ideas to maybe arrange these ideas. Like when you are augmenting the reality or using spatial audio. Maybe there can be some different levels, which is better than a list of items. It is hard for me to understand if it is fully capturing the whole idea.
There may be so much more that I could not think of, and thats the tricky part of having the list of things. But from what I have read those all sound quite compelling. "A: If someone is playing an electrical guitar, is it AAR?

S: You are using computer to generate the sound, so that you are localizing the sound source, so that the player feels like the amp is beside them or near them?

		For B3, do the sounds actually have to be associated with an object, or can it just be an area? I guess thats one thing that kind of jumps out, tying it to an actual object may not be necessary, like if I want you to walk to the left, I can just play audio to the left.
What would be a sharable device in F3? [We're assuming a headphones thing two people could share either in the same place or in different places] Is the sound relatvive to their position? [Its relative to their position but with them interacting in the same context] 
I'm looking at the head tracker under form factor, I definetaly understand the purpose of a head tracker, but just the feasability of it. Google Glass was ther etech wise, but people thought it looked dorky. What's the different between B6 and B7? [They are very close, a lot of the definitions have overlapping elements. In B6 we're thinking of recording the audio and enhancing it in some ways, like when walking in a park and enhancing the sounds of one birds sound coming from some direction to enhance the experience. And then in B7, this is talking about a form of sonifying the sounds that exist in reality but for preobtained data]


		I think it makes sense, it builds up on the information gradually and that is easy to follow. I only have one question, not sure I follow, "real time combination of real and virtual worlds", thats the build up I'm not following. Should it be the other way around? A: Within a virtual world if we try to place viortual sound source so as to further immerse yourself into the virtual sound. This definition may not be connectd in the best way, but the idea was to enhance the immersion in the virtual world using audio AR. The virtual environment will alreay have a virtual auditory component?

A: Correct. That is sort of the idea here, where you are enhancing a VR experience using the audio, which is being produced through speakers here. That is where youd draw the line, because youd define your VR experience as something that the audio should come over headphones? Is that what you mean? You have a VR experience with the graphics. What would it take to augment the audio of that to do audio VR?

A: Because we have an array of speakers that surrounds the user, you are able to spatialize the sound. SO when a car passes from left to right, so too does the sound, rather than just simply playing left and right channels on headphones.		Definition in E7, needs a little bit more elaboration, but that is the closest to how I feel it should be descfribed, because it specified how you are altering your perception of it. Many defs don't specify that you can still hear around you. You need to specify that you are not just replacing what is around you, but you are amplifying it or adding to it. Otherwise, it would just be audio or VR.
K8 does not make so much sense, because a lot of athletes are almost pupsoefully drowning out audio to focus on vision. By adding audio, you could break that. In the majority of sports you don't have anything blocking your hearing. This could only be needed for subtle things, like adding a microphone between people. There is nothing impeding the audio, they are just purposefully tuning it out. "E12 pretty accurate, E2 pretty interesting. Make a sound of a virtual sound.
It would be cheating for most spots, if you enhance audio. It would be viable if very small [hearing machine]. ""Bone conduction question. Having headphones on feels constarined, but if you had your ear open it would feel a lot more real.
The only sport that could use audio is shooting/hunting."""		The taxonomy outlines several factors which we have already discussed, and some are new, like with bleinging: combinig virtual and real sounds. You may have to make sure they dont interefere here. Surgical devies would also be very interesting but also ptentially contraversial withtheir intrusiveness. I like the idea of using it for workers working in dark environments. "I think that this taxonomy is very comprehensive so far, and I saw a lot of AAYR aspects and different aspects of definitions, environments, and a lot of stuff that can AAYR can apply to. I like how you outlined audio and AR differently. There is a lot in the audio taxonomy that interested me, like the keynote sounds, that is very comprehensive.
I'm thinknig about how some of the users may be limited in some ways, like you should link users to the form factors, which form factor most benefits a certain user, or group of users. Like with workers in dimly lit environments, some devices are more useful than others. You can maybe link the user with a form factor that can benefit them the most. Some users might like only benefit from one or two form factors."		I was looking at the karaoke, so would that be like auto tune? That is sort of building upon your original audio and adding a layer on top of that. It is great how it can track your orientation to specifically place the sound, as this could be great in a video game, like when you turn around in this kind of a virtual space. Trying to figure out how t best place sounds is iomportant. With the athelets as users, they could benefit from this a lot. During track practice we would be able to listen to music, as that could get you hyped up, but you can't do this at a competition, like with cross country. They could definetely benefit from it in these cases. Somethuing you can add to users and use cases is teaching, espeicially with online learning. One oif the definitions is doubled. You can add the challenges of using it and the benefits that the users could get from each use case. How could the AR change how the users interact. The organization is a bit tricky, is everythying linked across? It was a bit odd going across it as if everything in a row was connected. I would explain that somewhere, to help people understand.

				Series on cave paintings - In terms of sound. A lot of caves have ideophones, natural objects that make sound when you strike them. Their acoustics are pefect for making the sound of animals painted on the walls. Cavepaintings are early theater and early animation, especially with fires which can animate the paintings. Teach people to hunt or for entertainment. AAYR goes back really far. Soundscape from Microsoft - spatialized/directional sounds. Factory workers/EMS - yep.
There's a pair of commercial glasses for people that are blind which can read. You can train it to recognize people's faces. More simple way of doing that, with iPhones.
Videogames - surely, zombie running game, which is audio only. When you are running, you can simulate zombies chasing after you. That's intended for being outside, in the real world space.
Museum tourism - have you ever been around a museum with a curator? They tell you amazing stories about objects, who donates it, when it got lost, how it relates to other pieces. It is far more interesting. Persuade a museum to get a curator to talk about pieces they are pasionate about.		And theres probably research into what kind of music makes you feel different things. VR sound applications, mixing more and more real and virtual integration makes sense, and that is important. I did a study about augmented mirrors, we got feedback about these specific graphics, sometimes a car would drive by and its interesting how the wrong sound can destroy that sense of presence, or what youre feeling is real. You may want to include some about the value in removing sound. AAYR is often seen as additive, but it also dimishes. We should probably consider diminished reality. This is a subset of AR, from my internal definition, so sound cancelling headphones would work like that. In this sense you could cancel out the wavelengths, so that my ears don't regiester it (in comparision to sound masking). What sounds do you let through, because in some cases it is very important. Especially with things like military and construction purposes.		I think this table misses entertainment, like virtual/AR concerts for example. Also imagine a concert happening in some place on campus where some people don't really want to listen to that music, so they can use their own AR display which does not mess with anyone else's displays. That kind of a use case could be included if you are not limiting your scope to the literature review that you have found. "Is it more of a singular or shared experience?
These days the head mounted system is more individualized. One of my concerns is that kind of visualization. This is more of an ethical thing, like with Black Mirror, which showed dystopia involving where each person has their own experience that can cause some difficulty in communication. If your reality is completely different from my reality, it would make communication much worse. Technology is too fast for the regulations or the policies. Which cant follow as usual. I think the audio stimuli is the same. I think we're getting more and more focusd on that customized individualized experience, but I would like to somehow communicate with other people. How I can actually understand what you are thinking and what you are trying to do (theory of the mind). It should help for us to communicate in a better way.		A: Solely just a person with a guitar which is connected with an amp. S: I don't quite get it, is it just the computer working as an amplifier, and there is nothing spatial about it? I don't think it is AR, and that is because when the computer is simulating that, it has nothing to do with the room or the environment, which it has no understanding of. I would not say that is AR. It is just amplifying the sound."		In D8, where it says that audio with visual AR to asist in a primary task, why is that only for older adults and explorers? [So I'm guessing older adults because they'll have diseases like Alzhimers and they could use help to find things. For explorers, that could work for anyone giving them an experience to explore beyond the actual physical trail] I guess my point was that older adults are not the only people who could benefit from this. People on the spectrum may have trouble with executive function and may forget these things. So you would be limiting it from people with cogintive abilities that coud also be helped by this. I'm not sure if I understand the use case for row 9, digitally gen audio on top of on top of reality to add to but not remove from it (construction workers; military). [In this row, we decided to focus more on noise use in hearing loss. Those people need hearing protection and so need to mask certain noises, so you need to take away some noises from the environment, but youd need to add noise to mask that so at least perceptually youre trying to take something away.		But it you played interactive head track with binarural, would you consider that VR auditory display. A: I would. So the reason you are not considering the speakers one a VR auditory display is because a. the interaction is not computed somehow and b. because you have two spaces, the virtual graphics space and the physical audio space. A: Right. I haven't thought of that, but yes that would be an augmentation of the virtual space by definiton. I just don't see that by the way that it is written. I see what you are saying and I kind of agree. Its an extreme scenario, but yes. "A: In regards to the use case column, do you think we missed anything? You have tourist experience, navigation, and some that I would not think of, like object finding which would indeed be an AR situation. It covers all of the situations I am thinking of and more. A: Do you think we can make any further categorization in regards to the auditory display design? A: Right, I would say there is a single, two, or multiple layers of auditory information, but they're accessible based on your action. Do you think that could be another way to categorize these experiences?				I focus on the aspects on those users who would benefit from AAYR. I used to run at night on the road and would use headsets and noise cancelling headphiones, which are dangerous in that case. Maybe we can link users needs with the sounds that they need such that it will improve their ability to do certain things. I like this, because it kind of gives me an overaly of what are the different use cases/form factors present. I do like the sonification of real world environments. Adding things like these is very interesting. Blending was a new concept to me, as I though of audio AR as overlaying audio and information. I think you could take a use case and users and give a whole scenario so that we can relate to it better, instead of breaking it down into individual cases. This taxonomy is very comprehensive, I see a lot of points have already been discussed and covered in our combersation. It is good to have recovered some points from here. This kind of AR tech can be applied by medical tech, this can be really interesting, and have me some new ideas, and could chang ethe medical experience.

				Metaverse - I think people will get as bored of it as with PokemonGo. But it can be used in many ways, Google glass, Apple glass, etc. When it becomes commonly used, the virtual world will catch up. I could be in a call here, but one of us could have an avatar representation of themselves and it would sound like they are coming from where they should be coming from audio-wise. If I want to have it such that my audio is a 19th century castle, I could do that. Text-to-speech is getting so good. If anything it will improve audio quality dramatically. If it happens to be someone you speak to often, then the synthesized voice will be on my device, and that will be their real voice. If you think about it, do you think of you tv or computer as anything different from your home as a device. They are all computers, all are eletrical goods. If we look at sonic bubbles for privacy, then the server doesn't have to send the same files to everyone. Everyone wants to be out front. Older adults - we are exploring that with people with dementia. 		Do you think there should be two versions of the taxonomu, high level vs street view? This document as it is gives more information about how the goals and defintions of AR from different perspetves. A different kind of framework could help me think about the different perspectives could give a more general view. I always think of things in terms of the human, the task, and the environment. How does that change the needs of the system? I do think there is value in this split, because the street view gives you the detail and the richness, and the birds eye view gives you the connection.		Echo chamber question. Thats what Im always trying to keep in mind as a developer.scientist. When the public first sees these AR experience, there are mulitiple kinds of experiences. Some really like it and some are concenred about their impact on people. Thats what I always try to keep in mind and not forget. A lot of users use social media these days, like with YouTubes recommended and related videos, which is pretty much the same thing that I liked,and Im more exposed to that same contecn again and again, which limits my opportunity to explore other things. Thats what I want to try to avoid. I dont want that kind of technology. I dont want to forget about that, or have that kind oftech to limit myslef. This could also cause a great knowledge gap between those have the tech and those who cant access it. I don't believe there is good or bad tech, but the way to use the tech had good or bad effects."				 Artistis and musicians require some quiet environments, which isn't always easy to find a very quiet environment, which was our reasoning here]. That makes sense, I guess Im just thinking that musicians need quiet but also need to hear themselves, musicians also need to blend in with others, so often times theyll play with others in their section so that kind of isolation to hear people within your section would make sense. The earphones part, theres somethinbg that you can put into your eardrums to do this. When I was working at Wright Patterson Air Force lab, you should look up Doug Brungart. And he created this thing that you have to install into you actual ear canal, one end is blocking and one is delivering sound. And you can wave a magnet at it to work with it, ie change volume. Its more like someone else has to put it in your ear, it is definetaly not surgery. He uses it all the time. [And that allows him to do what again?] To isolate the world, and it can attenuate the outside the world. You run a magnet by your ear to control it. I don't know if it can go past your hearing to help you if youre hard of hearing.		Yes. I would say that another level of categorizartion that also reflects the complexity of the info that youre sharing is this, is what happens in terms of the layers of the auditroy display that youre trying to put on top of your experience. Because it also has another component that doesn't come starighforward but can be useful depending on what you want to do with that. If you think in terms of leayers, its also easy to add a timeline component to that, because the layers dont necessarily need to be concurrent. So it helps you also describe the build up of this augmentation. It can be something taht based on your decision or navigation, will evolve or the complexity will chaneg in a way that fits your actions or needs. Once you think in layers, you can also reflect that. You're not really dealing with the hardware component right? Because youre focusinga lot on the how and the design, but you are kind of recycling the hardware. Youre just repeating more or less the same type of equipment.

A: Right, we just have one focus there, which is, for that context, what type of hardware would be the best.

				Definitions - Even if you were standing next to your idential twin, you would still experience two different soundscapes [soundscape def.]. Keynotes - more so identifiers, not mostly backgrounds, not in the psychological way, they are providing context. If you think of a keynote speaker, you wouldn't consider them background sounds. They are in the background but they are not unimportant. Figure is what you are actively paying attention to, ground is everything else. Soundwalk - //Found the definition interesting//  (https://www.sfu.ca/sonic-studio-webdav/handbook/Soundwalk.html) Well established. Enchantment - I agree with that definition, but what you are doing is extend/enhance the listeners understanding. If you think of those keys, if you hear someone pick up those keys at 4 AM, then you have that meaningful sound. All sound has meaning to somebody, otherwise we wouldn't call it sound, we'd call it noise										The way its added here, there is not necessarily a prioritization, and they are written in the same manner. In some cases it makes sense, and there are some components one wouldn't think of, but not necessarily your go to tool for every one of those categories. Beyond what youre looking at, maybe what you are prioritizing;; A: Is there anything else you'd like to talk about here?;; I find the compoinent of removing information as a component of AR interesting. I see the point, it kind of contradtics, it isn't augmenting its removing. I wouldn't necessarily see a part of this, but I understand that this can fit within the broad concept of AR, rather than my definition of AR. 

				Blending - It's not just natural sounds, you can think of the preexisting sounds. Change natural to preexisting in the definition. (Electric guitar as a form of blending) - Depends on how you are using it; just a musical instrument or using it to wake up your brother. All instruments have some form of natural amplification. In that scenario the electic guitar is working as an amplifier. The reinforcement is a bit of a confusing term. In sound you have sound reinforcement, but you also have reinforcement in that youre adding additional information (like with a metaphor). Overlaying - How many of the alerts are left on on your phone? Hopefully relevant to the current activity. There is so much being added that is rubbish.









Comparison

		CUSTOMIZATION		USER CONTEXT		ASSISTANCE PROVIDED								IMMERSION/SENSE OF PRESENCE										RELATION TO REALITY

		Sounds audible to more than a person, but customized to be meaningful to the user		Assist in user's intentions, tasks, goals.		How does the auditory information help the user?								Provide appropriate information capable of enhancing perception within immediate environment										What is the relationship of the auditory information to the user's reality.

		one set of users hear frog sounds, but if it is a sonified version of stock data, the user will interpret the frog sound as the data. "Frog sound" - could be pleasant or annoying.		must help the user's primary goals		Extent of assistance received by the user from the auditory cues available								immersion is system provided, user feels sense of presence. capable of changing sense of presence or location; transport to a different sense of space										How 'reality' is currently defined (concensus on reality)								Compare with existing AR dimensions. Overlay, complementing, supplementing, additional info, not replacement, transparent, can hear real sounds - definition of AR														If Immersion and Customization are related, how does it work? Increased immersion through increased Customization? Then, since Customizations are targetted to unique users, the AAR experience becomes more of an individual experience. If Customizations are targetted to a larger group of users, the AAR experience can still be a shared experience. Hence, in the middle, a compromise exists, where the Customizations are done to provide a sufficient sense of Immersion to most users, but additional Customizations should be available to user to further increase Immersion at an individual level. Should these be combined into a single dimension, or should be they kept separate? Also, since Customization has been clubbed together with User Context to form Assistance provided, should it be clubbed together with Immersion to create another new dimension? The data does not provide a great sense of overlap between the two dimensions, but it also indicates that Immersion can vary from user to user depending on the Customizations available. Customizations, however, should be done to assist the user in their task, whether that be their need to feel more Immersed, or offload mental resources to a different modality. Hence, it is my opinion to maintain Immersion the way it is, and have Assistivity be the third dimension. Together, they can define AAR experiences.

		Customization and User Context could be merged together into Assistivity, since any customizations being made to existing audio or added audio is done so to assist the user in their task. Whatever the customization maybe, it can assist the singular user in one way, while assisting multiple users in another way. Audio AR can be individual and shared experiences, as long as the augmentation asissts the user(s)' context of use.																						If loudspeakers are altering everyone's reality, is it still augmentation? If audio has the same meaning for everyone, this sound is now just part of the current reality. In this case, Customization is low since audio is the same for everyone; Immersion is sufficient; User Context is low since audio may be goal independent.In this version of reality, additional sounds (augmented, transformed, diminished) may be AAR, but not the loudspeaker audio since that is now just part of reality.		But whether loudspeakers are AAR or not, is User Context driven. If every user's goal is to feel more immersed in a virtual environment, it could be an application of AAR. However, if the loudspeaker audio is not targetted for specific users, it is not AAR.																Overlay		Unique layered display of auditory information that adds to what is already there. Has to be meaninfully enhanced. 		Is Customization and Immersion mutually exclusive? Customize levels of Immersion. Customize is not only related to Immersino, but other aspects of the audio too, so can be different dimensions.

		Unique layered display of auditory information that adds to what is already there. Has to be meaninfully enhanced. 		Context driven. If music actively helps in performing a primary task, YES. Electric guitar sound in person is not AAR - not augmenting anything.		Enhancement should be meaningful to the user's primary task.		Audio cues should enhance or add to real world sounds, easy to distinguish or recognize, and assist in user's primary task with the real world.		ASSISTANCE PROVIDED (Could be represented as a  continuous scale where the audio can be rated as being closer to the noise or the signal end of the spectrum)				Overlay		Add to real world sounds, interact with the real world to enhance perceptions		Sense of an alternate environment 		SENSE OF PRESENCE				Digital data to understand the physical world by adding to it.		Digital sounds added to environment while environmental sounds are still perceivable		Maintain connection to physical and social reality		RELATION TO REALITY 												Enhance experience/perception of real physical space		Representativeness of auditory cues to minimize mental workload, latency issues for immersion, reduce any nausea. Work in tandem with natural environment and people. Spatialization to easily distinguish sounds.

		Representativeness of auditory cues to minimize mental workload, latency issues for immersion, reduce any nausea. Work in tandem with natural environment and people. Spatialization to easily distinguish sounds.		Registration and interaction with physical world. Context dependent. User goal or task dependent. 		Audio cues should be easily recognized, be representative of something meaningful to the user. Allow for interaction with the real world.								Enhance experience/perception of real physical space										Transparency, overlay new digital or audio components integrated with reality																		Linkage between physical and virtual world that in interactive, adding/overlaying to existing reality		Spatialization for localization, transparency (compare elements of visual and auditory display - have similar and distinctive mapping between the elements) Example: temporal quality. fading sounds, blend with environemnt.		Procedures: two researchers analyzed together; conflicts resolved by discussing with a third resercher. Detail how the columns were made, color coded process. Reviewers will point out its not detailed enough, so have to include all procedural details. Cite methods of GT and analysis.

		Spatialization for localization, transparency (compare elements of visual and auditory display - have similar and distinctive mapping between the elements) Example: temporal quality. fading sounds, blend with environemnt.		No - 1; Maybe - 3; Yes - 3. It can be shared if people are receiving the same information, but it will depend on the individual's task. Could also depend on the form factor used to provide AAR, if it is strictly personal devices, it might not be a shared experience.		As salient as visual cues;  spatialization  conform to the physical space. Multiple users can experience the same cues equally in the same or separate physical spaces, but assistance provided can vary depending on user's goals. 								Linkage between physical and virtual world that in interactive, adding/overlaying to existing reality										If only digital sounds and no real sounds, that is auditory VR.If real sounds audible, yes it is AAR. 																		How music augments reality. If audio not related to reality - not related to user's immediate surroundings or user's task - not AAR. No leaning. Sonification that interpret the real world can be AR - helps understand environmnet.		When required, the auditory information can become part of the environmental sounds as a shared experience, but otherwise remain accessible to individuals that need it. Consider comfort and function trade offs.		Contributions: Three dimensions can serve as heuristics for evaluation studies. Can also serve as design guidelines (sub categories of each dimension).

		When required, the auditory information can become part of the environmental sounds as a shared experience, but otherwise remain accessible to individuals that need it. Consider comfort and function trade offs.		No - 2; Yes - 3; Maybe - 1. Yes, if individuals in geographically different places can listen to the same auditory information. No, because even the same auditory information may not provide the same effects on two individuals. Context driven, depending on the individuals' goals can be shared AAR.										How music augments reality. If audio not related to reality - not related to user's immediate surroundings or user's task - not AAR. No leaning. Sonification that interpret the real world can be AR - helps understand environmnet.		Audio must be dependent on reality and user's goals; enahnce real world sounds to be meaningful to the user								adaptation dependent may be perceiving virtual sounds as real sounds, then it is no longer AR. Hence, AR definition dependent. Have to define reality to understand what the augmentation is. Listening to music is AR? No		Maintain social aspect of reality, eliminate noise from reality but not necessarily delete it (transformation)																Story telling aspects qualify to be AAR - sound induced experiences. Context driven YES.  Immersion can vary.				Equivalence of each dimension: Likert ratings on each dimension. For Assistance - how helpful are the sounds? For Reality - how well can you distinguish? For Immersion - how immersed do you feel?

														Story telling aspects qualify to be AAR - sound induced experiences. Context driven YES.  Immersion can vary.		User should feel engaged with the auditory content added to their reality.								Localization, add to existing environmental sounds																		Any digital audio is AAR - but real sounds have to be audible.		Meaningful enhancement of the sounds of a physical spce by adding virtual information		Immersion and Relation to Reality - orthogonal or correlated? Immersion - give you sense of different space physically. Reality - how distinct is it from immediate reality? If we want to present as a 3d cube, the dimensions must be orthogonal. But some overlap exists with the three dimensions.

		Meaningful enhancement of the sounds of a physical spce by adding virtual information		Those with hearing loss won't benefit from AAR. Present information when necessary. Temporally scalable use cases. Haptic feedback can be consdiered AAR. Lower than 20 Hz can be felt, but not heard. Dependent on user task.		Enhancement could be to haptic modality; those with hearing loss can feel the augmentation to assist in primary task.								Any digital audio is AAR - but real sounds have to be audible.										Hearing disability, entertainment purposes, isolation for focusing on primary task (reduction of environmental noise), audio aided GPS navigation using HUD (complement the visuals)																		Spatialization to denote location of source. Navigation purposes. Stream segregation to distinguish sounds over natural environment. Unobtrusive.				Are these considerations already part of visual AR? Have to be different to be new. Some overlap is okay, but should also be different. How helpful are the new dimensions, do they not apply to visual AR? How are they unique from visual AR?

				Those with limited vision or other modalities. Aural AR concerts in a physical space. Entertainment use cases for users in everyday life. Everyone can benefit to an extent depending on context or use case.		Enhancement should be meaningful to the user's primary task.		Audio cues should be salient to easily distinguish from real world sounds. Cues maybe audible to multiple users, but if there is no shared goal or primary task, effectiveness of assistance to each user will vary.						Spatialization to denote location of source. Navigation purposes. Stream segregation to distinguish sounds over natural environment. Unobtrusive.		Separate channels to distinguish between multiple virtual sound sources. 		Engagement/Interaction with physical environment						Recreational acitivies such as going to a museum, aquarium, zoos/safaris, spatilaized audio in movie theaters, Zoom meetings, music production, VR applications; adding additional environmental sounds to improve SA. 		Audio must be distinct from immediate reality. User must not expect the audio to be part of their reality.		Audio must adapt to be perceived distinctly from user's immediate reality														Interaction between virtual and physical, hardware capabilities, virtual sound is the primary sound and real sounds are part of the soundscape, context driven.

				Interaction between virtual and physical, hardware capabilities, virtual sound is the primary sound and real sounds are part of the soundscape, context driven.		Audio cues should be easily recognized, be representative of something meaningful to the user. Allow for interaction with the real world.								Interaction between virtual and physical, hardware capabilities, virtual sound is the primary sound and real sounds are part of the soundscape, context driven.		Virtual sound sources must be perceived as part of physical environment, but be distinguishable too.								Loudpseaker sound is AAR - yes. Removing certains environment sounds is AAR - yes. Have a high level taxonomy as well as a detail level taxonomy (hierarchical)																		Provide sense of belonging/collectivism, audio overlap visual informationt to improve focus, immersion equal to visual AR, omit noise from environment, interaction + immersion within real world.

				Scenario or context dependent. User need dependent.		Enhancement should be meaningful to the user's primary task.								Provide sense of belonging/collectivism, audio overlap visual informationt to improve focus, immersion equal to visual AR, omit noise from environment, interaction + immersion within real world.		Augmentation of real world quantity to improve perception/knowldege/understanding of said quantity								Prioritize hardware based on use case. Removing sounds not AAR.		If loudspeaker sound is dedicated to user's goals, it may be AAR, but if no User Context, then not AAR.																Users whos visual channel is occupied. Context driven - constraints of visual perception. Better perception of quantity through sonification than visualization.

				Demographic and context dependent. Goal relevant.		Enhancement should be meaningful to the user's primary task.								Users whos visual channel is occupied. Context driven - constraints of visual perception. Better perception of quantity through sonification than visualization.										autotune - changing real sound source by modifying it so a new layer is added (transformation); teaching/education use case, challenges and benefits for each use case, interaction tehcniques, make connections between different aspects of AAR																		Representativeness of auditory cues to minimize mental workload, latency issues for immersion, reduce any nausea. Work in tandem with natural environment and people. Spatialization to easily distinguish sounds.

				Spatialization/3D virtual audio appearing to come from a real source. Immersion can vary with context.		As salient as visual cues;  spatialization  conform to the physical space. Multiple users can experience the same cues equally in the same or separate physical spaces, but assistance provided can vary depending on user's goals. 		Multi-layered displays should adapt to user's goals and requirements by displaying the minimum layers at a time and using the most appropriate modality (haptics for those with hearing loss).						Representativeness of auditory cues to minimize mental workload, latency issues for immersion, reduce any nausea. Work in tandem with natural environment and people. Spatialization to easily distinguish sounds.		Virtual sound sources must be perceived as part of physical environment, but be distinguishable too.								Physical reality registration. Animating physical objects with sounds - not AR? Separate Training and Education use cases. Location based audio spatialization - understand how sound would behave in a specific location. Add entertainment use cases - selective concert goers - those not interested can choose an individual different audio display. Individual AAR is good but should not hinder ability to communicate with others in the immediate physical world, if not in a better way. AAR should not create individualized echo chambers - social collaboration must exist. Equity issue between those with access and those without.																		Convincing spatial display and interaction. Increased immersion.  Depends on the needs of the experience. Acceptable enough HRTFs and room acoustics so user do not immediately reject the image. Virtual space and real space should not completely contradict each other - unsolved.

				Drones flying overhead and providing auditory information through loudspeakers, traditional speakers in the real world, headphones with AAR acitvation button. Context driven.		Loudspeaker sounds provided to multiple users at a time can augment users' reality, but depends on their goal. Sounds may become noise, instead of signal, if not aligned with user's goals.								Convincing spatial display and interaction. Increased immersion.  Depends on the needs of the experience. Acceptable enough HRTFs and room acoustics so user do not immediately reject the image. Virtual space and real space should not completely contradict each other - unsolved.		Virtual sound sources must be perceived as part of physical environment, but be distinguishable from sound sources in the physical environment.		Auditory cues are sufficiently complex to be perceived as part of the real world, but simple enough for users to detect different streams of auditory channels, while still being able to differentiate them from physical real world sounds. (simplify this) 						immersion + define reality better for user, not fully change it,  not take away from it 																		When required, the auditory information can become part of the environmental sounds as a shared experience, but otherwise remain accessible to individuals that need it. Consider comfort and function trade offs.

				used with visual AR, make primary task easier, assist/enhhance experiences, social interaction.		Enhancement should be meaningful to the user's primary task. Audio cues should be easily recognized, be representative of something meaningful to the user. Allow for interaction with the real world.								When required, the auditory information can become part of the environmental sounds as a shared experience, but otherwise remain accessible to individuals that need it. Consider comfort and function trade offs.		Virtual sound sources must be perceived as part of physical environment, but be distinguishable from sound sources in the physical environment.								Drones flying overhead and providing auditory information through loudspeakers, traditional speakers in the real world, headphones with AAR acitvation button. Context driven.		Concert sounds, available to everyone, may become part of reality for users, and the audio may no longer be perceived as distinct from environmental sounds. Not AAR. Temporal aspect of pereceiving auditory information - reality is adaptive for the user?

				Mulitple layers of audio. Categorize based on complexity and context with primary task. Consider temporal aspect of layers since all layers are not available at the same time. Interaction dependent, complexity and context of sounds.		Multiple layers of audiotry displays - available based on location, not time (interaction dependent). Each layer should provide unique signals to assist in user's goal.																		Meaningful enhancement of the sounds of a physical spce by adding virtual information		Reduction of environmental sounds to aid in user's primary task. 		Transform noise from immediate physical reality to signals for users 														Spatialization/3D virtual audio appearing to come from a real source. Immersion can vary with context.

														Spatialization/3D virtual audio appearing to come from a real source. Immersion can vary with context.		Virtual sound sources must be perceived as part of physical environment, but be distinguishable from sound sources in the physical environment.								Bone conduction and Open back headphones (allows to real noise in in a natural manner). Feedback loop in shared environment since real world is altered. Binaural loud speakers in real world is AAR; the speakers can dominate real sounds in a small space though. Virtual sources can be more or less spread out based on speaker locations. Virtual and physical perspectives/images must match for satisfactory AAR experiences.																		Smaller, simpler. Understand environment. Separated instruments for tracking, sensing, displaying.

														Smaller, simpler. Understand environment. Separated instruments for tracking, sensing, displaying.		Separate channels to distinguish between multiple virtual sound sources. 								Spatialization for localization, transparency (compare elements of visual and auditory display - have similar and distinctive mapping between the elements) Example: temporal quality. fading sounds, blend with environemnt.		Cite 'diminishing reality' as counter argument.																Headphones inside ear or around ear to remain aware of outside environment. Bone conduction earphones but with better localization features; current BC are not good with exernalization or elevation 

														Headphones inside ear or around ear to remain aware of outside environment. Bone conduction earphones but with better localization features; current BC are not good with exernalization or elevation 		Added sense of immersion in alternate environment, yet perceiving the real physical environment.								Provide sense of belonging/collectivism, audio overlap visual informationt to improve focus, immersion equal to visual AR, omit noise from environment, interaction + immersion within real world.		Transforming environment sounds can be AAR - changing reality, or replacing a component of reality. Make audio distinct or different from reality																AAR is not hardware focused, unlike visual AR. Provide diff sense in conjuction with the real world. Any audio that does not interefere much and perceive some other information.

														AAR is not hardware focused, unlike visual AR. Provide diff sense in conjuction with the real world. Any audio that does not interefere much and perceive some other information.		Added sense of immersion in alternate environment, yet perceiving the real physical environment.								Adding keynote sounds to enhance our real soundscapes (office sounds when working from home, meditation), museum tours, virtual live concerts, video game experiences, affect modification, military+police+fire fighter training, mask or omit noise from environment, voice assistants.		Transform concert sounds to something else, or adapt/augment it to sounds better to the user, while retaining connectionto physical and social reality.																used with visual AR, make primary task easier, assist/enhhance experiences, social interaction.

														used with visual AR, make primary task easier, assist/enhhance experiences, social interaction.		Add to real world sounds, interact with the real world to enhance perceptions								No - 2; Yes - 2; Maybe -2. Yes, if only a single person can perceive the music coming from headphones or similar device, a live concert is not AAR because everyone can perceive real sound, and also because it is adding a layer of auditory information on top of the existing environmental sounds. Context driven.		Transformation to an extent, not completely take away from reality (noise)																immersion + define reality better for user, not fully change it,  not take away from it, 

														immersion + define reality better for user, not fully change it,  not take away from it, 		Added sense of immersion in alternate environment, yet perceiving the real physical environment.





Image 2

		As salient as visual cues;  spatialization  conform to the physical space. Multiple users can experience the same cues equally in the same or separate physical spaces.		Audio cues should be salient to easily distinguish from real world sounds to be useful to the user. 		Added sense of immersion in alternate environment, yet perceiving the real physical environment.		Sense of an alternate environment 		Reduction of environmental sounds to aid in user's primary task. 		Transform noise from immediate physical reality to signals for users 

						Virtual sound sources must be perceived as part of physical environment, but be distinguishable too.

		Audio cues should be easily recognized, be representative of something meaningful to the user. Allow for interaction with the real world.								Transforming environment sounds can be AAR - changing reality, or replacing a component of reality. Make audio distinct or different from reality



						Separate channels to distinguish between multiple virtual sound sources. 



										Transform concert sounds to something else, or adapt/augment it to sounds better to the user, while retaining connectionto physical and social reality.







Final Taxonomy

				SENSE OF PRESENCE



				Sense of an alternate environment 						Engagement/Interaction with physical environment						Distinguishability from physical environment



				Added sense of immersion in alternate environment, yet perceiving the  physical environment.		Audio must be dependent on reality; meaningful enahncements to augment the physical environment				User should feel engaged with the auditory content added to their reality.		Augmentation of real world quantity to improve perception/knowldege/understanding of said quantity				Virtual sound sources must be perceived as part of physical environment, but be distinguishable from sound sources in the physical environment.		Separate channels to distinguish between multiple virtual sound sources. 

				ASSISTANCE PROVIDED 

				Meaningful Recognition						Available Saliency						User Context Driven



				Provide meaningful assistance in the  user's primary task		Must be easily recognized, or be representative of something meaningful to the user.				Saliency compared to sound sources in  the physical environment		Adaptive saliency in multi-layered displays to provide unique assistance from each layer				Cues may be available to multiple users, but without shared goals, assistance provided depends on each user's needs		Cues can become noise instead of signal, if not assisting the user's needs

				RELATION TO REALITY 

				Maintain connection to physical and social reality						Audio must adapt to be perceived distinctly from user's immediate reality						Transform noise from immediate physical reality to signals for users 



				Digital sounds added to environment while still perceiving environmental sounds		Maintain social aspect of reality to stay connected with other users 				Over time, cues must remain distinct from the physical environment		Temporal effect of auditory displays may cause user to redefine their physical reality over time				Replacing noise in the physical environment to signals for the user's needs		Reducing or eliminating noise from the physical environment sounds  

				Evaluation Method

				Sense of Presence

				Q1. How would you rate the feeling of being in an alternate environment? (0-9)

				Q2. How would you rate your ability to continue iteracting with the physical environment? (0-9)

				Q3. How would you rate the distinguishability of the AAR sounds from sounds in the physical environment? (0-9)

				Sense of Presence Score = {sum(Q1, Q2, Q3)/27}*100

				Range = 0-100

				Assistance Provided

				Q4. How would you rate the level of ease for recognizing and interpreting the meaning of the AAR sound? (0-9)

				Q5. How would you rate the usefulness of the AAR sound in terms of assisting you in your task? (0-9)

				Q6. How would you rate the ease of detecting the different AAR sounds? (0-9)

				Assistnace Provided Score = {sum(Q4, Q5, Q6)/27}*100

				Range = 0-100

				Relation to Reality

				Q7. How would you rate your level of awareness of your physical environment or other users in your physical environment when hearing the AAR sounds? (0-9)

				Q8. How would you rate the use of AAR sounds over listening to sounds from the physical environment? (0-9)

				Q9. How would you rate the ease of remaining aware of hearing different AAR sounds? (0-9)

				Assistnace Provided Score = {sum(Q7, Q8, Q9)/27}*100

				Range = 0-100

				Total AAR Score = [{sum(Q1, Q2, Q4, Q5, Q7, Q8) + avg(Q3, Q6, Q9)}/63]*100

				Range = 0-100





Final Taxonomy_v2.0

				WORLD CONNECTION																								MR Taxonomy - Immersion (alt env), Extent of World Knowledge (phy env), Coherence (dist phy env)



				ALTERNATE ENVIRONMENT						PHYSICAL ENVIRONMENT						DISTINGUISHABILITY

										Noun		Verb - try to make them similar/consistent

				Immersion in alternate environment		Overlap  physical features 				Interaction in physical environment 		Intepret physical environment better				Appear connected to the phsyical environment		Distinguish between virtual and real sources

				PERCEIVED ASSISTANCE 																								MR Taxonomy - No direct comparison

				Meaningful Recognition						SALIENCY						GOAL RELEVANCE		Relevance?



				Meaningful assistance		Representative recognition				Equally salient		Unique assistance				Individual vs. shared goals		Effectiveness of assistance

				REALITY DEPENDENCE																								MR Taxonomy - Extent of World Knowledge, Coherence

				SOCIAL IMPEDANCE		shared experiences - need another word				ADAPTABILITY						NOISE TRANSFORMATION		(Diminished/Altered reality)



				Extent of social collaboration		Equitable experiences				Temporal adaptation		Temporal distinction				Replace noise with signals		Enhance existing signals

				Start writing and explaining the taxonomy - add examples to better define each level

				Evaluation Method



				Sense of Connection

				Q1. How would you rate the feeling of being in an alternate environment? (NA, 1-10)

				Q2. How would you rate your ability to continue iteracting with the physical environment? (NA, 1-10)

				Q3. How would you rate the distinguishability of the AAR sounds from sounds in the physical environment? (NA, 1-10)

				Sense of Presence Score = {sum(Q1, Q2, Q3)/30}*100

				Range = 0-100

				Assistance Provided

				Q4. How would you rate the level of ease for recognizing and interpreting the meaning of the AAR sound? (NA, 1-10)

				Q5. How would you rate the usefulness of the AAR sound in terms of assisting you in your task? (NA, 1-10)

				Q6. How would you rate the ease of detecting the different AAR sounds? (NA, 1-10)

				Assistnace Provided Score = {sum(Q4, Q5, Q6)/30}*100

				Range = 0-100

				Relation to Reality

				Q7. How would you rate your level of awareness of your physical environment or other users in your physical environment when hearing the AAR sounds? (NA, 1-10)

				Q8. How would you rate the use of AAR sounds over listening to sounds from the physical environment? (NA, 1-10)

				Q9. How would you rate the ease of remaining aware of hearing different AAR sounds? (NA, 1-10)

				Assistnace Provided Score = {sum(Q7, Q8, Q9)/30}*100

				Range = 0-100

				Total AAR Score = [{sum(Q1, Q2, Q4, Q5, Q7, Q8) + avg(Q3, Q6, Q9)/70}]*100

				Range = 0-100





Final Taxonomy_v2.1

				SENSE OF CONNECTION																								MR Taxonomy - Immersion (alt env), Extent of World Knowledge (phy env), Coherence (dist phy env)



				Sense of alternate environment 						Sense of physical environment						Distinguishability



				Immersion in alternate environment		Overlap  physical features 				Interaction in physical environment 		Intepret physical environment better				Appear connected to the phsyical environment		Distinguish between virtual and real sources

				ASSISTANCE RECEIVED																								MR Taxonomy - No direct comparison

				Meaningful Recognition						Available Saliency						User Relevance



				Meaningful assistance		Representative recognition				Equally salient		Unique assistance				Individual vs. shared goals		Effectiveness of assistance

				USER REALITY																								MR Taxonomy - Extent of World Knowledge, Coherence

				Sociability						Adaptive Distinction						Transformation



				Extent of social collaboration		Equitable experiences				Temporal adaptation		Temporal distinction				Replace noise with signals		Enhance existing signals



				Evaluation Method



						Sense of Connection

				Q1.		I could sense an alternate environment easily. (0-10)		9

				Q2.		I could interact with the physical environment easily. (0-10)		9

				Q3.		The virtual and real sound sources blended well. (0-10) 		5

				Q4.		It was easy to distinguish between virtual and real sounds. (0-10)		8

						Sense of Connection Score = {sum(Q1,Q2,Q3,Q4)/40}*100		0.7045454545

						Assistance Received

				Q5.		The virtual sounds were assistive to my goals. (0-10)		8

				Q6.		The virtual sounds were relevant or related to my goals. (0-10)		8

				Q7.		All virtual sounds were easy to detect. (0-10)		8

				Q8.		All virtual sounds were assistive to my goals. (0-10)		7

						Assistance Received Score = {sum(Q4,Q5,Q6,Q7)/40}*100		0.7045454545

						User Reality Adapted

				Q9.		I felt connected to my social group? (0-10)		4

				Q10.		I could not hear any unwanted noise from the physical environment? (0-10) 		0				Table 1. AAR Heuristics

				Q11.		I continuously remained aware of the virtual sounds? (0-10)		8						Table 1. AAR Heuristics

				Q12.		The virtual sounds changed to accommodate my reality. (0-10).		4						Q1.		Does the audio provide a sense of presence in an alternate environment?		☐

						User Reality Adapted Score = {sum(Q9,Q10,Q11,Q12)/40}*100		0.3636363636						Q2.		Does the audio allow the user to maintain awareness and interaction with their physical environment?		☐

						Total AAR Score = [{sum(Q1,Q2,Q5,Q6,Q9,Q10) + (sum(Q3,Q4,Q7,Q8,Q11,Q12)/6)}/70]*100		0.6380952381						Q3.		Does the audio allow the user to easily distinguish between augmenting and real audio?		☐

														Q4.		Is the audio meaningful to the user and their goals?		☐

														Q5.		Is the audio helpful to the user and their goals?		☐

														Q6.		Is the audio sufficiently salient for the user and their goals?		☐

														Q7.		Is social interaction possible with the augmenting audio?		☐

														Q8.		At any point, is the augmentation based on transformation or enhancement of noise or signals, respectively, from the user’s immediate physical environment?		☐

														Q9.		Does the audio continuously adapt to the user’s immediate physical environment?		☐
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		Paper		Keyword		Description		Use Case		Auditory Display Design		Form Factors		Additional Notes

		Vazquez-Alvarez, Y., Aylett, M. P., Brewster, S. A., Jungenfeld, R. V., & Virolainen, A. (2015). Designing interactions with multilevel auditory displays in mobile audio-augmented reality. ACM Transactions on Computer-Human Interaction (TOCHI), 23(1), 1-30.		AAR - Audio Augmented Reality		Action of superimposing virtual sound sources upon real-world objects		Visual attention compromised by real visual objects in the surrounding environment. Indoor space explorations - museums, art galleries.		Multilevel, segregated by physical location. On each level, audio is spatialized either egocentrically, or exocentrically.		Earphones for sound output, hand-held eyes-free clicker for sound selection or interaction, motion tracking through IR blaster and receiver, indoor mobile location



				Activation Zone		Physical location within which additional auditory information becomes available.

		Cavalcanti, V. C., de Santana Ferreira, M. I., Teichrieb, V., Barioni, R. R., Correia, W. F. M., & Da Gama, A. E. F. (2019). Usability and effects of text, image and audio feedback on exercise correction during augmented reality based motor rehabilitation. Computers & Graphics, 85, 100-110.		AR audio feedback		Auditory feedback played through speakers to provide corrective cues.		Indoor gamified motor rehabilatation exercises with auditory cues to provide correct movement.		Real time speaker output placed in front of user in AR guided rehabilatation application.		Speakers for sound output, motion tracking through Kinect device, static locaiton

		Sikora, M., Russo, M., Đerek, J., & Jurčević, A. (2018). Soundscape of an archaeological site recreated with audio augmented reality. ACM Transactions on Multimedia Computing, Communications, and Applications (TOMM), 14(3), 1-22.		AR		—it combines virtual and real contents, — the virtual content is associated with real-world information, —it runs interactively in 3D in real time		Soundscape recreation		Localized sounds played through headphones depending on their location in the site which was guided using a smartphone app		Smartphone, headphones

				Soundscape		the acoustic environment as perceived or experienced and/or understood by a person or people, in context

				Keynote sounds		Mostly background sounds such as wind, water, birds, insects

				Sound signals		Foreground sounds such as whistles, bells, horns

				Soundmarks		Sounds unique to a soundscape area

				Soundscape listening - holistic		General impression of the sonic environment

				Soundscape listening - attentive		Discerning particular sounds in the sonic enviornment

				Soundwalk		Subjective measure of immersion; questionnaire answered by participants after experiencing a soundscape covering aspects such as pleasantness, eventfulness, emotional state

		Krzyzaniak, M., Frohlich, D., & Jackson, P. J. (2019, September). Six types of audio that DEFY reality! A taxonomy of audio augmented reality with examples. In Proceedings of the 14th International Audio Mostly Conference: A Journey in Sound (pp. 160-167).		AAR		Audio Augmented Reality

				Enchantment		Adding meaningful sound to an object that would not otherwise make meaningful sound.		Enchanted paper/books/maps/sports equipment

				Blending		Combining digital sounds with the natural sounds of the environment to produce sound reinforcements		Karaoke

				Overlaying		Using audio to provide a user with additional information that is relevant to their current activity.		Conversational Agents, Self-guided museum tours

				Digital Sound-Objects		The treatment of digital sound as an ontological token, and placing it at a definite place in the physical world.		Sound attached to virtual objects in AR Games, Geolocated sound

				Realtime Digital Modification		Digitally modifying sounds of objects that are capable of producing their own acoustical sounds		In-ear translation, Electric guitar distortion pedals

				Telepresence		Using sound to merge two or more locations.		Telephone, Treadmill sound walks

		Heller, F., Jevanesan, J., Dietrich, P., & Borchers, J. (2016, September). Where are we? evaluating the current rendering fidelity of mobile audio augmented reality systems. In Proceedings of the 18th International Conference on Human-Computer Interaction with Mobile Devices and Services (pp. 278-282).		MAARS		Mobile Audio Augmented Reality Systems - head position and orientation tracking allows spatial audio rendering algorithms to place sound sources around the user's head and provides virtual audio overlayed over the physical space. 		Ability of end users to accurately localize virtual sound sources in a physical space.

				Localization performance		Ability to correctly localize virtual sound source while using a mobile system.

				General HRTF		Generalized Head Related Transfer Function that modifies a sound reaching the ear depending on its origin relative to the listener's head orientation.

		Vazquez-Alvarez, Y., Oakley, I., & Brewster, S. A. (2012). Auditory display design for exploration in mobile audio-augmented reality. Personal and Ubiquitous computing, 16(8), 987-999.		MAARE		Mobile Audio Augmented Reality Environment (Soundscape)		Outdoor audio augmented exploration through the use of 3D spatial earcons of a sound garden by measuring user behavior (walking speed, head movements, stopping instances)		Earcons presented in stereo, plain spatial audio (volume variation only to denote distance), 3D spatial audio (volume variation plus directional variation for full spatialization)		AC headphones, GPS sensor, head tracker (JAKE), mobile phone

				Exploration (User behavior)		Degree of immersion in a soundscape being measure by extent of exploration, or walking speed and head movements (stopping instances, scanning)

				Capture Radius/Proximity Zones		Region within which virtual sounds are activated for the listener

				3D Spatial audio		Using spatial audio through air conduction systems to provide audio cues to appear to emanate from different locations, which help to reduce overlapping of proximity zones, and improve localization

				Spatial audio		Sound that varies only by volume or listening level to denote distance from the user (no directional cues)

				Earcons		Non-speech animal sounds (keynote sounds) played in the background for each proximity zone.

		Heller, F., Krämer, A., & Borchers, J. (2014, April). Simplifying orientation measurement for mobile audio augmented reality applications. In Proceedings of the SIGCHI Conference on Human Factors in Computing Systems (pp. 615-624).		AAR		Audio Augmented Reality systems, overlaying the physical world with a virtual audio space.

				MAARS		Mobile Audio Augmented Reality Systems - head position and orientation tracking allows spatial audio rendering algorithms to place sound sources around the user's head and provides virtual audio overlayed over the physical space. 

				Spatial audio		Special filters applied to recorded audio signals, giving the impression of the sound emanating from a source in the physical space.

		Bolsteis, C., Chasanidou, D. (2018, October). Audio Augmented Reality in Public Transport for Exploring Tourist Sites.		Audio Augmented Reality		A mature subfield of mobile AR.		To present information to tourists in a user friendly way		Localized sounds played through the headset to the users, depending either on the path they are taking through some tourist site, or based on what points of intereset they may be near to.		Headphones

		Valimaki, V., Ramo, J. (2012, September). Digital Augmented Reality Audio Headset.		Augmented Reality		Real-time combination of real and virtual worlds.		No particular use case, mostly to research effectiveness of a particular technology. Some general use cases noted include communication, binaural telephony, audio teleconferences, and virtual audio tour guides.		Sounds played through the headset/headphones to the users, through the listening test, in order to determine how effective the headset is.		Headset/headphones

				Augmented Reality Audio (ARA)		Combines everyday surrounding sounds and virtual sounds in real time.

				Pseudo – acoustic environment		The copy of the surrounding sounds that have gone through the ARA headset.

				Pressure chamber principle		To enhance the low and middle frequencies of the audio.

				Binaural telephony		When the two ear-microphone signals from both users are transmitted to each other.

				Latency		The elapsed time between a stimulus and the response.

		B. Bederson, B. (1994, May). Audio Augmented Reality:
A Prototype Automated Tour Guide.		Augmented Reality		Uses computers to enhance the richness of the real world.		To create a tour guide for museum tourists that don't isolate them, while also being more user friendly and allowing for freedom of movement.		Sounds play through the system to the users based upon the location of the users in a museum and their proximity to certain pieces of the exhibit theirin.		A headset (with a random-access digital audio source, a microprocessor, and a custom infrared receiver)

						An attempt to combine our real world interactions with the richness of computational information without isolating people from each other.

		An experimental study of spatial sound usefulness in searching and navigating through AR environments. Dariusz Rumin ́ski1		AR		superimposing computer-generated content, such as interactive 2D and 3D multimedia objects, in real time, on a view of real objects.		Indoor virtual object finding		Spatial audio sources that increases in loudness as you get closer to the source, with sources playing simultaenously.		Headphones, remaining hardware devices unclear. Smartphone suspected. Software implementation used CARL to provide spatia audio in the AR environment.

				CARE		Contextual AR Environment

				CARL		Contextual AR Language

				Spatial Sound		3D Sound from virtual sources that varies with pitch and yaw angle between camera and object, as well as with distance and height of the camera from the center of the object.

		Albrecht, R., Lokki T., Savioja L. (2011, August). A Mobile Augmented Reality Audio System with Binaural Headphones		Hear-through AR		Allowing the user “to hear the surrounding acoustic environment while adding virtual sounds to the auditory perception”.		No particular use case, but potentially useful for virtual museum guides or a messaging application.		Sounds play through the system that are overlayed over the natural environment (through microphones added to the headphones) that allow for a less intrusive system.		Modified headphones with microphones attached to them.

				The Occlusion Effect		The amplification of low frequency sounds conducted through bone and tissue, which comes from the ear canals.

				Pure AR Applications		“Where the real environment is augmented with virtual objects, which depend on the real environment and add information related to it.”

		Lawton, M., Cunningham, S., & Convery, I. (2020, September). Nature soundscapes: an audio augmented reality experience. In Proceedings of the 15th International Conference on Audio Mostly (pp. 85-92).		Static Experience		Participant is static, and sound plays around them.		Generate awareness about species conservation by recreating nature sounscapes using AAR. Static experience created by using speakers in four corners in a forest clearing that can be heard by multiple people within that area. 		Single level 4 loud speaker system providing shared experiences.		Four channel loud speaker, each capable of producing indepedant sounds. Physically connected through wires, tied to the audio interface system.

				In Motion Experience		Sound sources are fixed in the environment and used to guide participants as they move through a trail.								Shared experience, include in taxonomy v2.0

				SAMR (Substitution, Augmentation, Modification, Redefinition)		Framework to evaluate the adoption of technology in an educational context

		Boletsis, C., Chasanidou, D. (2018, October). Audio Augmented Reality in Public Transport for Exploring Tourist Sites.		Audio Augmented Reality		A mature subfield of AR.		Used in part of tour guide system alongside public transportation.		Headset system that plays out information when around points of interest.		Headset system.

		POST FOCUS GROUPS

		Kiefer, C., & Chevalier, C. (n.d.). Towards New Modes of Collective Musical Expression through Audio Augmented Reality. 4.		Audio Augmented Reality		realtime computational mediation of sound perception, mixing live digitally processed sound with real environmental sound		Musical Experiences with a collective audience		Compression of upper-mid frequencies to amplify breath and bodily sounds		BC headset with microphone and phone app, and paraolic acoustic reflector installation (x2)

				Instrumentness		way in which a musical instrument is controlled and conceptiualized as a medium for creative action, as a feedback loop between interface, software and audience creative expression				Spatialization of upper-mid frequencies using different band-pass filtered reverbs in each ear				Primarily an individual experience, but audio AR can become a collective experience by expanding the acoustic environment, increasing immersion, and realizing a safer environment that puts users at ease.

				Collectiveness		Sense of belonging and generating sounds with a group

		Yang, J., Mattern, M. (2019, September). Audio Augmented Reality for Human-Object Interactions		3D Sounds		sounds that are spatialized virtually but are perceived as originating from real locations in the space		Various (sound localization in particular, but references to musuem experiences, redirect user attention, provide notifications, create new music experiences, etc.)		Heaset system that plays synthesized audio of certain objects in the user's field.		Over ear headphones, environment cameras, head mounted cameras, magnetic/radio frequency modules, or headphone integrated motion sensors

		Moustakas, N., Rovithis, E., Vogklis, K., Floros, A. (2020, October). Adaptive Audio Mixing for Enhancing Immersion in Augmented Reality Audio Games		Augmented Reality (AR)		“a field comprising technologies that allow for the enhancement of the real world with virtual audiovisual information, thus shaping highly immersive ways of interaction between users and their surroundings.”		Mobile game purposes, both in oustide and indoor environments		Computer and headset system where audio would play from a certain direction that the user would have to identify.		The use of a handheld mobile system, a computer system, and a Philips SHN2500 headsets.

				Audio Games (AG)		“Are electronic games that utilize sound, and more specifically data sonification techniques, in order to represent all aspects of their content, including space, mechanics, plot, narration, setup, and feedback.”





v2.0

						Audio																																																														Augmented Reality

		Soundscape - the acoustic environment as perceived or experienced and/or understood by a person or people, in context		Keynote sounds - Mostly background sounds such as wind, water, birds, insects		Sound signals - Foreground sounds such as whistles, bells, horns; sounds unique to a soundscape area		Soundwalk - Subjective measure of immersion		Enchantment - Adding meaningful sound to an object that would not otherwise make meaningful sound.		Blending - Combining digital sounds with the natural sounds of the environment to produce sound reinforcements		Overlaying - Using audio to provide a user with additional information that is relevant to their current activity.																																																				combine real world richness with richness of compuational information without isolating poeple from each other		combines virtual and real content		virtual content interacts with the physical in real time		real-time combination of real and virtual worlds

																																Audio to Augment Your Reality (AAYR)

						Definitions																																Use cases																																		Form Factors																		Users



		Action of superimposing virtual sound sources upon real world objects (in real time that does not obscure "the real world")		Auditory feedback played through speakers to provide corrective cues.		Ability to correctly localize virtual sound source while using a mobile system.		Mobile audio augmented system capable of tracking head position and orientation to place sound sources around the user's head to provide virtual audio overlayed over the physical space		Immersion in a sounscape to measure extent of exploration, or walking speed and head movements (stopping instances, scanning)		A mature subfield of mobile AR		An interception and manipulation of auditory information to alter users' perceptions		Use of audio to supplent the real primary environment by altering/enhancing the perception of an item/situation		Sonification of real-world environment (e.g. driving, walking) rather then sonification of pre-obtained data.		Audio can be implemented in web based environments in a spatial way, to make an auditory experience more immersive.		A new type of adaptive music format that does not take your focus away for reality but plays with together with it.		Auto translation of verbal information or communication around the user.				Indoor space exploration - museum, art gallery		Indoor gamified motor rehabilatation exercises with auditory cues to provide correct movement.		Outdoor exploration of a physical space guided through earcons presented in spatial audio		Tourist guidance system		Soundscape recreation of an alternate physical space		Sound attached to virtual objects in AR		Karoake - modifying natural sound by combining with virtual sounds to reinforce the natural sounds.		Phone call; connecting remote destination through sounds. Generally just communication among individuals (which could be extend to real time language translation)		In ear translation of viewed text or speech		Adding non-speech sounds to inanimate objects like a book, map, sports equipment		Public transportation (information about route/day)		Darkroom photography (though fairly obsolete now)		Military uses - especially with respect to training		Vehicle repair companies and garages (helping individuals in finding certain unvisible objects)		Operation room with medical uses and surgical devices		Wayfinding or GPS navigation/guidance system (not just for cars, could be useful in flight systems or for bicyclists and pedestrians)		Formal and informal learning environments (could be in a school or even at an art gallery/museum)		Data analysis		Remote music festival or soundwalk artworks				Earphones for sound output, hand held eyes-free device to cycle through sounds. Motion tracking through IR blaster; indoor use only.		Speakers for sound output. Static motion tracked with Kinect		Smarphone, earphones		Headphones, head tracker, GPS, smartphone		Bone/air conduction headphones		Medical/surgical devices		Environments with the soudscape manipulated or overlayed		Bracelet, hat, glasses, necklace or other haptic gadgets 				Visually impared people		Individuals with multitasking responsibilities/tasks		People resbonsible for life/death critical situations 		Seniors		Ushers/theater technicians		Musicians/Artists		Athletes who need to focus on their visison but would benefit from an audio layer		Musuem tourists		Emergency responders, search and rescue









v2.1

		Audio				Audio Augmented Reality (AAR)				Definitions				Use cases				Form Factors				Users

		Soundscape - the acoustic environment as perceived or experienced and/or understood by a person or people, in context								Action of superimposing virtual sound sources upon real world objects in real time				Indoor/outdoor exploration - museum, art gallery (tourist guidance system)				Earphones; hand held device to cycle through sounds; motion tracking through IR blaster.				Visually impared or those with other disabilities

		Keynote sounds - Mostly background sounds such as wind, water, birds, insects								Auditory feedback played through speakers to provide corrective cues.				Soundscape recreation of an alternate physical space				Speakers for sound output. Static motion tracked with Kinect				Individuals with multitasking responsibilities/tasks

		Sound signals - Foreground sounds such as whistles, bells, horns; sounds unique to a soundscape area								Mobile audio augmented system that tracks head position/orientation to place sound sources around the user to provide virtual audio overlayed over the physical space				Remote music festival or soundwalk artworks				Headphones, head tracker, GPS, smartphone				People resbonsible for life/death critical situations 

		Soundwalk - Subjective measure of immersion								Immersion in a sounscape to measure extent of exploration, or walking speed and head movements (stopping instances, scanning)				Feedback/Warning signals				Bone/air conduction headphones				Senior citizens

		Enchantment - Adding meaningful sound to an object that would not otherwise make meaningful sound.								An interception and manipulation of auditory information to alter users' perceptions				Public transportation (information about route/day)				Medical/surgical devices				Workers in dimly lit environments (ushers, photographers, firefighters)

		Blending - Combining digital sounds with the natural sounds of the environment to produce sound reinforcements								Use of audio to supplent the real primary environment by altering/enhancing the perception of an item/situation				Wayfinding/GPS navigation (not just for cars, but also flight systems or bicyclists and pedestrians)				Environments with the soudscape manipulated or overlayed				Musicians/Artists

		Overlaying - Using audio to provide a user with additional information that is relevant to their current activity.								Sonification of real-world environment (e.g. driving, walking) rather then sonification of pre-obtained data.				Adding non-speech sounds to inanimate objects like a book, map, sports equipment				Bracelet, hat, glasses, necklace or other haptic gadgets 				Athletes who need to focus on their vison but would benefit from an audio layer

										Digitally generated audio on top of reality				Formal and informal learning environments (could be in a school or even at an art gallery/museum)				Shareable device to pass back and forth to share the AR sound				Musuem tourists

		Augmented Reality								Part of a multisensory augmented reality system				Military uses - especially with respect to training								Emergency responders, search and rescue

		Combine real world richness with richness of compuational information without isolating poeple from each other								Spatial audio that does not require a massive and expensive system				Operation room with medical uses and surgical devices

		Combines virtual and real content								Display more detailed information of the environment using audio in a shared auditory environment				Indoor gamified motor rehabilatation exercises with auditory cues to provide correct movement.

		Virtual content interacts with the physical in real time								Interception and manipulation of auditory information to alter user's perceptions				Vehicle repair companies and garages (helping individuals in finding certain unvisible objects)

		Real-time combination of real and virtual worlds												In ear translation of viewed text or speech

														Karaoke - modifying natural sound by combining with virtual sounds to reinforce the natural sounds.













































v2.2 Ext.

		Audio				Audio Augmented Reality (AAR)				Definitions		Use cases		Form Factors		Users

		Soundscape - the acoustic environment as perceived or experienced and/or understood by a person or people, in context								Action of superimposing virtual sound sources upon real world objects in real time		-In ear translation of viewed text or speech
-Military uses - especially with respect to training
-Wayfinding/GPS navigation (not just for cars, but also flight systems or bicyclists and pedestrians)
-Feedback/Warning signals		-Earphones; hand held device to cycle through sounds; motion tracking through IR blaster.
-Speakers for sound output. Static motion tracked with Kinect
-Headphones, head tracker, GPS, smartphone
-Bone/air conduction headphones
-Bracelet, hat, glasses, necklace or other haptic gadgets 		-Visually impared or those with other disabilities
-Individuals with multitasking responsibilities/tasks
-People resbonsible for life/death critical situations 

		Keynote sounds - Mostly background sounds such as wind, water, birds, insects								Auditory feedback played through speakers to provide corrective cues.		-Feedback/Warning signals
-Wayfinding/GPS navigation (not just for cars, but also flight systems or bicyclists and pedestrians)		-Earphones; hand held device to cycle through sounds; motion tracking through IR blaster.
-Bone/air conduction headphones
-Bracelet, hat, glasses, necklace or other haptic gadgets 		-People resbonsible for life/death critical situations 
-Workers in dimly lit environments (ushers, photographers, firefighters)
-Emergency responders, search and rescue

		Sound signals - Foreground sounds such as whistles, bells, horns; sounds unique to a soundscape area								Mobile audio augmented system that tracks head position/orientation to place sound sources around the user to provide virtual audio overlayed over the physical space		-Indoor/outdoor exploration - museum, art gallery (tourist guidance system)
-Soundscape recreation of an alternate physical space
-Remote music festival or soundwalk artworks
-Military uses - especially with respect to training		-Earphones; hand held device to cycle through sounds; motion tracking through IR blaster.
-Speakers for sound output. Static motion tracked with Kinect
-Headphones, head tracker, GPS, smartphone
-Bone/air conduction headphones
-Environments with the soudscape manipulated or overlayed
-Bracelet, hat, glasses, necklace or other haptic gadgets 
 		-Visually impared or those with other disabilities
-Senior citizens
-Workers in dimly lit environments (ushers, photographers, firefighters)
-Musicians/Artists
-Musuem tourists
 

		Soundwalk - Subjective measure of immersion								Immersion in a sounscape to measure extent of exploration, or walking speed and head movements (stopping instances, scanning)		-Soundscape recreation of an alternate physical space
-Wayfinding/GPS navigation (not just for cars, but also flight systems or bicyclists and pedestrians)
-Indoor gamified motor rehabilatation exercises with auditory cues to provide correct movement.		-Earphones; hand held device to cycle through sounds; motion tracking through IR blaster.
-Speakers for sound output. Static motion tracked with Kinect
-Headphones, head tracker, GPS, smartphone		-Athletes who need to focus on their vison but would benefit from an audio layer
-Emergency responders, search and rescue

		Enchantment - Adding meaningful sound to an object that would not otherwise make meaningful sound.								An interception and manipulation of auditory information to alter users' perceptions		-Soundscape recreation of an alternate physical space
-Remote music festival or soundwalk artworks
-Adding non-speech sounds to inanimate objects like a book, map, sports equipment		-Earphones; hand held device to cycle through sounds; motion tracking through IR blaster.
-Bone/air conduction headphones
-Environments with the soudscape manipulated or overlayed
-Bracelet, hat, glasses, necklace or other haptic gadgets 
-Shareable device to pass back and forth to share the AR sound 		-Musicians/Artists
-Musuem tourists

		Blending - Combining digital sounds with the natural sounds of the environment to produce sound reinforcements								Use of audio to supplent the real primary environment by altering/enhancing the perception of an item/situation		-Indoor/outdoor exploration - museum, art gallery (tourist guidance system)
-Soundscape recreation of an alternate physical space
-Remote music festival or soundwalk artworks
-Military uses - especially with respect to training
-Wayfinding/GPS navigation (not just for cars, but also flight systems or bicyclists and pedestrians)
-Adding non-speech sounds to inanimate objects like a book, map, sports equipment
-Formal and informal learning environments (could be in a school or even at an art gallery/museum)
-Operation room with medical uses and surgical devices
-Vehicle repair companies and garages (helping individuals in finding certain unvisible objects)		-Earphones; hand held device to cycle through sounds; motion tracking through IR blaster.
-Speakers for sound output. Static motion tracked with Kinect
-Headphones, head tracker, GPS, smartphone
-Bone/air conduction headphones
-Medical/surgical devices
-Environments with the soudscape manipulated or overlayed
-Bracelet, hat, glasses, necklace or other haptic gadgets 		-Visually impared or those with other disabilities
-Individuals with multitasking responsibilities/tasks
-Senior citizens
-Workers in dimly lit environments (ushers, photographers, firefighters)
-Emergency responders, search and rescue 

		Overlaying - Using audio to provide a user with additional information that is relevant to their current activity.								Sonification of real-world environment (e.g. driving, walking) rather then sonification of pre-obtained data.		-Remote music festival or soundwalk artworks
-Feedback/Warning signals
-Wayfinding/GPS navigation (not just for cars, but also flight systems or bicyclists and pedestrians)
-Operation room with medical uses and surgical devices
-Karaoke - modifying natural sound by combining with virtual sounds to reinforce the natural sounds.		-Shareable device to pass back and forth to share the AR sound
-Bracelet, hat, glasses, necklace or other haptic gadgets 
-Bone/air conduction headphones
-Headphones, head tracker, GPS, smartphone
-Speakers for sound output. Static motion tracked with Kinect
-Earphones; hand held device to cycle through sounds; motion tracking through IR blaster.		-Musicians/Artists
-Musuem tourists
-Visually impared or those with other disabilities
-Workers in dimly lit environments (ushers, photographers, firefighters)

										Sonification of real-world environment (e.g. driving, walking) rather then sonification of pre-obtained data.		-Indoor/outdoor exploration - museum, art gallery (tourist guidance system)
-Feedback/Warning signals
-Public transportation (information about route/day)
-Wayfinding/GPS navigation (not just for cars, but also flight systems or bicyclists and pedestrians)
-Adding non-speech sounds to inanimate objects like a book, map, sports equipment
-Formal and informal learning environments (could be in a school or even at an art gallery/museum)
-Military uses - especially with respect to training
-Operation room with medical uses and surgical devices
-Indoor gamified motor rehabilatation exercises with auditory cues to provide correct movement.
-Vehicle repair companies and garages (helping individuals in finding certain unvisible objects)
-In ear translation of viewed text or speech
-Karaoke - modifying natural sound by combining with virtual sounds to reinforce the natural sounds.		-Earphones; hand held device to cycle through sounds; motion tracking through IR blaster.
-Speakers for sound output. Static motion tracked with Kinect-Headphones, head tracker, GPS, smartphone
-Bone/air conduction headphones
-Medical/surgical devices
-Environments with the soudscape manipulated or overlayed
-Bracelet, hat, glasses, necklace or other haptic gadgets 
-Shareable device to pass back and forth to share the AR sound		-Visually impared or those with other disabilities
-Individuals with multitasking responsibilities/tasks
-People resbonsible for life/death critical situations
-Senior citizens
-Workers in dimly lit environments (ushers, photographers, firefighters)
-Musicians/Artists
-Athletes who need to focus on their vison but would benefit from an audio layer
-Musuem tourists
-Emergency responders, search and rescue 

		Augmented Reality								Part of a multisensory augmented reality system		-Indoor/outdoor exploration - museum, art gallery (tourist guidance system)
-Soundscape recreation of an alternate physical space
-Remote music festival or soundwalk artworks
-Karaoke - modifying natural sound by combining with virtual sounds to reinforce the natural sounds.		-Earphones; hand held device to cycle through sounds; motion tracking through IR blaster.
-Speakers for sound output. Static motion tracked with Kinect
-Bone/air conduction headphones
-Environments with the soudscape manipulated or overlayed
-Bracelet, hat, glasses, necklace or other haptic gadgets 
-Shareable device to pass back and forth to share the AR sound		-Musicians/Artists
-Musuem tourists

		Combine real world richness with richness of compuational information without isolating poeple from each other								Spatial audio that does not require a massive and expensive system		-Feedback/Warning signals
-Public transportation (information about route/day)
-Wayfinding/GPS navigation (not just for cars, but also flight systems or bicyclists and pedestrians)
-Adding non-speech sounds to inanimate objects like a book, map, sports equipment
-Vehicle repair companies and garages (helping individuals in finding certain unvisible objects)
-Karaoke - modifying natural sound by combining with virtual sounds to reinforce the natural sounds.		-Earphones; hand held device to cycle through sounds; motion tracking through IR blaster.
-Speakers for sound output. Static motion tracked with Kinect
-Headphones, head tracker, GPS, smartphone
-Bone/air conduction headphones
-Bracelet, hat, glasses, necklace or other haptic gadgets 
-Shareable device to pass back and forth to share the AR sound		-Individuals with multitasking responsibilities/tasks
-Musicians/Artists
-Athletes who need to focus on their vison but would benefit from an audio layer

		Combines virtual and real content								Display more detailed information of the environment using audio in a shared auditory environment		-Feedback/Warning signals
-Public transportation (information about route/day)
-Wayfinding/GPS navigation (not just for cars, but also flight systems or bicyclists and pedestrians).
-Adding non-speech sounds to inanimate objects like a book, map, sports equipment
-Formal and informal learning environments (could be in a school or even at an art gallery/museum)
-Operation room with medical uses and surgical devices
-Vehicle repair companies and garages (helping individuals in finding certain unvisible objects)
-In ear translation of viewed text or speech		-Earphones; hand held device to cycle through sounds; motion tracking through IR blaster.
-Speakers for sound output. Static motion tracked with Kinect
-Headphones, head tracker, GPS, smartphone
-Bone/air conduction headphones
-Medical/surgical devices
-Bracelet, hat, glasses, necklace or other haptic gadgets 		-Visually impared or those with other disabilities
-Individuals with multitasking responsibilities/tasks
-People resbonsible for life/death critical situations 
-Senior citizens
-Workers in dimly lit environments (ushers, photographers, firefighters)
-Emergency responders, search and rescue

		Virtual content interacts with the physical in real time								Interception and manipulation of auditory information to alter user's perceptions		-Indoor/outdoor exploration - museum, art gallery (tourist guidance system)
-Soundscape recreation of an alternate physical space
-Remote music festival or soundwalk artworks
-Indoor gamified motor rehabilatation exercises with auditory cues to provide correct movement.
-Karaoke - modifying natural sound by combining with virtual sounds to reinforce the natural sounds.		-Earphones; hand held device to cycle through sounds; motion tracking through IR blaster.
-Speakers for sound output. Static motion tracked with Kinect
-Bone/air conduction headphones
-Environments with the soudscape manipulated or overlayed
-Bracelet, hat, glasses, necklace or other haptic gadgets 
-Shareable device to pass back and forth to share the AR sound		-Visually impared or those with other disabilities
-Senior citizens
-Workers in dimly lit environments (ushers, photographers, firefighters)
-Musicians/Artists
-Athletes who need to focus on their vison but would benefit from an audio layer
-Musuem tourists
-Emergency responders, search and rescue

		Real-time combination of real and virtual worlds



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































v2.2 Sim.

		Audio				Audio Augmented Reality (AAR)

		Soundscape - the acoustic environment as perceived or experienced and/or understood by a person or people, in context

		Keynote sounds - Mostly background sounds such as wind, water, birds, insects

		Sound signals - Foreground sounds such as whistles, bells, horns; sounds unique to a soundscape area

		Soundwalk - Subjective measure of immersion								Definitions		Use Cases		Users		Context		Form Factors

		Enchantment - Adding meaningful sound to an object that would not otherwise make meaningful sound.								Action of superimposing virtual sound sources upon real world objects in real time		Training scenarios		Military personnel, police academies, surgeons or medical professionals, firefighters, driving or flying school students, athletes		Training purposes where the user is required to perform focused tasks with possible distractions of varying intensity, or where the costs of making errors can be fatal. Simulation of potentially dangerous scenarios where increased immersion through audio leads to higher ecological validity.		Earphones (AC or BC), speakers, spatialized audio, wearables, shareable devices, minimal hardware, uninterrupted power supply

		Blending - Combining digital sounds with the natural sounds of the environment to produce sound reinforcements								An interception and manipulation of auditory information to alter users' perceptions		Wayfinding/GPS navigation - indoor or outdoor		Tourists in a foreign country/location, visitors at an unfamiliar building, hospital staff members, mall visitors, visually impaired individuals, auditoryily impared individuals, HUD displays for drivers		Any form of navigation task irrespective of scale where users benefit from receiving real time virtual auditory cues so that their cognitive workload is reduced to allow for a more pleasant experience with their immediate physical environment as they navigate from point A to B.		Earphones (AC or BC), spatialized audio, hand held device, head tracker, seamless interaction, long battery life, easy activation/deactivation

		Overlaying - Using audio to provide a user with additional information that is relevant to their current activity.								Mobile audio augmented system that tracks head position/orientation to place sound sources around the user to provide virtual audio overlayed over the physical space		Feedback/Warning signals		Novice/proficient factory workers, nuclear power plant workers, vigilant task workers, multitaskers, EMS workers, workers in poorly lit environments		Instances where dual/multi task performance benefits from audio-visual cues versus visual-visual cues. It can represent high stress scenarios or where redundancy is important to avoid user error.		Earphones (BC), speakers, head tracker, gaze tracker, minimal harware, seamless interaction, uninterrupted power supply

										Use of audio to supplent the real primary environment by altering/enhancing the perception of an item/situation		Soundscape recreation of an alternate physical space		Simulation attendees, safari/outdoor explorers, office workers, writers, aritsts, museum/movie goers, young adults		Recreational activities such as museum tours, aquariums, safaris, movies, music festivals, karoake. Situations where a heightened sense of immersion thrugh audio leads to a greater user experience, or provides users with a sense of being present in a different space or time while still interacting with their immediate physical environment. Could be outdoors or indoors.		Earphones (AC or BC), speakers, spatialized audio, head tracker, GPS tracker, seamless interaction, long battery life

		Augmented Reality								Sonification of real-world environment (e.g. driving, walking) rather then sonification of pre-obtained data.		VR sound application		Young adults, individuals seeking high immersion, simulation attendees		Enhancing VR based immersive experiences using virtual audio to create an endless number of simulations potentially allowing for true MR (mixed reality)		Earphones (AC or BC), speakers, spatialized audio, head worn device, seamless interaction, minimal hadrware, uninterrupted power supply

		Combine real world richness with richness of compuational information without isolating poeple from each other								Audio working in conjunction with visual AR to asist in some primary task		Animating physical items with virtual sounds		Older adults, exploration enthusiasts		Embedding virtual sound sources to static objects in the physical environments to allow for easy object finding. For example, using auditory icons or earcons to allow for easy navigation or object finding.		Earphones (AC or BC), hand held device, seamless interaction, easy activation/deactivation

		Combines virtual and real content								Digitally generated audio on top of reality to add to it, but not take away from it		Noise Masking, visual object detection and description		Construction workers, military personnel, writers, artists, musicians		Users that would benefit from removing layers of sound (instead of adding) from the physical environment to create a safer or more productive working environment.		Earphones (AC), GPS tracker, shareable devices, long battery life, easy activation/deactivation

		Virtual content interacts with the physical in real time

		Real-time combination of real and virtual worlds

		Perceiving and interacting with more than what is present in reality

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































v3.0

		Audio Augmented Reality (AAR)

		Augmented Reality		Definitions		Use Cases		Users		Context		Form Factors

		Virtual content interacts with the physical in real time		Action of superimposing virtual sound sources upon real world objects in real time		Training scenarios		Military personnel, police academies, surgeons or medical professionals, firefighters, driving or flying school students, athletes		Training purposes where the user is required to perform focused tasks with possible distractions of varying intensity, or where the costs of making errors can be fatal. Simulation of potentially dangerous scenarios where increased immersion through audio leads to higher ecological validity.		Earphones (AC or BC), speakers, spatialized audio, wearables, shareable devices, minimal hardware, uninterrupted power supply

		Perceiving and interacting with more than what is present in reality		An interception and manipulation of auditory information to alter users' perceptions		Wayfinding/GPS navigation - indoor or outdoor		Tourists in a foreign country/location, visitors at an unfamiliar building, hospital staff members, mall visitors, visually impaired individuals, auditoryily impared individuals, HUD displays for drivers		Any form of navigation task irrespective of scale where users benefit from receiving real time virtual auditory cues so that their cognitive workload is reduced to allow for a more pleasant experience with their immediate physical environment as they navigate from point A to B.		Earphones (AC or BC), spatialized audio, hand held device, head tracker, seamless interaction, long battery life, easy activation/deactivation

				Mobile audio augmented system that tracks head position/orientation to place sound sources around the user to provide virtual audio overlayed over the physical space		Feedback/Warning signals		Novice/proficient factory workers, nuclear power plant workers, vigilant task workers, multitaskers, EMS workers, workers in poorly lit environments		Instances where dual/multi task performance benefits from audio-visual cues versus visual-visual cues. It can represent high stress scenarios or where redundancy is important to avoid user error.		Earphones (BC), speakers, head tracker, gaze tracker, minimal harware, seamless interaction, uninterrupted power supply

		Combine real world richness with richness of compuational information without isolating poeple from each other		Use of audio to supplent the real primary environment by altering/enhancing the perception of an item/situation		Soundscape recreation of an alternate physical space		Simulation attendees, safari/outdoor explorers, office workers, writers, aritsts, museum/movie goers, young adults		Recreational activities such as museum tours, aquariums, safaris, movies, music festivals, karoake. Situations where a heightened sense of immersion thrugh audio leads to a greater user experience, or provides users with a sense of being present in a different space or time while still interacting with their immediate physical environment. Could be outdoors or indoors.		Earphones (AC or BC), speakers, spatialized audio, head tracker, GPS tracker, seamless interaction, long battery life

		Real-time combination of real and virtual worlds		Sonification of real-world environment (e.g. driving, walking) rather then sonification of pre-obtained data.		VR sound application		Young adults, individuals seeking high immersion, simulation attendees		Enhancing VR based immersive experiences using virtual audio to create an endless number of simulations potentially allowing for true MR (mixed reality)		Earphones (AC or BC), speakers, spatialized audio, head worn device, seamless interaction, minimal hadrware, uninterrupted power supply

		Combines virtual and real content		Audio working in conjunction with visual AR to asist in some primary task		Animating physical items with virtual sounds		Older adults, exploration enthusiasts		Embedding virtual sound sources to static objects in the physical environments to allow for easy object finding. For example, using auditory icons or earcons to allow for easy navigation or object finding.		Earphones (AC or BC), hand held device, seamless interaction, easy activation/deactivation

				Digitally generated audio on top of reality to add to it, but not take away from it		Noise Masking, visual object detection/description		Construction workers, military personnel, writers, artists, musicians		Users that would benefit from removing layers of sound (instead of adding) from the physical environment to create a safer or more productive working environment.		Earphones (AC), GPS tracker, shareable devices, long battery life, easy activation/deactivation

		Definitions Within Audio

		Soundscape		Keynote Sounds		Sound signals		Soundwalk		Enchantment		Blending		Overlaying

		the acoustic environment as perceived or experienced and/or understood by a person or people, in context		Mostly background sounds such as wind, water, birds, insects		Foreground sounds such as whistles, bells, horns; sounds unique to a soundscape area		Subjective measure of immersion		Adding meaningful sound to an object that would not otherwise make meaningful sound.		Combining digital sounds with the natural sounds of the environment to produce sound reinforcements		Using audio to provide a user with additional information that is relevant to their current activity.



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































v3.0s

		Audio Augmented Reality (AAR) - Simple

		Dimensions		Definitions		Use Cases		Users		Context		Form Factors

		Customization		Digitally generated audio on top of reality to add to it, not take from it		Noise Masking, visual object detection, animating physical items with virtual sounds, VR sound applications		Construction workers, military personnel, writers, artists, musicians, older adults, young adults, exploration enthusaists		Users that would benefit from removing layers of sound from the physical environment, like to create a safer or more productive working environment. Could also be used for enhancing VR based immersive experiences with virtual audio. Or could be used for object finding, which would involve virtual sound sources to statif objects or locations.		Earphones (AC), GPS tracker, shareable devices, long battery life, easy activation/deactivation, hand held device, spatialized audio, speakers, minimal hardware, seamless interaction, uninterupted power supply

		Immersion		Use of audio to supplent the real primary environment by enhancing the perception of a situation		Soundscape recreation of an alternate physical space, training scenarios		Simulation attendees, outdoor explorers, office workers, writers, aritsts, museum/movie goers, young adults, military/police personnel, medical professionals, firefighters		Recreational situations where heightened audio immersion leads to greater user experience and provides a sense of presence in a different space or time, but still allowing for interaction with the physical environment. It could also be used in training purposes where the user performs focused tasks with distractions of varying intensity, or where errors can be fatal.		Earphones, speakers, spatialized audio, head tracker, GPS tracker, seamless interaction, long battery life, minimal hardware, wearables

		User Context		A manipulation of auditory information to alter users' perceptions		Wayfinding/GPS navigation, feedback/warning signals		Tourists/visitors, hospital staff members, visually/auditorily impaired individuals, drivers, factory/power plant/EMS workers, vigilant task workers, multitaskers, workers in poorly lit environments		Navigation tasks where real time virtual auditory cues could be helpful so that their cognitive workload is reduced. When multi task performance benefits from audio-visual cues versus visual-visual cues. High stress scenarios or where redundancy is important to avoid user error.		Earphones, spatialized audio, hand held device, head tracker, seamless interaction, easy activation/deactivation, minimal hardwear, speakers





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































EI1

		Name: Dr. Iain McGregor (Audio expert) - Lecturer in Sound Design at Edinburgh University, since 1988

		Question

		What is your understanding of AR?		AR is, if we think of MR being in between, then AR is augmenting the real world and that we are overlaying onto the physical world. Weve been doing it for arguably 1000s, or 10000s of years. If someones read a story to you, then you've experienced AR. So too through music, the radio, podcasts. It is continued through your phone, where you visualize through that.		Overlay

		Do you think listening to music, through loudspeakers or earphones, can be considered an example of augmented reality (audio in AR)?		Yes.		Confidently Yes

		According to you, what are the requirements for sound to be considered an application of audio augmenting your reality (AAYR)?

		Which use cases or scenarios, do you think, will benefit users the most as an application of AAYR?		Every scenario I am working on (hospital, entertainment, interaction, ...) applies. There isn't a scenario that does not benefit from Audio AR, even those that are deaf.
For the deaf - there is no such thing as completely deaf. It's more a case of where the frequencies/perception become more inefficient such that they can't experience it. They can still feel the physical vibrations, and you can use loudspearkers has haptic devices. I am working on a system for those who are deaf to edit podcasts? so we need to change the pitch into a haptic range so that they can feel the haptic range.
There isn't a scenario it does not apply to.		Haptic feedback can be consdiered AAR. Lower than 20 Hz can be felt, but not heard. Dependent on user task.

		Can you discuss which users in particular might benefit the most in their respective scenarios from AAYR?				Could be everyone, even deaf persons.

		In terms of auditory displays, which is the most important aspect, with respect to human hearing, for providing information? (ego vs exo-centric display, spatialized vs non-spatialized sound, speech vs non-speech sounds, amplitude, pitch, etc)		It doesn't matter. Its all about finding out what people are comfortable with using and matching it to them - there is no one size meets all. Irrspective of where you are, you would have the same sound? "Hiding to nothing". It's a completely pointless exercise. If we can't agree on anything (like how to turn on a light/open a door), how can we make a universal auditory experience. The auditory augmentation sometimes needs to come from a loudpeaker, or from something else.
//Sony headphones that look like doughnuts// -- air conduction. They are just open and the sound passes through naturally. 
Anbie? ear cuffs. -- expecting cartilage conduction to be the next big thing, until these came out.
cartilage is more efficient than bone, it excites the air, and augments the audio coming in from the air. There is no crossover?		Demographic dependent. Personal choices.

		What form factors (hardware, such as earphones) do you imagine being used in application of AAR? 		Everything. It shouldn't just be confined to the headphones earbuds. It really is a case of what is natural for the person to use. Like with glasses, how many people use the same glasses, it's not going to happen that way. Some like a portable speaker, some want augmentation to come from a speaker that surrounds them, some want headphones. There is no optimum method, there are suspension drivers. You don't want to wear the same headphones all day.
Inconpspicuous - Apple are going for using air pods pros as hearing aids. So that you can hear what someone else will say. It will just be like headphones in general. If you are using AR to speak a second language or cheat in class, you would want it to be as inconspicuous as possible. If you are playing a game/going for a walk, you may go for something branded. It won't matter. If you are woking for the police/fire brigade, then it has to be discrete, beacuse you will be having head gear, and you can't have others hear what you are doing/listening to.		Demographic and context dependent. Goal relevant.		Consider making continuum to place expert opinions on.

		Based on this discussion, how would you define AAYR?		It's a way of providing additional information on some action through sound.		interactive sonification related. action means user task?

		As an emerging field, what future directions do you envision for AAR? For example, vision based AR systems  have matured for application in aircrafts and vehicles as Heads Up Displays (HUDs).		It exists already, your turn signal has AR. If anything the visuals haven't caught up yet.		is sound feedback or instruction? can define is some sound is AR or no. but according to him, all sounds are AR. The turn signal here is for the driver; other drivers don't hear the sound, only see the visual stimulus (orange turn signal). so it is reminder/feedback.

		We will now show you a taxonomy that was developed after a literature review. Please share your thoughts, comments, and suggestions on ways to improve it.		It;s helpful to have a one-two word thing on the first column, so that where it says AR, take that down to a couple words. That will make everything else fall into place. Extending reality can be used for some.
In one of our projects we are looking at getting rid of the speakers in hospitals, so in that case we want all the sounds to appear to come from real world objects, but only be heard by staff. This would be better for patients, who then won't have to hear audio unnecessary for them. It's not just training scenarios, but day to day uses.
Firefighters and health care/surgeions - also for phyisical therapy. We match up the audio with the left and right hand sides.
For drivin - tell the driver about their driving (you're driving too dangerously, be more careful). applications with messages/texts
Use case- Why not use the term hearables. The general term for smart earphones. The literature is outdated, they have not been keeping up. Neck speakers - don't sound good, but can with DSP. Same with bone conduction. If you don't mind it being quiter, you can make any speker sound better. 
Series on cave paintings - In terms of sound. A lot of caves have ideophones, natural objects that make sound when you strike them. Their acoustics are pefect for making the sound of animals painted on the walls. Cavepaintings are early theater and early animation, especially with fires which can animate the paintings. Teach people to hunt or for entertainment. AAYR goes back really far. 
Soundscape from Microsoft - spatialized/directional sounds.
Tourists - absolutely, did a project on that years ago. 
Factory workers/EMS - yep.
There's a pair of commercial glasses for people that are blind which can read. You can train it to recognize people's faces. More simple way of doing that, with iPhones.
Videogames - surely, zombie running game, which is audio only. When you are running, you can simulate zombies chasing after you. That's intended for being outside, in the real world space.
Museum tourism - have you ever been around a museum with a curator? They tell you amazing stories about objects, who donates it, when it got lost, how it relates to other pieces. It is far more interesting. Persuade a museum to get a curator to talk about pieces they are pasionate about.
Metaverse - I think people will get as bored of it as with PokemonGo. But it can be used in many ways, Google glass, Apple glass, etc. When it becomes commonly used, the virtual world will catch up. I could be in a call here, but one of us could have an avatar representation of themselves and it would sound like they are coming from where they should be coming from audio-wise. If I want to have it such that my audio is a 19th century castle, I could do that. Text-to-speech is getting so good. If anything it will improve audio quality dramatically. If it happens to be someone you speak to often, then the synthesized voice will be on my device, and that will be their real voice. If you think about it, do you think of you tv or computer as anything different from your home as a device. They are all computers, all are eletrical goods. 
If we look at sonic bubbles for privacy, then the server doesn't have to send the same files to everyone. Everyone wants to be out front. 
Older adults - we are exploring that with people with dementia.
One project I'm doing looks at auditory performances? Something about food.
Sony's headphones - three different channels: background sounds, everything that's not you, and your controler to work out distance from the sensor to make your weapon sounds/etc. Can also delay sounds that arrive from speakr, so that it gives the impression from coming from the controller. All your avatar sounds come from your headphones. And so splitting that apart, so that intellectually, we are trying to make people forget about pixels playing and your plastic. 

Definitions - Even if you were standing next to your idential twin, you would still experience two different soundscapes [soundscape def.].
Keynotes - more so identifiers, not mostly backgrounds, not in the psychological way, they are providing context. If you think of a keynote speaker, you wouldn't consider them background sounds. They are in the background but they are not unimportant. Figure is what you are actively paying attention to, ground is everything else.
Soundwalk - //Found the definition interesting//  (https://www.sfu.ca/sonic-studio-webdav/handbook/Soundwalk.html) Well established. 
Enchantment - I agree with that definition, but what you are doing is extend/enhance the listeners understanding. If you think of those keys, if you hear someone pick up those keys at 4 AM, then you have that meaningful sound. All sound has meaning to somebody, otherwise we wouldn't call it sound, we'd call it noise
Blending - It's not just natural sounds, you can think of the preexisting sounds. Change natural to preexisting in the definition. (Electric guitar as a form of blending) - Depends on how you are using it; just a musical instrument or using it to wake up your brother. All instruments have some form of natural amplification. In that scenario the electic guitar is working as an amplifier. The reinforcement is a bit of a confusing term. In sound you have sound reinforcement, but you also have reinforcement in that youre adding additional information (like with a metaphor). 
Overlaying - How many of the alerts are left on on your phone? Hopefully relevant to the current activity. There is so much being added that is rubbish. 		Providing audio cues to only those who need it, for day to day use. Perceived reality - diminishing reality, noise masking. Healthcare sonification papers - trimlab MS students. cite previous driving related papers. Tim Zimmer audio games. Autism, dyslexic individual benefit from AAR. Blended sonification - thomas harman, ICAD. Working memory analogy - work with 2-4 bits of information at a time; accuracy drops with auditory information - requires training.		Diminishing Reality (https://journals.sagepub.com/doi/pdf/10.1177/1071181321651103) 				Diminishing Reality for AAR

		We will now show you a video demonstration of the  capabilities of  AAR using a prototype device. Please rate your satisfaction of its performance on a scale of 1 to 7, where 1 is highly dissatisfied, and 7 is high satisfied. Next, please provide your thoughts and ways to improve the application.

		Pedestrian safety notes

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































EI2

		Name: Dr. Missie Smith (AR expert)		Martha Irene Smith, Studying AR since 2013 (about 9 years now)

		Question

		What is your understanding of AR?		Using some computer or form of digital something to convey information over the world that wouldn't be there without it. Could be as simple as showing the line of scrimage in a football game. Anything thats giving more informtion than without the display.
Could your def lead to shared exp? It could, as with something like visual with TV. I have a very visual skew when it comes to AR technology. Obviously sound can be a shared experience.				Convey novel digital information. Shared experience - yes.

		Do you think listening to music, through loudspeakers or earphones, can be considered an example of augmented reality (audio in AR)?		I dont think theres a split between AR and VR, theres a split from totally real and totally virtual.If I completely block out all of my sound and am listening to music, I would call that a form of VR for audio. For it to be AR, I would need to hear the outside and inside, the birds chirping and the digital world.				If only digital sounds and no real sounds, that is auditory VR.If real sounds audible, yes it is AAR.

		According to you, what are the requirements for sound to be considered an application of audio augmenting your reality (AAYR)?		A synthetic representation of audio sound in some format that is portrayed to the person. Im assuming AR means you are letting some things through, depending on how you see that spectrum. Could just be watching the TV, as thats kind of a form of AR for sound. It is giving you more information and it is digital.				Any digital audio is AAR - but real sounds have to be audible.

		Which use cases or scenarios, do you think, will benefit users the most as an application of AAYR?		When I think about the entire experience of that spectrum from reality to virtuality, and how do we make it more rich? Or better? Ive been thinking about blending across virtualities, so that you can play music, or you can add information on to the real world (ex: ask Alexa to explain a recipe). For AR, the real benefit is that mixing of adding additional information across all of the senses. And theres power to that, because our brain views the world in blocks, so we could trick the brain and help make it think differently. Think haptic cues around the wrist, where when you add a visual graphic of a ball rolling on your wrist, you could feel that. We can make up for inabilities in tech with audio to fill those gaps.				AR can use all senses. Audio can fill gaps due to sensory inconsistencies.

		Can you discuss which users in particular might benefit the most in their respective scenarios from AAYR?		It depends on the applications itself. My theory is that we don't totally understand what it could be, because we don't have it yet. It really does depend and we wont understand it until later, but I'm not sure when is later?
Which users find visual AR helpful? I would give a similar answer, though for example people who are hard of hearing many not benefit from AAYR. Its kind of like looking at disability in phases, because you could have it for a lifetime, a season, or a moment. Thinking of this in AAYR, I may have some limitations like not wearing my contacts in the morning, so AAYR could be great there. Or with a degenerative eye disease, which could be a season or a lifetime. Thats underselling it still, because it makes audio seem like its only good if something else is failing. Theres probably more intstances where audio is important that I am not considering.				Those with hearing loss won't benefit from AAR. Present information when necessary. Temporally scalable use cases.

		In terms of auditory displays, which is the most important aspect, with respect to human hearing, for providing information? (ego vs exo-centric display, spatialized vs non-spatialized sound, speech vs non-speech sounds, amplitude, pitch, etc)		I think that at its most basic, the principles of an audio displays. I think thats the starting point. But, what if that changes for AAYR? Thinking about visual AR, you start with principles like what are the grounding principles in this case. For visual you now have graphics plus the world. So context for AAYR is really important, it depends on the environment. I dont know that anything really changes about it. Going a step further and saying that theres probably another shift with spatialized Audio AR, I don't know what that would be. But there would be shifts in it.				Same principles of audio displays apply to AAR.

		What form factors (hardware, such as earphones) do you imagine being used in application of AAR? 		Theres a lot of interest in wearable technology, you could imagine some kinds of headones, like in ear, bone conduction, etc. All that stuff exists so thats a possibility. But could we also store some audio information in a specific location, like with speakers, instead of it being localized from a person, for exaple. I think that there would have to be something on the person, possibly glasses with bone conduction properties, or even a watch with some audio capabilties. It depends on if it were for one person or for many people.
Right now when we thing of hearing aids vs, visual aids, visual aids can be larger and become more of an accessory, esp when comapred to the inconspicious hearing aid? Will the devices be as small as can be? -- This gets into market trends and what people accept into new technology. Its something similar with airpods for example, which is a small think, but is also a statement in a sense. Theres definetaly a trend for that. Some of that is seen with headphones, but part of that was driven by the use of cords. The form of the device may have some flexibility, so it depends on if it gets in the way of something else, like changing my shirt, for example. It would depend on the convenience. There is a tradeoff between comfort and fuction which is a key driver of that as well. And thet may drive that conversation as well.				When required, the auditory information can become part of the environmental sounds as a shared experience, but otherwise remain accessible to individuals that need it. Consider comfort and function trade offs.

		Based on this discussion, how would you define AAYR?		I dont think that my definition changes necessarily. AAYR could be indivcidually worn so that it is spatialized locally, but I also think that it could be a speaker playing music the next block over. There are differnt forms, and they all have unique value.

		As an emerging field, what future directions do you envision for AAR? For example, vision based AR systems  have matured for application in aircrafts and vehicles as Heads Up Displays (HUDs).

		We will now show you a taxonomy that was developed after a literature review. Please share your thoughts, comments, and suggestions on ways to improve it.		I think that this is just a massive space, so when I am even thinking about the context, its hard to keep that as a piece of a taxonomy for something else, because there so much richness there. Some of this is more theoretical, and some is more specific like recreational activities.
Under form factors, I differ more than others you may have talked to. I still find a stereor to count as a form factor for AAYR, unless you are talking about AAYR for an individual, where you need control over the sound.
Use Cases -- I think that context is a way to get to use cases, and I say this because "training scenarious", well what if its just leanring in general, like what kind of learning moments would we be forming. Youve got some classic moments of when we as a field have thought of AR, like with getting feedback from training, or navigation and wayfinding. These are all very reasonable. I think that soundscape recreation is an important one, so that we can also give a feeling or an emotion, effectively a nonverbal essence. And theres probably research into what kind of music makes you feel different things. VR sound applications, mixing more and more real and virtual integration makes sense, and that is important. I did a study about augmented mirrors, we got feedback about these specific graphics, sometimes a car would drive by and its interesting how the wrong sound can destroy that sense of presence, or what youre feeling is real. You may want to include some about the value in removing sound. AAYR is often seen as additive, but it also dimishes. We should probably consider diminished reality. This is a subset of AR, from my internal definition, so sound cancelling headphones would work like that. In this sense you could cancel out the wavelengths, so that my ears don't regiester it (in comparision to sound masking). What sounds do you let through, because in some cases it is very important. Especially with things like military and construction purposes.

Do you think there should be two versions of the taxonomu, high level vs street view?
This document as it is gives more information about how the goals and defintions of AR from different perspetves. A different kind of framework could help me think about the different perspectives could give a more general view. I always think of things in terms of the human, the task, and the environment. How does that change the needs of the system? I do think there is value in this split, because the street view gives you the detail and the richness, and the birds eye view gives you the connection.		Behavioral changes?
Ethical question there - should we change people's behavior. Its one of those thinsgs where it may be something like causing a physiological change bcause of the waveform, but it could also change someone because of what it evokes
As you move further into these genearlized things, like shoudl you make people feel happier in jail.
Can consider that effects of sound chaneg in the workplace, could it have a negative impact on you? Changes how you focus possibly.		Loudpseaker sound is AAR - yes.Removing certains environment sounds is AAR - yes.Have a high level taxonomy as well as a detail level taxonomy (hierarchical)

		We will now show you a video demonstration of the  capabilities of  AAR using a prototype device. Please rate your satisfaction of its performance on a scale of 1 to 7, where 1 is highly dissatisfied, and 7 is high satisfied. Next, please provide your thoughts and ways to improve the application.





EI3

		Name: Dr. Kangsoo Kim (AR expert); 7-10 years now research focused on ~AR human interactions. How people interact with them, based upon human features

		Questions

		What is your understanding of AR?		Immersion of virtual and physical stuff together. My view has changed as time goes by, like 12 years ago when I first started my research in AR, I read a paper that defined AR, and thought of it as more of a visual interaction type thing. The registration part was important, how the virtual was regestered in the physical space. But with audio and other perceptory parts, I feel like its more than just the visual aspect, like with audio and haptic. I am trying to see this terminology in a more broader sense these days than when before.				visual interaction, registration, and perception of virual information in the physical space. Can be multimodal.

		Do you think listening to music, through loudspeakers or earphones, can be considered an example of augmented reality (audio in AR)?		Its interesting, yeah it really depends on how you define AR, but right now, to me AR is more like an adaptation where people have already gotten more use to it. Its already my reality, I can listen to your voice through my headset. Maybe 100 years ago if we coined that technology, when we first invented that music system on technology, then maybe we should consider it AR at the time. But right now its difficult to say, because it is part of my reality.		Every time I present my research to the audience, I always try to present what the reality is, which is baed on my experiene. AR is enhancing my experience, like with this video call right now. Reality has been changed to me, and my perception of reality has changed, and this AR technology are just the tools to change/enhance our reality.
There is a researcher in U Penn, Computer Graphics Professor Normal Bedlan, paper is from the late 90s or early 00's, he mentioned that our generationmight be the last that distinguishes between the real and virtual world. But, who knows? Howe we define AR may change in the future, it could just become reality, where we dont have a difference in virtual and physical space.		adaptation dependent may perceiving virual sounds as real sounds, then it is no longer AR. Hence, AR definition dependent. Have to define reality to understand what the augmentation is. Listening to music is AR? No

		According to you, what are the requirements for sound to be considered an application of audio augmenting your reality (AAYR)?		Going back to the definition we mentioned in the AR literature, onr of the things is the registration in that physical environment and the interactivity. To me the AR with the physical environment should consider the real aspect. To me if I want to call the AR at the stage of the current tech, it depends on the scenario or context that I have. On top of this context, I am doing a tast, so I can extend my experience related to this context, then I would call it AR related to the modality.				Registration and interaction with physical world. Context dependent. User goal or task dependent. 

		Which use cases or scenarios, do you think, will benefit users the most as an application of AAYR?		Related to the concept I mentioned and the user's experience, each user may have a different expeirence and perception of reality. AR, especailly related to the audio, many researchers have looked into the audio effect for the visually impaired. For their experience, they cannot really see, but through the aural feedback, they can extend their feedback on top of the real data. They can now process more. That is certainly an AR.
Also even with the AR if the user can only see the visual stimuli, that could be one scenario for the training. What we develop is mostly based on a combo of visual and aural senses together. So AR that combines these two data could be considered AR. When I talk to a virtual human in front of me, not only am I seeing them, but I am talking to a virtual agent, and that case is plausible and I can extend my virtual communication through that agent.				Visually impaired individuals, use audio to extend their percepetions. Multimodal AR for training purposes, embodiment of virtual information.

		Can you discuss which users in particular might benefit the most in their respective scenarios from AAYR?		As I said before those particular groups who don't have ability to see or limited to other modalities, sensory modalitites. Also if they cannot really hear well, and if we can somehow emphasize the magnitude of the sounds. These days a lot of entertainment industries have VR show in the metaverse or virtual reality showroom, where they can have like a concert for example. In the AR space, you can have that aural space for AR concerts in a physical space. That kind of audience would benefit from aural AR. In daily life, people can use this audio based AR, if I need to specify the application areas, then I would say entertainment. We can extend the use cases, but I don't think thers a particular group, rather general users.				Those with limited vision or other modalities. Aural AR concerts in a physical space. Entertainment use cases for users in everyday life. Everyone can benefit to an extent depending on context or use case.

		In terms of auditory displays, which is the most important aspect, with respect to human hearing, for providing information? (ego vs exo-centric display, spatialized vs non-spatialized sound, speech vs non-speech sounds, amplitude, pitch, etc)		It really depends on the scenario that you want to use it. There is no silver bullet per se. Sometimes its good to have an ego centric, where only I can hear and you can't. But it really depends on the users needs at the time.				Scenario or context dependent. User need dependent.

		What form factors (hardware, such as earphones) do you imagine being used in application of AAR? 		In general AR displays will have that auditory device together as well. Example is Hololens with its audio system. But I don't really want something clogged in my ear. Something like ~bone conduction~ might be nice in this case. In general the AR device, wearable or whatever type of display, will be related to that kind of form factor. If I have to think of a more futuristic device, now we have hololens/magic leaf/snapchat glasses, but we want to develop lightweight displays. In the end, if we have some implanted display, we could do the same with audio impants in the human body.				Bone conduction, lightweight, auditory implants in the human body

		Based on this discussion, how would you define AAYR?

		As an emerging field, what future directions do you envision for AAR? For example, vision based AR systems  have matured for application in aircrafts and vehicles as Heads Up Displays (HUDs).

		We will now show you a taxonomy that was developed after a literature review. Please share your thoughts, comments, and suggestions on ways to improve it.		It all makes sense.
I think many of these definitions adress physical reality register aspect. The first one is very close to the one by Azuma I think. The second one is quite interesting, its more modified signal I think. I think this is more general. I cannot complain about any of these definitions.
Use Cases - The second from the bottom is a bit confusing to me, its a very general situation. Im not even sure if I can consider it a use case - animating physical things with sounds. Its somewhat similar to some of the others then. Its pretty similar to what we have in the last row as well. Thats what I though and also I was thinking about education type applications which will benefit with the audio AR stimulation. There are papers which have focused on that. Theres also a difference between education and training for instance. One of the projects Im involved in is a literature review on spatial systems. Maybe the auditory information can extend that spatial coginition information to depend on my location and the surrounding buildings/objects. The interception or the manipulation of auditory info could help you understand how the sound works and then you can learn the phyiscal phenomenon somehow. Education then could be one of the use cases.
I think this table misses entertainment, like virtual/AR concerts for example. Also imagine a concert happening in some place on campus where some people don't really want to listen to that music, so they can use their own AR display which does not mess with anyone else's displays. That kind of a use case could be included if you are not limiting your scope to the literature review that you have found. 		Is it more of a singular or shared experience?
These days the head mounted system is more individualized. One of my concerns is that kind of visualization. This is more of an ethical thing, like with Black Mirror, which showed dystopia involving where each person has their own experience that can cause some difficulty in communication. If your reality is completely different from my reality, it would make communication much worse. Technology is too fast for the regulations or the policies. Which cant follow as usual. I think the audio stimuli is the same. I think we're getting more and more focusd on that customized individualized experience, but I would like to somehow communicate with other people. How I can actually understand what you are thinking and what you are trying to do (theory of the mind). It should help for us to communicate in a better way. 
Echo chamber question.
Thats what Im always trying to keep in mind as a developer.scientist. When the public first sees these AR experience, there are mulitiple kinds of experiences. Some really like it and some are concenred about their impact on people. Thats what I always try to keep in mind and not forget. A lot of users use social media these days, like with YouTubes recommended and related videos, which is pretty much the same thing that I liked,and Im more exposed to that same contecn again and again, which limits my opportunity to explore other things. Thats what I want to try to avoid. I dont want that kind of technology. I dont want to forget about that, or have that kind oftech to limit myslef. This could also cause a great knowledge gap between those have the tech and those who cant access it. I don't believe there is good or bad tech, but the way to use the tech had good or bad effects.		Physical reality registration. Animating physical objects with sounds - not AR? Separate Training and Education use cases. Location based audio spatialization - understand how sound would behave in a specific location. Add entertainment use cases - selective concert goers - those not interested can choose an individual different audio display. Individual AAR is good but should not hinder ability to communicate with others in the immediate physical world, if not in a better way. AAR should not create individualized echo chambers - social collaboration must exist. Equity issue between those with access and those without.

		We will now show you a video demonstration of the  capabilities of  AAR using a prototype device. Please rate your satisfaction of its performance on a scale of 1 to 7, where 1 is highly dissatisfied, and 7 is high satisfied. Next, please provide your thoughts and ways to improve the application.





EI4

		Name: Dr. Seongkook Heo (AR expert); Assistant professor at UVA, research in HCI, specifically in new interaction techniques with new interactive technologies like haptic tech. Also builds new tech for new platforms, so building new devices, wepbages, online sources, etc.

		Question

		What is your understanding of AR?		AR is using computers to understand the surroundings; understand the actual/real world environment. Based on its understanding, it is using compuyting to add something to it, like technology. Computers understanding the environment and mixing audio/virtual information with the real world.				Digital data to understand the physical world by adding to it.

		Do you think listening to music, through loudspeakers or earphones, can be considered an example of augmented reality (audio in AR)?		Yes, I think its a very interesting area. A lot of AR systems are things that we visually see, like seeing some real world objects and using your phones, which gives you a measurement for those objects. But it does not just have to be visual, we listen to these surroundings. It depends on how it augments the reality. If you are just listning to some music or guidance, that is not really related to the reality, so it isn't AR. But if it is related to reality, for example Microsoft did a project about mixing audio information/sound with navigation system for visually impaired people (if you need to be at some place, you use spatial audio to help for navigation), it is difficult to say if it is really augmenting reality. There is another paper about wearing a helmet for bikers. The helmet has a camera which will see the camera and what you are approaching and will play some music/sound that is directly related to the distance, speed, object that is near the biker. Sonification can help you understand the surroundings. So we have computer interpreted sound.		Mentioned about how sound should be related to reality/persons task:

Assume that you are in VR, then what you are seeing is all virtual, there is nothing physical. If you are seeing both the physical and virtual world, that is AR. So it is kind of a mix of the two. I think the same goes for AAR, if you are wearing headphones, you are blocking other sound, then you can only hear what the system is playing. You can also map the sound to some place, where some movements can be directly mapped to that. If you can still listen to the environment and what people are saying and if the computer is also generating some audio that is related to the physical environment, then that would be AAR.		How music augments reality. If audio not related to reality - not related to user's immediate surroundings or user's task - not AAR. No leaning. Sonification that interpret the real world can be AR - helps understand environmnet.

		According to you, what are the requirements for sound to be considered an application of audio augmenting your reality (AAYR)?		Already touched upon this.

		Which use cases or scenarios, do you think, will benefit users the most as an application of AAYR?		First, not everyone can see visual feedback, some are visually impaired. They should be able to take advantage of computing to enhance their lives. For those who are visually impaired, AAR can be really helpful. Sometimes you can't really afford to use your visual attention, like when driving. They should be used in  a very safe way, because you have to keep attention on the road, and in these cases AAR can be great. EX: if you are driving what you are seeing can be just reality, and this is the most imrpotant thing, because you have to focus. Audio is less important because people close their windows and just listen to music, but then it could be important. Maybe teh computer can intrepret the road conditions and sonify it in some way. Convert the friction coefficient of the road to sound.				Visually impaired. Visually distracted (driving) - multiple resource theory. Sonify physical elements such as friction coefficient into audio to understand environemnt better- AAR.

		Can you discuss which users in particular might benefit the most in their respective scenarios from AAYR?		Imagine youre having a conversation with someone else. When Google Glass first came out, when notifications were displayed, you can't just read it, you have to mobe your gaze to that notification part to read it. In that case, your eye is not just a sensor but also a channel to keep your eyes engaged. In those cases, having audio feedback may be helpful. If you cant really divert your physical attention, it can be helpful. If the user is working in the area of making many human contacts, then it can be useful.		I think it is all about characterisstics of the situation, of the context. All of these things are constraints that could be permanent, and they all have their own characteristics. AAR can be helpful if that context has some constraints related to the visual perspective.
Not being able to see or use the visual feedback is kind of the limitation, because you can use the audio feedback then. It can work better rather than just visual feedback just not being available. Maybe if the property that you are trying to sonfy can be better in audio that visual. If there is something that is more directly correlated with what happens in sound, then maybe those can be good application areas/		Users whos visual channel is occupied. Context driven - constraints of visual perception. Better perception of quantity through sonification than visualization.

		In terms of auditory displays, which is the most important aspect, with respect to human hearing, for providing information? (ego vs exo-centric display, spatialized vs non-spatialized sound, speech vs non-speech sounds, amplitude, pitch, etc)		I am not an expert in this, but when I use VR or AR systems, what I love about those systems is that they track your position. There is 360 tracking of your head, hand, and environment. Those are really powerful, because with a computer, you are using 2D information to manipulate properly. If the system can track our movement, then it can provide a lot of information related to that. If I want to look at the ceiling I can just look up. That seems simple, but if you are playing a game, it becomes a very tricky business. I think audio feedback can use some of this technology. Tracking tech is now better then ever. This can be really helpful in giving information, especially in relating virtual content to physical things. You have to have something spatial in these cases, because otherwise you are just getting audio feedback.		Distinction between spatial audio, watching a video in front of you, you can prove that same version of audio when simply listening to audio, it mimicks the same thing, but assumes the sound source is in front of you. Then is it really added meaning to that spatialization aspect.

I think it depends. If i want to listen to music, and my phones is in the back pocket, I don't want it to play from behind. Spatialized audio also uses HRTF to create this kind of audio. If you are havig some instruments play on left and some on right, that kind of become a standard stereo system. in this case, spatialied audio is not totally helpful. It is helpful when you remove the audio source and need to choose a place to play the audio from. 
It can be seen as something similar to Netflix in VR. The content you are watching is 2D anyways. So if you are sitting in front of a large screen/TV and watching a movie that is 2D and what you see around you is just the environment. People can sit next to each other and talking to each other than you can hear each other, but imagine you are in a VR world in an actual VR world that you can move around in. If you move around there will be all this virtual content that responds to how you act in the environment. You can have a flat audio signal, or it can create the whole spatial audio to give a more realistic experience.		Audio spatialization through head tracking and head related transfer functions. Place audio source anywhere aside from left and right of user (stereo sound)

		What form factors (hardware, such as earphones) do you imagine being used in application of AAR? 		The simpler the better. We already use a lot of audio devices like headphones and speakers or maybe some earpieces. If the audio AR device can be made smaller, that would be better.
I wouldn't say that smaller is necessarily better, because not everyone looks for the smallest headphones, like the ear covering headphones, and they provide better sound. If the AAR system can be made like those normal speakers, then it should be fine. AAR can be better at building hardware, because if you are using a visual system, it should be something that does (not?) look like glasses. It will start of not as very minimalistic. People already play audio with headphones, so we just need the computation.		To create and AAR system you need to understand the environemnt: you need the sensing system and the audio system, which can be done with an audio or visual display. A huge part of some AR systems are headsets, but some use smartphones, and tracking and sensing is usually done with cameras. So those cameras can be make small, and one of the biggest components in the display, that is what make these AR devices really wierd. Some devices move these units to someother unit, like the magic leaf device, which has seperate unit which you use like a holster on your belt. It is still kind of wierd and gigantic because of the display unit. If you thjink about this the computation unit bcomes better. Sensing only requires some cameras, and sensors which can be made really small. Headphones already sound great and work well. So among those 3 parts, one of the most difficult pattern is the actuaion part, which is already mature at this point.		Smaller, simpler. Understand environment. Separated instruments for tracking, sensing, displaying.

		Based on this discussion, how would you define AAYR?

		As an emerging field, what future directions do you envision for AAR? For example, vision based AR systems  have matured for application in aircrafts and vehicles as Heads Up Displays (HUDs).

		We will now show you a taxonomy that was developed after a literature review. Please share your thoughts, comments, and suggestions on ways to improve it.		I think those users and contexts make sense. I think the ones you have here make sense, but it is hard for me to understand it as a whole. Like how you are organizing this and how you are covering the whole aspects of AAR, like how you are augmenting. I think the taxonomy can probably have some hierarchies and some higher level ideas to maybe arrange these ideas. Like when you are augmenting the reality or using spatial audio. Maybe there can be some different levels, which is better than a list of items. It is hard for me to understand if it is fully capturing the whole idea.
There may be so much more that I could not think of, and thats the tricky part of having the list of things. But from what I have read those all sound quite compelling		A: If someone is playing an electrical guitar, is it AAR?

S: You are using computer to generate the sound, so that you are localizing the sound source, so that the player feels like the amp is beside them or near them?

A: Solely just a person with a guitar which is connected with an amp--

S: I don't quite get it, is it just the computer working as an amplifier, and there is nothing spatial about it?
I don't think it is AR, and that is because when the computer is simulating that, it has nothing to do with the room or the environment, which it has no understanding of. I would not say that is AR. It is just amplifying the sound.		Hierarchical taxonomy. Electric guitar sound - not AAR. 		Thinking from the computer's perspective - how the computer senses, modifies, and displays - not related to the human.

		We will now show you a video demonstration of the  capabilities of  AAR using a prototype device. Please rate your satisfaction of its performance on a scale of 1 to 7, where 1 is highly dissatisfied, and 7 is high satisfied. Next, please provide your thoughts and ways to improve the application.





EI5

		Name: Dr. Kyla McMullen (Audio expert)		I have been working with 3d audio since about 2008, so maybe 14 years. And I typically work on perception (3d audio, how can we make people percieve it, how can we augment it, remember where things are), applications (how we can apply 3d audio into lots of different contexts, like a musuem or firefighter search and rescue situation), and development (whenever we create a 3d audio solution we try to develop everything within it).

		Question

		What is your understanding of AR?		AR to me is reality perceieved often through a transparent glass, a reality that allows you to overlay either digital or audio components that is not already there, bt overlayed on the natural environment, but not in a way to not be able to perceive the natural environment. It sort of integrates with the environment.				Transparency, overlay new digital or audio components integrated with reality

		Do you think listening to music, through loudspeakers or earphones, can be considered an example of augmented reality (audio in AR)?		I think about that some times too, sometimes I like to listen to musicals, and I remember once driving with a friend and we felt like we were watching something. As we were listening we were making a world inside of your head that you perceive. Listening to things that have a story component could be considered AR. I can just hear a song from some play and be transported to that sound, even when just listening to that sound. "A: you said you passenger was almost immersed, while you were driving, correct? In this case your passengers have the primary focus of the song, but your primary task or goal is to drive safetly, do you think there is a distinction between categorizing your experience vs. your passengers in terms of which is and isn't AAYR.

K: I think that can both be consideered AAYR, but I am the person with the split attention, Im not as immersed as I otherwise would be. It should not distract from the actual environment, whether I focus on it is my decision, but it is still displayed so how much I pick up on it is my choice."		A: you said you passenger was almost immersed, while you were driving, correct? In this case your passengers have the primary focus of the song, but your primary task or goal is to drive safetly, do you think there is a distinction between categorizing your experience vs. your passengers in terms of which is and isn't AAYR.

K: I think that can both be consideered AAYR, but I am the person with the split attention, Im not as immersed as I otherwise would be. It should not distract from the actual environment, whether I focus on it is my decision, but it is still displayed so how much I pick up on it is my choice.		Story telling aspects qualify to be AAR - sound induced experiences. Context driven YES.  Immersion can vary.

		According to you, what are the requirements for sound to be considered an application of audio augmenting your reality (AAYR)?		Having direction, a spatial component for AAYR, because often times the things we are trying to portray have a natural location or an implied location in space. Theres one project thats a sort of navigation system, where you put in a lcoation on Google Maps and will ping in a certain direction to show how close/far you are. A lot of the projects I use for AAYR has a directional component, because number one stream segregation, so that people can split up the sounds in their environment. For safety a person needs to be conscious of their outside world, we don't do that, but it is probably really necessary. It is unobtrusive and has a spatial component, and its also able to be detected over the normal noise that happens in an environment, something that allows it to be heard.				Spatialization to denote location of source. Navigation purposes. Stream segregation to distinguish sounds over natural environment. Unobtrusive.

		Which use cases or scenarios, do you think, will benefit users the most as an application of AAYR?		Any sort of navigation, search, theres also fun as well. Some students made a Pokemon Go type game but only with audio. There is an entertainment aspect that sounds really cool, some could be serious, like for training. Overlaying actual fields with combat for a soldier to practice. Also orienting or finding a way point where everyone needs to meet up. I feel like sound is best over ears for finding things. "A: You know how Apple's AirTags allow you to navigate towards a missing object with a beeping, is that AAYR?

K: Yes, because it is helping you achieve some task and the audio is not of the natural world, and you are percieving it with your senses."		A: You know how Apple's AirTags allow you to navigate towards a missing object with a beeping, is that AAYR?

K: Yes, because it is helping you achieve some task and the audio is not of the natural world, and you are percieving it with your senses.		Navigation, search operations, entertainment - games, militray training purposes, over ears for finding things.

		Can you discuss which users in particular might benefit the most in their respective scenarios from AAYR?		People who perhaps have a lot of visial things to focus on and need an audio channel that can be different to or add onto the visual things they are looking at. It could help with offloading some work. For the entertainment, just about anybody. Yeah, people with visual impairments would find this helpful as well, to help them locate things. There would also, then, need to be something to help them navigate around obstacles.				Viusally intensive tasks benefit from auditory channel, offload certain workload. All entertainment purposes. Visually impaired, search operations.

		In terms of auditory displays, which is the most important aspect, with respect to human hearing, for providing information? (ego vs exo-centric display, spatialized vs non-spatialized sound, speech vs non-speech sounds, amplitude, pitch, etc)		I would also add representative cues, lets say a system represents 5 different beeps that correlate to 5 different objects, that cretes a mental load requiring people to memorize certain beeps and commands, so audio that can already associate them is important. I dont knwo if latency will come in here, but it will definetaly have to be in concert with the natural environment, to not make people nauseous. So that it is in tandem with peopls real worlds. Yes, spatialization is important, because at least to me, it is hard to distinguish between different sounds, but if they have their own location, our ears will have an easier time seperating those. "A: In terms of wayfinding, we usually find in the real world that the sound source is with the object (like with Apples object finding thing), it maybe useful to move that sound closer to you so that you can hear it. If you are trying to replicate this with wearables, is it useful to gudie someone to point A, then B?

K: Yes I was going to say break it up into way points. If something is 300 m away, we could set up say 10 points to help someone to get to their destination. It wouldn't work if you just had to also deal with all the sounds nearby to you and a very distant sound."		A: In terms of wayfinding, we usually find in the real world that the sound source is with the object (like with Apples object finding thing), it maybe useful to move that sound closer to you so that you can hear it. If you are trying to replicate this with wearables, is it useful to gudie someone to point A, then B?

K: Yes I was going to say break it up into way points. If something is 300 m away, we could set up say 10 points to help someone to get to their destination. It wouldn't work if you just had to also deal with all the sounds nearby to you and a very distant sound.		Representativeness of auditory cues to minimize mental workload, latency issues for immersion, reduce any nausea. Work in tandem with natural environment and people. Spatialization to easily distinguish sounds.

		What form factors (hardware, such as earphones) do you imagine being used in application of AAR? 		We have a project where we are augmenting the museum experience, we have all the technology its just not pretty. What had to happen was that we had to give them a processing unit on a Raspberry Pi in a fanny pack and some sensors to know what direction was facing in their headphones. There gets to be a considerable amount of tech. Putting all of this into one device is not the prettiest thing, but what might work best is some headphones that go in your ear and around so that you can still hear the outside world. If bone phones got to the place where their could be accurate for localiztion and you can still percieve the outside world. Either the exertenalization or elevation is not good with bone phones, but tech improves so we'll probably get there. Then your ears won't be covered, so then you won't be out of the world. In wayfinding you may want to still have focus on the road, for example.		.		Headphones inside ear or around ear to remain aware of outside environment. Bone conduction earphones but with better localization features; current BC are not good with exernalization or elevation 

		Based on this discussion, how would you define AAYR?		It has not changed much, I like that you brough out a lot of the use cases that I had not thought of before, like with hearing protection. With audio AR, its not necessarily about the device, like with visual AR you need a Hololens for it. Audio AR is any audio that you put over headphones that doesn't interfere much with the natural surroundings or that you can percieve some other information, direction, story, etc. Its basically giving you a different sense in conjunction with the real world.				AAR is not hardware focused, unlike visual AR. Provide diff sense in conjuction with the real world. Any audio that does not interefere much and perceive some other information.

		As an emerging field, what future directions do you envision for AAR? For example, vision based AR systems  have matured for application in aircrafts and vehicles as Heads Up Displays (HUDs).

		We will now show you a taxonomy that was developed after a literature review. Please share your thoughts, comments, and suggestions on ways to improve it.		For B3, do the sounds actually have to be associated with an object, or can it just be an area? I guess thats one thing that kind of jumps out, tying it to an actual object may not be necessary, like if I want you to walk to the left, I can just play audio to the left.
What would be a sharable device in F3? [We're assuming a headphones thing two people could share either in the same place or in different places] Is the sound relatvive to their position? [Its relative to their position but with them interacting in the same context] 
I'm looking at the head tracker under form factor, I definetaly understand the purpose of a head tracker, but just the feasability of it. Google Glass was ther etech wise, but people thought it looked dorky. 
What's the different between B6 and B7? [They are very close, a lot of the definitions have overlapping elements. In B6 we're thinking of recording the audio and enhancing it in some ways, like when walking in a park and enhancing the sounds of one birds sound coming from some direction to enhance the experience. And then in B7, this is talking about a form of sonifying the sounds that exist in reality but for preobtained data]
In D8, where it says that audio with visual AR to asist in a primary task, why is that only for older adults and explorers? [So I'm guessing older adults because they'll have diseases like Alzhimers and they could use help to find things. For explorers, that could work for anyone giving them an experience to explore beyond the actual physical trail] I guess my point was that older adults are not the only people who could benefit from this. People on the spectrum may have trouble with executive function and may forget these things. So you would be limiting it from people with cogintive abilities that coud also be helped by this.
I'm not sure if I understand the use case for row 9, digitally gen audio on top of on top of reality to add to but not remove from it (construction workers; military). [In this row, we decided to focus more on noise use in hearing loss. Those people need hearing protection and so need to mask certain noises, so you need to take away some noises from the environment, but youd need to add noise to mask that so at least perceptually youre trying to take something away. Artistis and musicians require some quiet environments, which isn't always easy to find a very quiet environment, which was our reasoning here]. That makes sense, I guess Im just thinking that musicians need quiet but also need to hear themselves, musicians also need to blend in with others, so often times theyll play with others in their section so that kind of isolation to hear people within your section would make sense.
The earphones part, theres somethinbg that you can put into your eardrums to do this. When I was working at Wright Patterson Air Force lab, you should look up Doug Brungart. And he created this thing that you have to install into you actual ear canal, one end is blocking and one is delivering sound. And you can wave a magnet at it to work with it, ie change volume. Its more like someone else has to put it in your ear, it is definetaly not surgery. He uses it all the time. [And that allows him to do what again?] To isolate the world, and it can attenuate the outside the world. You run a magnet by your ear to control it. I don't know if it can go past your hearing to help you if youre hard of hearing.

		We will now show you a video demonstration of the  capabilities of  AAR using a prototype device. Please rate your satisfaction of its performance on a scale of 1 to 7, where 1 is highly dissatisfied, and 7 is high satisfied. Next, please provide your thoughts and ways to improve the application.





EI6

		Name: Dr. Areti Andreopoulou		An assistant in music tech and my main area of research is 3d spatial audio, both perception and signal processing, both the subjective and objective perspectives on that. I am mostly concerned with audio aspect of AR/MR/VR. I have been working in 3D audio since my PhD for the past 12-13 years.

		Question

		What is your understanding of AR?		AR is a method of enhancing one's perception of the surrounding environment. Its a way to enhance ones experience in a real physical space.				Enhance experience/perception of real physical space

		Do you think listening to music, through loudspeakers or earphones, can be considered an example of augmented reality (audio in AR)?		It depends on the context. I think that if you are listening in a passive situation (riding a bus and listning to music), then those two events are so dissasociated it is not an AR experience. Say youre listening to music while cleaning up in your house actively, those two things make your work more fun, so it does fall within the event of augmenting your reality. "//Shared vs. Personal Experiences
I fail to see at this point the benefit of a shared AR experience. I see the benefit in a VR environment, and I consider the audio a shared experience possibly. But for AR? I lean towards no from a personal experience. I haven't thought about it much?

A: Does listening to an electric guitar in the same room shared audio AR?

I mean a collective listening experience, we experience that every day. I don't see the augmented part of the experience in that situation. How would listening to a concert be an augmented experience?

A: The sound is produced in a way digitally and it is overlayed on top of your immediate phyiscal environment. I am not sure if it should or shouldn't be.

Yeah I would not consider that an AR. I would still need an audio layer on top of this guitar to consider it an audio experience. My definition is a bit more restricted in this sense."		//Shared vs. Personal Experiences
I fail to see at this point the benefit of a shared AR experience. I see the benefit in a VR environment, and I consider the audio a shared experience possibly. But for AR? I lean towards no from a personal experience. I haven't thought about it much?

A: Does listening to an electric guitar in the same room shared audio AR?

I mean a collective listening experience, we experience that every day. I don't see the augmented part of the experience in that situation. How would listening to a concert be an augmented experience?

A: The sound is produced in a way digitally and it is overlayed on top of your immediate phyiscal environment. I am not sure if it should or shouldn't be.

Yeah I would not consider that an AR. I would still need an audio layer on top of this guitar to consider it an audio experience. My definition is a bit more restricted in this sense.		Context driven. If music actively helps in performing a primary task, YES. Electric guitar sound in person is not AAR - not augmenting anything.

		According to you, what are the requirements for sound to be considered an application of audio augmenting your reality (AAYR)?		We need layers of audio that is coming into the physical space that doesn't necessarily belong in that space. I want to augment the experience, I want to have this audio give me more information or more context for what is exactly happening there. In your case, I would not consider a physical guitar or a flute playing on top of that guitar AR, because I would not consider that a meaningful experience. I want my experience to be enhanced in a meaningful wayk, so that I get more information about what's going on: me and maybe not next to the person next to me.				Unique layered display of auditory information that adds to what is already there. Has to be meaninfully enhanced. 

		Which use cases or scenarios, do you think, will benefit users the most as an application of AAYR?		I would consider assistive technologies benefitting from technology, for example any navigation technologies or rehabilitation or anything that falls within this category would rely on this technology. Education: you can enhance remote education scenarios with augmented reality. You can bring your classroom or a new environment with a virtual teacher or student into your reality. You can create a shared classroom space for those who are far apart. And this is important for enhancing your experience. I also see a benefit to the gaming/entertainment industry a lot. Not necessarily just music, but also gaming, movies, etc. Also adding the visual experience. "//Would deaf people benefit from audio AR?

I would say, surprisingly, yes, because sound is not necessarily only the experience that we are having in our mind, it also has a tactile vibrationalsense to it. I am proposing a project around that concept right now: I think what we consider AAR in terms of deaf people, or reduced hearing capabilities persons, I think that using the necessary devices you can have those people augment and enhance their experience of the environment with vibro tactile information."		//Would deaf people benefit from audio AR?

I would say, surprisingly, yes, because sound is not necessarily only the experience that we are having in our mind, it also has a tactile vibrationalsense to it. I am proposing a project around that concept right now: I think what we consider AAR in terms of deaf people, or reduced hearing capabilities persons, I think that using the necessary devices you can have those people augment and enhance their experience of the environment with vibro tactile information.		Assistive technology - navigation, rehabilitation. Education - enhance remote learning, shared classrooms. Entertainment - music, games, movies.

		Can you discuss which users in particular might benefit the most in their respective scenarios from AAYR?		Any user of those previous sets would count: students, gamers, deaf people, etc. If we divide users in a different way, I would think age wise, which is different that what we would expect. Because this is something that takes time to get used to, as to not be overwhelming, if this is a route that we are going towards, people who are younger agedf will benefit more if they get used to it and it becomes a way of dealing with it without it becoming overwheling, but simply the norm, like another way of reading the news. If we could be exposed in a controlled way that would be good, as it is kind of overwhelming.				Age based users. Experience based users. Controlled exposures to avoid becoming overwhelming.

		In terms of auditory displays, which is the most important aspect, with respect to human hearing, for providing information? (ego vs exo-centric display, spatialized vs non-spatialized sound, speech vs non-speech sounds, amplitude, pitch, etc)		You need to have a convincing spatial audio interaction so that your experience is immersive enough. That can mean a variety of things, it can co from the most convincing or tailored to your need (the best selected HRTF data set that fits your need the most with acoustic room conditions). T obe honest the level of accuracy and modeling for those components depends on the type and scenario. When designing an AAR display, I would not spend my time emasuring all a user's HRTF data, if the experience is something more loose/placid/informative. Same with the room acoustics. When bringing your virtual space to your real space, how accurate does it need to be as to not contradict between the two spaces. In most of the cases it doesn't really matter, it just needs to be fine such that users don't immedietaly reject the image. But you don't necessarily need to spend all of your energy to that, it just needs to be acceptable enough. The only issue comes up with your virtual and physical world contradictig each other. And we don't have yet an answer on how to prevent that. I think the two spaces should be treated equally, but I don't have an answer on how to solve this problem.				Convincing spatial display and interaction. Increased immersion.  Depends on the needs of the experience. Acceptable enough HRTFs and room acoustics so user do not immediately reject the image. Virtual space and real space should not completely contradict each other - unsolved.

		What form factors (hardware, such as earphones) do you imagine being used in application of AAR? 		The two tendencies for playback that would let you overlay are bone conduction headphones and open "back"? headphones. So that you have the virtual environment in your ears along with the other one. I prefer open back headphones for playback, so that the real noise comes in a natural way to your ears, but then you are leaking your virtual world to others. If its a shared environment, then you are altering the real world, so you are creating a feedback loop. I have not, in my work, experienced binaural playback with bone conduction headphones, but from what I have read and other people, they say that the image is more distorted. "//If we had speakers places in different locations that was playing audio of a specific kind to give the impression of being there would that count as AAYR?

That's why I said when you have experience with binaural or point sources from different locations to your physical space, so your putting your speakers where you would expect the sound to be. I would consider that an AR experience, yes, by definiton. You are running into a different problem in this situation, which is if you are treating your sources as point sources, so the location of speakers is location of virtual source, then you have something very concentraed in your real space, so it may completely dominate the sound or be masked by some sound. In this case you would run into problems of having speaker position that cause sources to be more or less spread based upon where you have placed them. If they are standing then they have a fixed width. Putting this in the real world means that you have spread that is represented by stationary sound speakers. So you immediately get a visual and physical perspective that contradicts. This is an AR experience that can work in the right circumstances."		//If we had speakers places in different locations that was playing audio of a specific kind to give the impression of being there would that count as AAYR?

That's why I said when you have experience with binaural or point sources from different locations to your physical space, so your putting your speakers where you would expect the sound to be. I would consider that an AR experience, yes, by definiton. You are running into a different problem in this situation, which is if you are treating your sources as point sources, so the location of speakers is location of virtual source, then you have something very concentraed in your real space, so it may completely dominate the sound or be masked by some sound. In this case you would run into problems of having speaker position that cause sources to be more or less spread based upon where you have placed them. If they are standing then they have a fixed width. Putting this in the real world means that you have spread that is represented by stationary sound speakers. So you immediately get a visual and physical perspective that contradicts. This is an AR experience that can work in the right circumstances.		Bone conduction and Open back headphones (allows to real noise in in a natural manner). Feedback loop in shared environment since real world is altered. Binaural loud speakers in real world is AAR; the speakers can dominate real sounds in a small space though. Virtual sources can be more or less spread out based on speaker locations. Virtual and physical perspectives/images must match for satisfactory AAR experiences.

		Based on this discussion, how would you define AAYR?		It's an enhancement of the auditory display of a physicl space. A meaningful enhancement of that space. Bringing virtual information, sounds, adding more information enhancing your experience of the real auditory display.				meaningful enhancement of the sounds of a physical sapce by adding virual information

		As an emerging field, what future directions do you envision for AAR? For example, vision based AR systems  have matured for application in aircrafts and vehicles as Heads Up Displays (HUDs).

		We will now show you a taxonomy that was developed after a literature review. Please share your thoughts, comments, and suggestions on ways to improve it.		I think it makes sense, it builds up on the information gradually and that is easy to follow. I only have one question, not sure I follow, "real time combination of real and virtual worlds", thats the build up I'm not following. Should it be the other way around?

A: Within a virtual world if we try to place viortual sound source so as to further immerse yourself into the virtual sound. This definition may not be connectd in the best way, but the idea was to enhance the immersion in the virtual world using audio AR. 

The virtual environment will alreay have a virtual auditory component?

A: Correct. That is sort of the idea here, where you are enhancing a VR experience using the audio, which is being produced through speakers here.

That is where youd draw the line, because youd define your VR experience as something that the audio should come over headphones? Is that what you mean? You have a VR experience with the graphics. What would it take to augment the audio of that to do audio VR?

A: Because we have an array of speakers that surrounds the user, you are able to spatialize the sound. SO when a car passes from left to right, so too does the sound, rather than just simply playing left and right channels on headphones.

But it you played interactive head track with binarural, would you consider that VR auditory display.

A: I would.

So the reason you are not considering the speakers one a VR auditory display is because 
a. the interaction is not computed somehow and
b. because you have two spaces, the virtual graphics space and the physical audio space

A: Right

I haven't thought of that, but yes that would be an augmentation of the virtual space by definiton. I just don't see that by the way that it is written. I see what you are saying and I kind of agree. Its an extreme scenario, but yes. "A: In regards to the use case column, do you think we missed anything?

You have tourist experience, navigation, and some that I would not think of, like object finding which would indeed be an AR situation. It covers all of the situations I am thinking of and more.

A: Do you think we can make any further categorization in regards to the auditory display design?

The design, you don't mean hardware wise, the design?

A: Right, I would say there is a single, two, or multiple layers of auditory information, but they're accessible based on your action. Do you think that could be another way to categorize these experiences?

Yes. I would say that another level of categorizartion that also reflects the complexity of the info that youre sharing is this, is what happens in terms of the layers of the auditroy display that youre trying to put on top of your experience. Because it also has another component that doesn't come starighforward but can be useful depending on what you want to do with that. If you think in terms of leayers, its also easy to add a timeline component to that, because the layers dont necessarily need to be concurrent. So it helps you also describe the build up of this augmentation. It can be something taht based on your decision or navigation, will evolve or the complexity will chaneg in a way that fits your actions or needs. Once you think in layers, you can also reflect that.
You're not really dealing with the hardware component right? Because youre focusinga lot on the how and the design, but you are kind of recycling the hardware. Youre just repeating more or less the same type of equipment.

A: Right, we just have one focus there, which is, for that context, what type of hardware would be the best. 

The way its added here, there is not necessarily a prioritization, and they are written in the same manner. In some cases it makes sense, and there are some components one wouldn't think of, but not necessarily your go to tool for every one of those categories. Beyond what youre looking at, maybe what you are prioritizing;; A: Is there anything else you'd like to talk about here?;; I find the compoinent of removing information as a component of AR interesting. I see the point, it kind of contradtics, it isn't augmenting its removing. I wouldn't necessarily see a part of this, but I understand that this can fit within the broad concept of AR, rather than my definition of AR.  		A: In regards to the use case column, do you think we missed anything?

You have tourist experience, navigation, and some that I would not think of, like object finding which would indeed be an AR situation. It covers all of the situations I am thinking of and more.

A: Do you think we can make any further categorization in regards to the auditory display design?

The design, you don't mean hardware wise, the design?

A: Right, I would say there is a single, two, or multiple layers of auditory information, but they're accessible based on your action. Do you think that could be another way to categorize these experiences?

Yes. I would say that another level of categorizartion that also reflects the complexity of the info that youre sharing is this, is what happens in terms of the layers of the auditroy display that youre trying to put on top of your experience. Because it also has another component that doesn't come starighforward but can be useful depending on what you want to do with that. If you think in terms of leayers, its also easy to add a timeline component to that, because the layers dont necessarily need to be concurrent. So it helps you also describe the build up of this augmentation. It can be something taht based on your decision or navigation, will evolve or the complexity will chaneg in a way that fits your actions or needs. Once you think in layers, you can also reflect that.
You're not really dealing with the hardware component right? Because youre focusinga lot on the how and the design, but you are kind of recycling the hardware. Youre just repeating more or less the same type of equipment.

A: Right, we just have one focus there, which is, for that context, what type of hardware would be the best.

		Mulitple layers of audio. Categorize based on complexity and context with primary task. Consider temporal aspect of layers since all layers are not available at the same time. Interaction dependent complexity and context of sounds.

						The way its added here, there is not necessarily a prioritization, and they are written in the same manner. In some cases it makes sense, and there are some components one wouldn't think of, but not necessarily your go to tool for every one of those categories. Beyond what youre looking at, maybe what you are prioritizing;; A: Is there anything else you'd like to talk about here?;; I find the compoinent of removing information as a component of AR interesting. I see the point, it kind of contradtics, it isn't augmenting its removing. I wouldn't necessarily see a part of this, but I understand that this can fit within the broad concept of AR, rather than my definition of AR.  		Prioritize hardware based on use case. Removing sounds not AAR.

		We will now show you a video demonstration of the  capabilities of  AAR using a prototype device. Please rate your satisfaction of its performance on a scale of 1 to 7, where 1 is highly dissatisfied, and 7 is high satisfied. Next, please provide your thoughts and ways to improve the application.





FG1

		Question		P1 (Caleb)		P2 (Daniel)		P3 (Jake)

		What is your understanding of AR?		It allows you to see the world in a slightly changed way (ex: glasses where you see the world with screen overlayed), different from VR which is a completely new world. AR is the world but slightly changed.		AR might have different applications [from VR], modify some aspect of something to show some different aspect of it. 		AR, compared to VR where the entire environment is virtuialized, is where reality is slight modified, where there are certain non real components on it. However, the entire thing is not a virtual environment.

		Do you think listening to music, through loudspeakers or earphones, can be considered an example of augmented reality (audio in AR)?		Listening to music through loudspeaker not necessarily, through headphones probably. Because the headphones directly inetract with you and not with other peoples reality. Perhaps AR changed when others can or cannot interact with your current reality. Where do we draw the line on what AR is (like an electric guitar, is that AR?). If we draw the line between individual vs group action, that would make for a better definition.		Yes, I personally perfer headphones in that it is more centered with the user, especially when compared to the speaker. The headphones make it feel like I am "there". The speakers are just not as personalized.		Listening to music through a loudspeaker/headphones is an example of AR, because it is just a virtual component of something you would not hear on your reality. So it is overalying what is already going on.

		According to you, what are the requirements for sound to be considered an application of audio augmenting your reality (AAYR)?		Individual is the main thing, if everyone is hearing the same thing, it is not really AR. It has to be your individual perception of the scene (whether through glasses or through headphones). 		It has to be personalized, every user has to have a different experience (it needs to be personalized).		AR could be a group of people listening to music that is playing in the store, as long as it is not something happening in the real world. Band playing in the store vs. on headphones/speaker to one or more people. Seeing an actual waterfall is not AR, but seeing a virtual one via glasses would be. It depends on if that thing is a visual/sound influence and if it is actually there or being created by some piece of technology. I would consider an electric guitar apart of the real world if it is in the same room, but if the person playing it through a speaker editing the sound that could be AR. If all the sound is from the guitar itself, that would not be AR.

		Which use cases or scenarios, do you think, will benefit users the most as an application of AAYR?		Navigation, it is distracting to look down at GPS then up at the road. It would be handy to process audio while not being distracted by a visual. Pokemon Go is kind of AR, so the audio would be AAYR, so games would be a good application.		Lets say youre going to a different physical space. When you go to a differnt place, some audio could be played. Location-based music or audio. Preferrably, music to change your mood (nostalgia), but it could be done for audio.		Teaching purposes, if you are learning how to be a surgeon (or any job), instructions could be spoken out to them, or with a GPS system to direct you to some specific place.

		Can you discuss which users in particular might benefit the most in their respective scenarios from AAYR?		There are benefits that could be found by any group, but specifically people with disabilities could benefit. Many crosswalks have audio capabilities (you can cross the street now), which would be helpful.		It would be helpful for all, but elders, adults (18-40s), and working people. If you are working in your house (especially in the lockdown sense), they could benefit a lot from creating an office-like environment. You would get sound that gives you an impression of being in an office space.		People with disabilities, especially those with visual disbailities, who need audio to help complete certain tasks. Or elderly folks who have problem seeing things or potentiall hearing problems (and can turn up the audio to help them hear things better).

		In terms of auditory displays, which is the most important aspect, with respect to human hearing, for providing information? (ego vs exo-centric display, spatialized vs non-spatialized sound, speech vs non-speech sounds, amplitude, pitch, etc)		Location is very important, especially if you have good surround sound. Article: man developong sounds that would convey direction. Capabilitries of this would be really cool (completing a maze just with music) - ego vs exocentric. That would be pretty cool.		It creates an immersive sound. Tidal? app. If you use the app it makes it seem like the audio is playing around you rather than coming from one place.		It would depend on the application, exocentric sounds good. Especially to direct someone to a location or bring attention to a location where the sound is coming from.

		What form factors (hardware, such as earphones) do you imagine being used in application of AAYR? 		Something individual, something that will allow for the enhancement of audio, but not completely overriding the audio. Perhaps noise canceling or some headphones, similar to what we have now.		Something lightweight, longterm, must not damage the ears. Something that you would wear on the head and lightweight, something that I don't notice. Primary focus should be on the audio.		Something like bone conduction headphones, such that your hearing of the environment is not impared. Or regular headphones with transparent hearing.

		Based on this discussion, how would you define AAYR?		I would do more research to make sure I have an industry-solid definition.		There's a lot that goes into it, not quite sure.		Based on what you've told us, it is a theoretical concept on audio center AR that is meant to oassist or aid in any tasks for any individual.

		As an emerging field, what future directions do you envision for AAYR? For example, vision based AR systems  have matured for application in aircrafts and vehicles as Heads Up Displays (HUDs).		The sophisticagtion of tech used in AAYR is what will mature. The capabilities of being able to pinpoint one point using egocentric AAYR, but in the future potentially display directions in a single audio clip.		Start with somple applications before getting onto advanced applications, let people get used to it. 		Assisting in education or people with disabilities or the elderly. It could be marketed to the people who need it most would be the future application of it.

		We will now show you a taxonomy that was developed after a literature review. Please share your thoughts, comments, and suggestions on ways to improve it.		All of the read definitions seem pretty good. For AAYR specifically, all of them look like reasonable definitions, so one that can account for all of them would be good. To create the most accurate definition, you would want to discern which are the most important criteria. Important phrases: overlay, use of audio to supplant real world (likes this definition), define a situation that works, use os supplant. Gamified for motor rehabilitation is a good use case. It is a very broad topic, so there is a lot that could fall under the umbrealla of AAYR, a lot that could benifit from its use.		They are all valid definitions, the definition that Caleb brought up is fantastic as well. Make sure to define what a "web based" environment could be. Simplified is good. Other points are good as well. There is nothing I would really take away, everything is within the bounds of possibility.		Nothing necessarily to be added.

		We will now show you a video demonstration of the  capabilities of  AAYR using a prototype device. Please rate your satisfaction of its performance on a scale of 1 to 7, where 1 is highly dissatisfied, and 7 is high satisfied. Next, please provide your thoughts and ways to improve the application.		A lot of image processing, a lot of AI, a lot of classification, some text id. Object/scene/text id. Text id has come a long way, especially hand written text 6/7, it read that fairly accurate oustide of some mistakes (also very useful). Shape/object id, how did it identify which object is the most userful (foreground, background) 5/7. Scene detection was alright, it got some things, strong image capabilities, a lot of quick processing 5/7.
User's experience: pretty clean, the voice use is pretty good. Advantage of not using hands, as it provides audio cues. The UI was very good in that sense. 		Pretty interesting, overall a 6/7. I think it did well in some aspects over others, like with text, which did better than I expected. This was also better than the scene id. Still needs some improvements in some aspects.
User's experience: overall good, can give it some commands whereupon it gives feedback which is good. Still some room for improvement.
Would have been nice in the video to (video on text on picture in magazine), gives priority to what? Face vs. text vs. image. Does it do the command that it is supposed to do.		5/7, need to recognize what it is and what it is capable of. It is not perfect and needs some room for improvement. Needs more intuitive immersion with the user. Design wise is not super intuitive to use. It has a lot of room for improvement.
User's experience: pretty good, I think that thge general problem was the abilityt to detect certain things and give more detail in information to the user.





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































FG2

		Question		P1 (Matthew Sweat)		P2 (Tony Lee)		P3 (Nina Lieu)

		What is your understanding of AR?		Its like taking visuals and placing them in the area around you. In VR, you completely change you outide vision, while in AR, you add things to that vision.		AR is like a popup/a more advanced version. VR is a more actual world, like a 3D version of it.		AR is similar to VR, but not the full simulation.

		Do you think listening to music, through loudspeakers or earphones, can be considered an example of augmented reality (audio in AR)?		Potentially through speakers yes, but not through headphones. It depends on where the sound is coming (like with speakers to determine where sound is coming from, localize the source). 
What is the media has spacialization? 
I think that is possible to get in ear headphones to that level, I am not sure if the technology is at that point. It is still to limited, it kind of localizes at this point (no up/down). 		I'm not sure how those examples can be translated into AR.
If you could hear it in all directions, that would be AR.		Follows on with Matthew. Headphones makes you more in the simulation, feels like you are really "in it".
Spacialization Q: Headphones aren't quite there yet, not quite as good as speakers.				Localization, add to existing environmental sounds

		According to you, what are the requirements for sound to be considered an application of audio augmenting your reality (AAYR)?		You need to be able to directionalize the sound. At a minimum, at least 5 different zones that can be chanelled to make the sound different = up/down/left/right/center.
You need to add in some elements of what is oustide around you. If you are fully replacint the audio around you, that would not be AR, because you are cutting it out and replacing it. They need to be together, simulated and real audio.		Agrees with Matthew.
Depending on what kind of music you are listening to, AR could help you experience the music better.		Agrees with Matthew.

		Which use cases or scenarios, do you think, will benefit users the most as an application of AAYR?		Hearing aids, could be helpful there, to spacialize that would be effective.
For entertainment purposes, could be great. Sit at computer and watch concert, but audio would be a bit different.		Using it in the metaverse.
When you are working on a project with a lot of noises, it could be used for singling out certain sounds.		Something with GPS, kind of already narrated, but if there was a technology to project something onto the glass in front of you (heads up display). Implement sound into this case, it would make it easier.
Add a surround sound aspect.				Hearing disability, entertainment purposes, isolation for focusing on primary task (reduction of environmental noise), audio aided GPS navigation using HUD (complement the visuals)

		Can you discuss which users in particular might benefit the most in their respective scenarios from AAYR?		Entertainment
Anyone with a hearing aid
Goes very much in hand with VR, both should have a very spacial aspect to it. VR for games, you are replacing noise, AR has same technology, but you can also hear what is arround you.		Anyone who uses entertainment, who has to use it for work.		Teenagers, because we would be the ones using it.
The older generation, would be more interactive so that they could visualize it more. Add another sense to make audio better.				Entertainment industry, teenagers, older users

		In terms of auditory displays, which is the most important aspect, with respect to human hearing, for providing information? (ego vs exo-centric display, spatialized vs non-spatialized sound, speech vs non-speech sounds, amplitude, pitch, etc)		The spacialization is the highest importace of that, without you audio being spatial, it will never feel realistic. That doesn't mean it won't be good, but it won't be realistic. 
Also being able to make a way to not make everything around you not be drowned out by what you are in.		Spazacialaztion is important. Gave AirPods example.		Spacialization and with transparency (AirPods). Hard to separate the two without balance. Not sure how one would make sure not to drown out outside voice, as you only focus on whats in your ears, headphones.				Spatialization for localization, transparency (compare elements of visual and auditory display - have similar and distinctive mapping between the elements) Example: temporal quality. fading sounds, blend with environemnt.

		What form factors (hardware, such as earphones) do you imagine being used in application of AAYR? 		Anything that you make as unnocitable/light as possible. If you are trying to create an environment around you, but still want it to feel real, you should not make something be very apparent, like big headphones. The less you feel it, the better, and more real.
Depends on use case, in house/open room, you need nothing on you, just a proper array/arrangement of speajers.
In AR, there is a difference with VR. You do start to forget what is around you, the headset is at first heavy, but you notice it less and less. I would say that because you are interacting with what is arround you, you need to ensure that everything is unnoticable. That is what let's you start to forget about it.		You have to make it very small, or possibly make something like a chip in your brain. So only you could hear certain things.		Multiple speakers, instead of one all around sound to break up everything.
If this becomes ambient noise [use of AR over time], find the timeframe of how long it takes for that to happen, so that you can have more consistency with ensuring that AR does not dissipate [in terms of its imersitivity].				Least noticeable, small. Time frame after which AR audio becomes ambient audio to ensure audio does not dissipate.

		Based on this discussion, how would you define AAYR?		Agree with Nina. That, but make it as realistic as possible. Make it to the point where you can't discnern between the speaker audio and the real audio. Make it as real as possible.
Could be really great for making simulations. Like with simulation testing. You can put it in to those kinds of simulations in making those more realistic.		We could think of that as 5d audio, for next generation uses: military, entertainment. We could not totally comprehend it now, but that could be different in the future. When you are in a tank/helicopter, use for beter communciation and awareness		Like with movies and surround sound, makes it feel more real.				Indistinguishable between digital and real source, enhancec communication channels, entertainment purposes (games, movies, music), natural voice agents, military training and simulations, increased sensation of otherwise dull activities (driving), increased situation awareness (detect sirens and alarms)

		As an emerging field, what future directions do you envision for AAYR? For example, vision based AR systems  have matured for application in aircrafts and vehicles as Heads Up Displays (HUDs).		Will open up new opporuntiy in entertainment/games. Once it is better developed, AR Games could become very popular.
It would feel like a more realistic VR. VR is great for complete submersion. AR could be just like VR, but with reality, you see yourself in it, rather than replacing VR.
People enjoy listening to their music, singling out music would make people happier and safer. Can get rid of wind, drown out with music, but overlay important noise.		A more developed version of Siri. With simulation and driving, personal secretary.
AR audio could maybe amplify certain noises and deamplify others.		A better version of the windshield thing, but for navigation. Also with music, play honks, outside noise on top of the music so that you could better navigate, be aware of surroundings.
Really helpful for military training, make it more realistic to ensure that people have more pressure to perform. Easier to notice things.
Could be helpful for driving. Driving feels like VR, because you are sitting in a spot going fast. With the oustide noise, you have pressure to react faster, so that you aren't just focusing on music. Make a trasnparency for other noises, like Ambulances.

		We will now show you a taxonomy that was developed after a literature review. Please share your thoughts, comments, and suggestions on ways to improve it.		Definition in E7, needs a little bit more elaboration, but that is the closest to how I feel it should be descfribed, because it specified how you are altering your perception of it. Many defs don't specify that you can still hear around you. You need to specify that you are not just replacing what is around you, but you are amplifying it or adding to it. Otherwise, it would just be audio or VR.
K8 does not make so much sense, because a lot of athletes are almost pupsoefully drowning out audio to focus on vision. By adding audio, you could break that. In the majority of sports you don't have anything blocking your hearing. This could only be needed for subtle things, like adding a microphone between people. There is nothing impeding the audio, they are just purposefully tuning it out.		E12 pretty accurate, E2 pretty interesting. Make a sound of a virtual sound.
It would be cheating for most spots, if you enhance audio. It would be viable if very small [hearing machine].		Bone conduction question. Having headphones on feels constarined, but if you had your ear open it would feel a lot more real.
The only sport that could use audio is shooting/hunting.				Athletes like rowers, cyclists, swimmers, aerobics, rehabilitation, provide feedback based on their actions to provide rhythm, sonification of their motion - training purposes. 

		We will now show you a video demonstration of the  capabilities of  AAYR using a prototype device. Please rate your satisfaction of its performance on a scale of 1 to 7, where 1 is highly dissatisfied, and 7 is high satisfied. Next, please provide your thoughts and ways to improve the application.		Pretty widely depends on its use case, is definetaly impressive on what it picked up, and was relatively accurate. If you are trying to impletement that into daily life, it has a long way to go, because the loading times will drive people insane. It needs to be quicker.more instantaneous. Needs to improve for everyday use. I would say that it is working in the right direction,.		Seemed pretty accurate, like with face recognition. Could be better, because object detection wasn't perfect. 5/7
It is in the right direction, if it could read your mind that would be great, so you don't have to give commands, like Iron Man. Can think for itself and tell you what you need to know.		Actually pretty good, faily accurate in picking up text, like with Apples convert to text, samething with Google Translate. Object detection was pretty accurate, I was satisfied. 5/7
Going in right direction, needs to be faster.				use score's mean, sd, median. keyword frequency. use specific number when reporting results in paper.





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































FG3

		Question		P1 (Mohannad Ismail)		P2 (Jayesh Pandey)		P3 (Manhua Wang)		P4 (Jing Zang)		P5 (Haritha Gnanasegar)		P6 (Sahana Basapathi Srinivas)		P7 (Xiang Pan)

		What is your understanding of AR?		AR is there for some sort of likage between the phisical and virtual world. Having some kidn of reaction that is virtual in soms ense but is interactivce in a physical sense.		The name suggests that you are adding to the existing reality and trying to create different experiences. For example, like Pokemon Go would count as AR. This could be done either with software or hardware implementations/.		For me, AR is something that is virtual but laid on reality. For example, something with a display could br AR, and some games as well. There are also some cases, where someone created video games in their own house, where they play though some glasses.		AR is combins virtual things with reality, like with the heads up display in a car, which has a live map. The screen has a camera that shows a live map in front of you to make directions easier.		AR is something between a reality and a VR, because you are in your real world, but the headset overlays a virtual screen for you to interact with. You are in a sense transported to a virtual world in real life.		AR is when you are trying to augmented reality or overlay reality with images or something to change that reality.		AR is using technical method to combine some special method to the reality in order to help people see and hear differently.				Linkage between physical and virtual world that in interactive, adding/overlaying to existing reality

		Do you think listening to music, through loudspeakers or earphones, can be considered an example of augmented reality (audio in AR)?		Im not sure, I would say that more AR involves some sort of interaction with something connected between the virtual and physical. So music listening would not be the first thing that comes to my mind./		I would say that tehcnicially it is a format of AR, a good example would be the virtual haircut sound, such that you can feel the experience of what a sciessor/barbor is around you. This could count as an AR format. It fepends on whos experiencing it/.		It depends, to some degree if there is a virtual aspect added to that I would count that as AR. And for music, if it could have some localization or left sound channel, that would also count. If it is just plain music, then probably not.		Considering the AR term, audio AR would be asong that relates virtual sound with real world sounds (outside). As far as I know, the environmental frejdnly vehicle is mostly powered by electricity, and when it starts the engine does not have much sound, this has a tradeoff. Without sound can feel differently to the driver than with the sound, so in the future we could emmulate this sound in order to have opeople feel a feeling of starting the engine/car. This seems like audio AR to me.		By augmenting audio on surrounding noises you would be doing AR, like with Noise cancellling, that would be some sort of audio, as it takes out white noise and consistent noise. Standard headphones, maybe not.		Jusyt listening to music is probably not AR, you would need some sort of blend in the reality for it to be considered AR.		It would count as AR, because these daus the headsets develop very quickly and there are  alot of improvements based upon the number of channels. The focus is to make the sound real, so the main focus would be trying to recover the effect that they want to achieve in the best way, to make people feel like they are in the actual environment. As if you were in an actual concert, etc. Currently the technology has a lot of disadvantages and a lot will need to be improved.				No - 3; Maybe - 2; Yes - 2. Simply listening to music through traditional two channel output is not AAR. However, if there was some form of interaction possible using the real world, or if the sound was spatialized effectively allowing for enhanced immersion it could be considered AAR.

		Do you think Audio AR can be a shared experience? Or can it only be considered an individual experience?		Definately, like with 2 players plaing a game. Tow people are sharing the same AR medium and would be sharing the expeirence.		It can be shared, like if you were talking to some kind of voice assistant. So mylitple people could talk to it at the same time to solve some tasl.		It can be, but it depends on the tasks. If they have somegthing interactive that they can share among two or more people that also involves sound, that could be a shared epxerience, but if it is something that someone want sto enjoy themsleves, it could be single. It is possible to make a shared experience, like with dancing together or playing some games together or just in sharing some audio.		Most AR does not have heads up equipment, so it would be shared. It can be private with the single headphones, but without it coul be sahred.		I do not thing so, because I agree with Jing. Considerfing that Audio AR is personal, like with headphones, it can't be shared/.		This technology can be seen as indivudual and shared experience, like with gaming.		They can be shared. Some example would be like giving a alecture to a group of stduents with an evolved form of AR. Like you are trying to duplicate a single environemnt to multiple individuals. They are recieveing teh same information at the same time				No - 1; Maybe - 3; Yes - 3. It can be shared if people are receiving the same information, but it will depend on the individual's task. Could also depend on the form factor used to provide AAR, if it is strictly personal devices, it might not be a shared experience.

		According to you, what are the requirements for sound to be considered an application of audio augmenting your reality (AAYR)?		The requirements for AAR are the same for any type of AR, it needs to have some kind of interaction with the real world and virtual world. Although this will contain a lot of visual components, audio components can further augment this experience.		Hardware requirements are a must, you need those components to bring those features to reality, or to AR. They could exist without virtual effects, so you could use audio effects instead, but the hardware components are a must.		Based on the definiton of AR, there needs to be something both virtual and in our real life, plus with audio. I personally would love to have a visual type thing if there was that audio capability. But it also depends on the person who can experience something that is not only visual. Needs to have virtual component and reality aspect. Different types/aspects of sound can appear in both section, like with vibration which could also be emulated.		First AR has to contain reality in someway, and the augmented audio part means it has some relation to the real world but is virtual. You can combine these in differfent ways.		You have an understanding of the surrounding and you aigment it with something. So you must be able to hear what is arround you, and the tone that you pick up could be the augmented one that is being overalyed by the system. The augmentation is what you hear mostly.		The audio is not AR on its own. SO it depends on the context or space. I would like to have a sensation. Are they enhancing my reality just with the audio.		Good hardware. To make people believe what they see is real, you need good tech.				Interaction between virtual and physical, hardware capabilities, virtual sound is the primary sound and real sounds are part of the soundscape, context driven.

		Which use cases or scenarios, do you think, will benefit users the most as an application of AAYR?		Retelling a story or some part of history and having that AR and audio part come in. Like with a battle, with its visual and audio components. That would give a fully immersive experience.		The voice notes in the zoo, that would enhance your excpeirence of reality by helping you learn more. The audio aid to the visual component will help.		It would be great if I was walking in some great place (like the aquatic center./aquarium), and you can hear something from headsets/bone conduction headphones that tell me a lot about these creatures or mimics their sound, that would augment my experience.		Contents like with cars. If the mysic can contain something wit hthe outside, so people listening to the music can still understand what is going on outside, but will also give feedback to the driver as they drive.		Movie theaters. When you are watching a movie, audio AR could be good.
Online meetings with Zoom to make you feel like you are actually there.		Music industry, people who can come up with creative stuiff in the music spacve.
The classroom environment to make it more interactive. To make more creative		Videogames and the metaverse would involve AR. Social activities like presentations too.				Recreational acitivies such as going to a museum, aquarium, zoos/safaris, spatilaized audio in movie theaters, Zoom meetings, music production, VR applications; adding additional environmental sounds to improve SA. 

		Can you discuss which users in particular might benefit the most in their respective scenarios from AAYR?		People with disabilities would have the most abenefit with this. Integrate AAR with critical applications can help them become more independent.
Also fir those looking for unique entertaiment.		People with disabilities related to audio may get the most benefit. Build a layout for them of getting through some parts of an area or city, and you could coordinate wth public tranpsport. Voice assistant could help here.		Those who have visual impairment, temporarily or permanently. Those with those disabiolities or people whose visual capabilities are occupied by other tasks can enhacne their curfrent epxerience with AAR.		For those doing visual tasks, because they visual tunnel could be closed, but their audio tunnel is open. So AAR could help with those tasks.		Visual impared folks, so that they have an additional layer of sensory to navitage around something.
A lot of Youtube content creators could use it to make their videos more attaractive/appealing to viewers.		The youth, and the people who are young. Those who listen to muisc or watch movies and could get into this technology. IT could benefit most other age groups as well.		People who have disavilities in the eyes, AAR could help them learn something trhough sound.				Visual (x4), auditory (x2) impaired individuals, youth (x1). Visually intensive tasks.

		In terms of auditory displays, which is the most important aspect, with respect to human hearing, for providing information? (ego vs exo-centric display, spatialized vs non-spatialized sound, speech vs non-speech sounds, amplitude, pitch, etc)		The direction, being able to tell if its from the left or right, front or back. The intensity of the sound itself and the cues and timing of them are all very important factors that contirbute to the expeirence itself.		It should not be something visisble or somethin that you should put on. It should be apart of the environment. Should it comes outside, or from within your head? It depends upon the task, like entertainment coulud be outside the mind, but audsiobook could be inside the head		The intensity can be one. As you get clsoe to something ytou can inraese intensity. Or could use intensity to carry some information, some level of importance.		The interface between people and the audio shoud not be that visible. It should be more immersive, for examnple if you wear something like a headset, taht wouldn't be so immersive.		Intensity is important, like with how close you get to something, that is important. Direction is also good.		Space and direction are important, You could make it more sensetivie to the movements of the head, like with Airpods, etyc.		Eliminate the feeling that the device will bring to the user. When I head you with my headset, for example. It would be great if I could put nothing on and recieve the information directly from the environment.				Spatialization (x2), intensity (x2) and temporal variation, environmental preferrably with seamless interaction,  minimal hardware (x3)

		What form factors (hardware, such as earphones) do you imagine being used in application of AAYR? 		Portability is very important. I;ve used hololens and many other AR systems which are very bulky and not portable. They should also have enogh good hardware communcation so that they are lag free. Not being annoying to the user using them is good, like with earphines and headphones, which should not be intrusive or uncomfortabe.		The hardware which we have right now could improve a lot, they are quite bulky for example. They are also not as powerful as they can be, like with processing. And those that are are very expensive. Also battery life is important if you are going to integrade Audio AR into our real life. Need a long battery life.		I wear glases so a lot of headset would hurt. I prefer something that can attach to my glasses or will be nonintrusive. It should not be too uncomfortable, which may redue or damage my experience.		I agree with Manhua about the glasses. It would be great if you could listen to music wearing your glasses, such that it would not be too intrusive, and using a phone to conduct/connnect would be good.		If you will be doing over the ear headphones, they need to fit your head, because they can hurt your head. I prefer in ear headphones. If they are wireless, batteires and portability is imporytant, it needs to be used not just at home.		Being ligt and being able to be used across various devices is important and it should be comfortable to be used over long periods of time.		Like with homecinemas, that provide... (I missed this one I think)				seamless interaction, unnoticeable hardware, unnoticeable latency issues, improved battery life, combine with existing hardware such as glasses.

		Based on this discussion, how would you define AAYR?		Based on what I have seen, it is not meant to be a stand alone exiernce, but should enhance the total visual experience of it as well. But its meant to add a lot of newer functionalities that makes practical jobs and even enteryianments more feasable and easy to access in a sense.		I would agree with Manhua, as it can optimize a solution that already exists, especially for visually disabled persons. With the help of this, this device could use cues like vibrations to help people.		AAYR is more like using the audio to either assist or enhance your expeirence of real life. A large difference of it from the traditional AR is that it not only enhances enteritainment, btu qalso in completing something.		At the begginig I was only thinking about how it can give people information, but with what you have showed us there is a lot of room for interaction with people, which should be considered.				When I think of AR now, i think of mostly an immersive environment that can be as immersive as possible. I think that we can do that with current tech and sensors.		I agree with Mohannad, I believe that the application that we saw is with the visual AR as well. Currently audio AR has a very large room for improvement, especiallyin the performance and human use part. The application fo Audio AR is currently underrated and there are large potential for it.				used with visual AR, make primary task easier, assist/enhhance experiences, social interaction.

		As an emerging field, what future directions do you envision for AAYR? For example, vision based AR systems  have matured for application in aircrafts and vehicles as Heads Up Displays (HUDs).

		We will now show you a taxonomy that was developed after a literature review. Please share your thoughts, comments, and suggestions on ways to improve it.		The taxonomy outlines several factors which we have already discussed, and some are new, like with bleinging: combinig virtual and real sounds. You may have to make sure they dont interefere here. Surgical devies would also be very interesting but also ptentially contraversial withtheir intrusiveness. I like the idea of using it for workers working in dark environments.				I think that this taxonomy is very comprehensive so far, and I saw a lot of AAYR aspects and different aspects of definitions, environments, and a lot of stuff that can AAYR can apply to. I like how you outlined audio and AR differently. There is a lot in the audio taxonomy that interested me, like the keynote sounds, that is very comprehensive.
I'm thinknig about how some of the users may be limited in some ways, like you should link users to the form factors, which form factor most benefits a certain user, or group of users. Like with workers in dimly lit environments, some devices are more useful than others. You can maybe link the user with a form factor that can benefit them the most. Some users might like only benefit from one or two form factors.		I focus on the aspects on those users who would benefit from AAYR. I used to run at night on the road and would use headsets and noise cancelling headphiones, which are dangerous in that case. Maybe we can link users needs with the sounds that they need such that it will improve their ability to do certain things.		I like this, because it kind of gives me an overaly of what are the different use cases/form factors present. I do like the sonification of real world environments. Adding things like these is very interesting. Blending was a new concept to me, as I though of audio AR as overlaying audio and information.		I think you could take a use case and users and give a whole scenario so that we can relate to it better, instead of breaking it down into individual cases.		This taxonomy is very comprehensive, I see a lot of points have already been discussed and covered in our combersation. It is good to have recovered some points from here. This kind of AR tech can be applied by medical tech, this can be really interesting, and have me some new ideas, and could chang ethe medical experience.				virtual and real sounds should not interfere. link users to form factors and rank them, provide scenario/context/use case

		We will now show you a video demonstration of the  capabilities of  AAYR using a prototype device. Please rate your satisfaction of its performance on a scale of 1 to 7, where 1 is highly dissatisfied, and 7 is high satisfied. Next, please provide your thoughts and ways to improve the application.		It already provides certain surfaces that have much better mechainsms that are providing for it already, like with text recognition. The sound was quite distracting, and not that good in terms of its practicablity, I would not want to hear that all the time. The interfact should be improved also as it does look a bit prototypey. The scene identifier is good, and if refined could be fantastic. 6/7.		It could be a great tool for visually impaired people, and the processing was pretty fast,so that is a plus point,. Though the bird chirping sound was quite irritating. The device is almost like earphones which can be plugged in, which is nice and looks pretty lightweight, so that is a good point. I give it a 6/7. Though it could be imrpoved, as a prototype it is good.		The computer vision of the software seems pretty advanced and can do a lot of things. In terms of its feedback, its good that the user knows that the system is processing, but it is a bit high pitched, which can be uncomfortable. As for the text recognition part, if it has more breaks between sentences that would be great, because it currently connects everything together. With scene recognition, irt would be nice to have some keynote sounds that will help in listing of the objects or scenes detected. This is a 5.		I would agree, it did sound a bit annoying. The captrure sound and analyzing sound is different, but it should lower the pitch. There should also be a priveate and shared mode. A shared mode would have a lower grade, but a private version would have a higher grade, so a 5.		So for this one, the consensus is the sound is annoying. The fact that it is a beta, its pretty good, though if I were using it everyday it needs some tuning and refinement. There was some slight lag that I would like refine a little bit more. It should also be private for you, I would give it a 6/7.		The UI could be better and the gestures/the bird sound was wierd. For those visually impaired persons, if there was a better way to improve how they interact with the system that would be good. I am not totally sure how a visually impaired person would use it, but everything else was quite good.		I agree with Manhua that the high pithched noise is a bit annpoying. I also noticed that when the app is applyedto the  environments with a lot of different subjects, the feedback can be kind of bad, and the feedback can't give too many details in this detection. This can be more improved.

				imohannad@vt.edu		jayeshvp@vt.edu		manhua@vt.edu		jingzang@vt.edu		Aghari19@vt.edu		sahanabs@vt.edu		xiangp@vt.edu



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































FG4

		Question		P1 (Muskan Gupta)		P2 (Caitlyn Sanford)		P3 (Jonah Lee)		P4 (Luke Hylton)		P5 (Morva Saaty)		P6 (Matthew)

		What is your understanding of AR?		Its computer generated, virtual immersive experiences in real life. Like you can see that or hear that in real life.		Instead of seeing what you can see with the naked eye, you are adding a layer to the real world so that you can see more with the added technology.		It shows a component from the virtual world in the real world, layered over, like a camera.		Putting a virtual layer and virtual components over the real world		AR is layering over what we can see or listen in the real world.		Bringing virtual things into the real world by virtually stimulating senses. The idea of bringing in visual inputs or audio inputs into our world, like Pokemon sitting somewhere. It has sounds and you can see something on your phone. If we find a way to stick you in a suit and make you feel something, that should be also counted as AR, even if the technology is not there yet.				Layering virtual content over the real world to perceive more information than what is present in reality. Perceiving anything that does not exist can be considered AR.

		Do you think listening to music, through loudspeakers or earphones, can be considered an example of augmented reality (audio in AR)?		Im not sure if music is AR, but if it is someting like, supose a live concert which you are listening to, and it gives you the feeling of being there while not actually being there, that would be mroe so simulating reality through audio. That also makes me wonder if talking through someone as we are doing right now is AR, at least in terms of sound. How do you define audio that is augmented and what is not?		I agree with Luke and Muskan, they should be combined rather than being a part. With live music, if I feel like I am there, that would be AR.		It is, because if you go by the definition it adds a layer to the real world, then you can still hear the outside real world with the added layer of new sound.		I would not normally consider music to be AR, as it is more of a visual stimulus, but if they were together (like with Pokemon Go), maybe that would be AR.		Yes I think it could be, because when you are listening to music and the sounds of the music are not happening in the real world, but you can still hear it, that would make it audio of AR.		It would only count if the headphones or something that other people can't hear, something that is only designed for you. The case of any recorded noise being played throgh music, compared to a person plahying the piano or screaming would be no different. It would have to be something that is only heard by the personal user and it may have to do with how the audio is being used. There should be a bit more nuance between how it is being used and what people are able to hear it in a certain given area.				No - 2; Yes - 2; Maybe -2. Yes, if only a single person can perceive the music coming from headphones or similar device, a live concert is not AAR because everyone can perceive real sound, and also because it is adding a layer of auditory information on top of the existing environmental sounds. Context driven.

		Do you think Audio AR can be a shared experience? Or can it only be considered an individual experience?		It can be a shared experience, but I don't know how. With visual experiences you can see other people doing things, but you can't hear them doing that sound. How do you make sure that you both are listening to the same sound while being in different places. With audio, that could be a little tricky to make sure that the other person is paying attention and listening to it/		I do not think so, because even if two people are in the same AR, they may not feel the exact same thing.
Even if we are just talking about things with our naked eye, we all perceive things differently, so your reality differs across the individual person and how much they enjoy it or what they see.		It could be a shared experience, like with Pokemon Go, where you can share you phone and you can both experience the same thing and sharing the experience.		Audio can be a shared experience, if multiple people could hear it at the same time. Then you can share the experience with many people.		I think it could be a shared experience, for example if my friends and I could listen to music simultaneously, that could work. Like if we all play the music together while all being in different locations, with a shared AR it would be great		Yes, auditoy AR can be a thing. I think it has a lot to do with how you use the AR. I think the difference between using audio technology vs. AR would be the intention behind said auditory inputs. If it is simply to make a sound unreated to modifying reality, like a sea shanty playing in a bar or jaunty music when riding a horse, like in a videogame. That may need GPS tracking.				No - 2; Yes - 3; Maybe - 1. Yes, if individuals in geographically different places can listen to the same auditory information. No, because even the same auditory information may not provide the same effects on two individuals. Context driven, depending on the individuals' goals can be shared AAR.

		According to you, what are the requirements for sound to be considered an application of audio augmenting your reality (AAYR)?		One aspect could be the sound making you all feel like you are together, or having that feeling of being somewhere else or being with a group of people.		I am often distracted by my visals, but if you block your vision just to deal with the audio so that you can make your own vision, that could be AR./		You want to be immersed, but for it to be AR, you have to still be able to experience the real world. This is different to simply just having a different reality.		If it has an immersion experience, that could be AR. Or if it has a visual expeirence along with it, so that it is visual and audio, that could add to the experience.		I also think that one of the main charactersistics of AR/VR is the immersion. If the audio is immersive in an environment where you can't hear other sounds, like with noise cancelling headphones, that would be great.		The differenfec betweemn VR and AR is that the Pokemon includes interaction with real world as they appear on the ground or in the "sky", vs. strapping on a headset and it is floating nevulously in a spot. If you use noise cancelling or tech like that which is used to immerse yourself in a different world, that would be transporting youself to an entirely different reality, albeit rooted on Earth rather than a fantasy world. AR needs to cooperate with real reality to enhance your experience by either having some sort of helpful thing or something stupid and silly. It would have to cooperate with the real world.				Provide sense of belonging/collectivism, audio overlap visual informationt to improve focus, immersion equal to visual AR, omit noise form environment, interaction + immersion within real world.

		Which use cases or scenarios, do you think, will benefit users the most as an application of AAYR?		As we all are working virtually, if we could hear each other or hear office sounds, or have a feeling of being together, that could be great. It could be like ambient sounds, it needs not be a headset. It may help in increasing productivity, like working in the virtual world.
Augmented audio could also be used with visual things around you. Say that you were in a museum or a historical building, it could give out some sounds to mimic the era, to feel more like you are in that zone or environment.		With music, you could create live like concerts.		Calming music to make you more productive could be great. What you listen to can change your mood and enhance how your work/what you do. So if you are working from home but you like the random office noises, if you can hear those sounds, it would immerse yourself in it, but you could stay in the real world.		Business meetings or meetings where you could have that different experience
Video games; music concerts
Military or police training could be great for use with AR.		When you want to do meditation, AR audio could enhance your experience and focus on different sounds.
Video games for sure, AR would help you immerse into the game and focus on playing.
Listening to music in a different way, like with immersive feeling of being in a concert.		Hearing aids are already some form of AR, as they increase sound. A slight modificiation would be to dampen out irrelevant noises and boost useful noises, like in a cafe, you could cut out all other people and only focus on who you are talking out. Also if a car was running towards you, the audio could kick in to warn you to get out of the way. Also, alarms could be some sort of AR, like with voice assistants where you can ask things. If you could also see these things that would be AR.
Videogames also, that would be great for the industry.				Adding keynote sounds to enhance our real soundscapes (office sounds when working from home, meditation), museum tours, virtual live concerts, video game experiences, affect modification, military+police+fire fighter training, mask or omit noise from environment, voice assistants.

		Can you discuss which users in particular might benefit the most in their respective scenarios from AAYR?		It could be useful for people who are visually impaired to be part of the whole AR experience. 		It would be helpful in education, so from the age of 5 uptil when you graduate from college. Connected to history example in prev. question.		People trying to start a new job, the job training could be done through AR, like with training to work in a factory. This could get them immersed into the factory and understandnig what it is like in that environment.
Poolice also, who can learn/practice or get them trained to their job.		It could help college students learn a lot as they learn tech fast.
It could help those visually impaired as well.		Young adults, because they tend to learn new technoogis and softwares quickly. College and grad students could use this greatly. 15-35 age range.		Those with slight hearing impaired, to help them boost sounds to expereicen the world more.
All other ideas covered.				Visually impaired (x2), education programs, factory worker trainees, military+police+fire fighters, young adults (15-35 years), hearing impaired (x1) 

		In terms of auditory displays, which is the most important aspect, with respect to human hearing, for providing information? (ego vs exo-centric display, spatialized vs non-spatialized sound, speech vs non-speech sounds, amplitude, pitch, etc)		I agree with making the sound 3D. The main thing I can think of is not just thinking of distance in 2d, but in 3d, so that the sound can come from anywhere, not just a linear distance. It could be like a sphere, and it could come from anywhere. The user should get a feeling that it is not just coming from the room.
It should be as close to sounding like real life as possible, not just sounding like it comes from a device.		To create an audio reality, you have to mimic normal everyday life. And having it inside your ears makes people associate it with headphones, which mimics everyday life.		It depends on what you are doing. For music it does not matter where it is coming from, all around you or one direction. But if you want to be immersed in a game of triainig couse, you wouldneed that 360 sound. You also would need a distance effect to for the sounds.		It would have to be that spacialized sound, so that you can make people feel that they are immersed. Adding that 3D experience can also help people visualize that sound better.		I also think it depends on the technology and the condition that you want to use it for.
Like in the gaming industry, 3D audio would be great, so that you can listen to the person that is shooting to determine where it is coming from.
For listening to music, you do not need 3D AR audio, I just need to be immersied		It depends on what you are going for. If you are going for say Pokemon Go but for an auditory experience, than then audio has to sound like its coming from whereever the creature is or where the sound should be coming from. If you are going for more of an overlay, like the visual things poping puo (notifications opoing up in glasses), it would be acceptable to be how it is now - in your head. 				Spatialization/3D virtual audio appearing to come from a real source. Immersion can vary with context.

		What form factors (hardware, such as earphones) do you imagine being used in application of AAYR? 		I agree with all the points, I do not have anything to add here.		Little drones flying around playing sounds. I think it could be a shared experience then with this type of technology, but their experiences could still differ.		Speakers could create an AR kind of sound, and would help you immerse yourself into the world around you. They could also work like pretending that you are in a specifc place, like in a jungle.		I agree with Jonah, especially with organizing the speakers to implement AR audio. A headset with speakers in the ears for audio capabilities would be great too. Or you could just add it to existing tech.		Headphones can have AR audio. If the headphines have a button to change whether you are listening to something with AR audio vs. normal, that would be a great feature to existing applications.		It can look like anything depending upon what you are doing. If you have holograms like with the Harry Potter World, you can have certain concerts where you are taking something from the virtual world and are putting it onto to the real world. You could have also something like a speaker strapped to your back to play some kinds of music depending on what you are doing.				Drones flying overhead and providing auditory information through loudspeakers, traditional speakers in the real world, headphones with AAR acitvation button. Context driven.

		Based on this discussion, how would you define AAYR?		Audio AR is something that will immerse your senses or augment your senses based on audio and help define what is infront of us or add to the audio that is currently there. It could augment/enhance our senses/sounds.		Audio AR is something that can enhance your reality and not fully change it.		It is audio that enhances you physical environment without fully seperating you from reality.		I woud say that maybe adding audio elements from a compiter generated software that could add to the real world environment, but not take away from it.		This is audio that augments the experience that you are now experiencing. It could be somehow enhancing what you are experiencing in different senses.		It is audio created by a machine to enhance you reality, whether it be adidng something from a virtual world or becoming one of your other senses, like vision.				immersion + define reality better for user, not fully change it,  not take away from it, 

		As an emerging field, what future directions do you envision for AAYR? For example, vision based AR systems  have matured for application in aircrafts and vehicles as Heads Up Displays (HUDs).

		We will now show you a taxonomy that was developed after a literature review. Please share your thoughts, comments, and suggestions on ways to improve it.		I was looking at the karaoke, so would that be like auto tune? That is sort of building upon your original audio and adding a layer on top of that.		It is great how it can track your orientation to specifically place the sound, as this could be great in a video game, like when you turn around in this kind of a virtual space. Trying to figure out how t best place sounds is iomportant.		With the athelets as users, they could benefit from this a lot. During track practice we would be able to listen to music, as that could get you hyped up, but you can't do this at a competition, like with cross country. They could definetely benefit from it in these cases		Somethuing you can add to users and use cases is teaching, espeicially with online learning. One oif the definitions is doubled, 		You can add the challenges of using it and the benefits that the users could get from each use case. How could the AR change how the users interact		The organization is a bit tricky, is everythying linked across? It was a bit odd going across it as if everything in a row was connected. I would explain that somewhere, to help people understand.				autotune - changing real sound source by modifying it so a new layer is added; teaching/education use case, challenges and benefits for each use case, interaction tehcniques, make connections between different aspects of AAR

		We will now show you a video demonstration of the  capabilities of  AAYR using a prototype device. Please rate your satisfaction of its performance on a scale of 1 to 7, where 1 is highly dissatisfied, and 7 is high satisfied. Next, please provide your thoughts and ways to improve the application.		I think that it will be very useful for someone who is visually impaired and may need some help to figure out their environment. Especially in wanting to see something like what a book may be about. I was assuming that this application will depend something based upon what a sound is, before I saw the video. The colors may be useful for someone who is color blind, like with traffic lights, and which is on. 6/7.		I thought that the tech was interesting, though it was not perfect, like when it was detecting images, like on the railroad tracks. That could be improved, but it is in its early stages. This could be great for people who need something to be read out to them. Some of this may not be tremendously helpful to many people though. I would give it a 4.5/7		I was a little confused on what was going on. 
Then yeah I did enjoy it, there were definitaly some mistakes made, it did recoginze a lot though, so that was impressive. 5 or 6/7		I thought its use cases were practical for certain groups of the population, but it may not be tremensdously helpful to everybody. It was fairly practical though. 5/7		I liked how it works, but the noise is not great, as it is unrelated to what is happening after that. Overally it is good, I would give it a 5/7.		I would say that it is very impressive for what it can do at the moment, though there is room for improvement. Given the uses for it right now, I think that it is a useful tool, the naming of colors may not be useful though. 6/7, because there is likely more you could add to it.

				muskan@vt.edu		caitlyns@vt.edu		jonahjlee10@vt.edu		lnhylton@vt.edu		morvasaaty@vt.edu

				https://www.ted.com/talks/neil_harbisson_i_listen_to_color?language=en
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Combined Data

		Questions		EI1		EI2		EI3		EI4		EI5		EI6		FG2		FG3		FG4

		What is your understanding of AR?		Overlay		Convey novel digital information. Shared experience - yes.		Visual interaction, registration, and perception of virual information in the physical space. Can be multimodal.		Digital data to understand the physical world by adding to it.		Transparency, overlay new digital or audio components integrated with reality		Enhance experience/perception of real physical space				Linkage between physical and virtual world that in interactive, adding/overlaying to existing reality		Layering virtual content over the real world to perceive more information than what is present in reality. Perceiving anything that does not exist can be considered AR.

		Do you think listening to music, through loudspeakers or earphones, can be considered an example of augmented reality (audio in AR)?		Confidently Yes		If only digital sounds and no real sounds, that is auditory VR.If real sounds audible, yes it is AAR. 		adaptation dependent may be perceiving virtual sounds as real sounds, then it is no longer AR. Hence, AR definition dependent. Have to define reality to understand what the augmentation is. Listening to music is AR? No		How music augments reality. If audio not related to reality - not related to user's immediate surroundings or user's task - not AAR. No leaning. Sonification that interpret the real world can be AR - helps understand environmnet.		Story telling aspects qualify to be AAR - sound induced experiences. Context driven YES.  Immersion can vary.		Context driven. If music actively helps in performing a primary task, YES. Electric guitar sound in person is not AAR - not augmenting anything.		Localization, add to existing environmental sounds		No - 3; Maybe - 2; Yes - 2. Simply listening to music through traditional two channel output is not AAR. However, if there was some form of interaction possible using the real world, or if the sound was spatialized effectively allowing for enhanced immersion it could be considered AAR.		No - 2; Yes - 2; Maybe -2. Yes, if only a single person can perceive the music coming from headphones or similar device, a live concert is not AAR because everyone can perceive real sound, and also because it is adding a layer of auditory information on top of the existing environmental sounds. Context driven.		YES: 8; NO: 7; MAYBE: 4		Audio should supplement, not completely block outside audio. 

		According to you, what are the requirements for sound to be considered an application of audio augmenting your reality (AAYR)?				Any digital audio is AAR - but real sounds have to be audible.		Registration and interaction with physical world. Context dependent. User goal or task dependent. 				Spatialization to denote location of source. Navigation purposes. Stream segregation to distinguish sounds over natural environment. Unobtrusive.		Unique layered display of auditory information that adds to what is already there. Has to be meaninfully enhanced. 				No - 1; Maybe - 3; Yes - 3. It can be shared if people are receiving the same information, but it will depend on the individual's task. Could also depend on the form factor used to provide AAR, if it is strictly personal devices, it might not be a shared experience.		No - 2; Yes - 3; Maybe - 1. Yes, if individuals in geographically different places can listen to the same auditory information. No, because even the same auditory information may not provide the same effects on two individuals. Context driven, depending on the individuals' goals can be shared AAR.				Transform real sounds (noise) to something pleasant (signal). In between augmenting and diminishing reality. 

		Which use cases or scenarios, do you think, will benefit users the most as an application of AAYR?		Haptic feedback can be consdiered AAR. Lower than 20 Hz can be felt, but not heard. Dependent on user task.		AR can use all senses. Audio can fill gaps due to sensory inconsistencies.		Visually impaired individuals, use audio to extend their percepetions. Multimodal AR for training purposes, embodiment of virtual information.		Visually impaired. Visually distracted (driving) - multiple resource theory. Sonify physical elements such as friction coefficient into audio to understand environemnt better- AAR.		Navigation, search operations, entertainment - games, militray training purposes, over ears for finding things.		Assistive technology - navigation, rehabilitation. Education - enhance remote learning, shared classrooms. Entertainment - music, games, movies.		Hearing disability, entertainment purposes, isolation for focusing on primary task (reduction of environmental noise), audio aided GPS navigation using HUD (complement the visuals)		Interaction between virtual and physical, hardware capabilities, virtual sound is the primary sound and real sounds are part of the soundscape, context driven.		Provide sense of belonging/collectivism, audio overlap visual informationt to improve focus, immersion equal to visual AR, omit noise from environment, interaction + immersion within real world.

		Can you discuss which users in particular might benefit the most in their respective scenarios from AAYR?		Could be everyone, even deaf persons.		Those with hearing loss won't benefit from AAR. Present information when necessary. Temporally scalable use cases.		Those with limited vision or other modalities. Aural AR concerts in a physical space. Entertainment use cases for users in everyday life. Everyone can benefit to an extent depending on context or use case.		Users whos visual channel is occupied. Context driven - constraints of visual perception. Better perception of quantity through sonification than visualization.		Viusally intensive tasks benefit from auditory channel, offload certain workload. All entertainment purposes. Visually impaired, search operations.		Age based users. Experience based users. Controlled exposures to avoid becoming overwhelming.		Entertainment industry, teenagers, older users		Recreational acitivies such as going to a museum, aquarium, zoos/safaris, spatilaized audio in movie theaters, Zoom meetings, music production, VR applications; adding additional environmental sounds to improve SA. 		Adding keynote sounds to enhance our real soundscapes (office sounds when working from home, meditation), museum tours, virtual live concerts, video game experiences, affect modification, military+police+fire fighter training, mask or omit noise from environment, voice assistants.

		In terms of auditory displays, which is the most important aspect, with respect to human hearing, for providing information? (ego vs exo-centric display, spatialized vs non-spatialized sound, speech vs non-speech sounds, amplitude, pitch, etc)		Demographic dependent. Personal choices.		Same principles of audio displays apply to AAR.		Scenario or context dependent. User need dependent.		Audio spatialization through head tracking and head related transfer functions. Place audio source anywhere aside from left and right of user (stereo sound)		Representativeness of auditory cues to minimize mental workload, latency issues for immersion, reduce any nausea. Work in tandem with natural environment and people. Spatialization to easily distinguish sounds.		Convincing spatial display and interaction. Increased immersion.  Depends on the needs of the experience. Acceptable enough HRTFs and room acoustics so user do not immediately reject the image. Virtual space and real space should not completely contradict each other - unsolved.		Spatialization for localization, transparency (compare elements of visual and auditory display - have similar and distinctive mapping between the elements) Example: temporal quality. fading sounds, blend with environemnt.		Visual (x4), auditory (x2) impaired individuals, youth (x1). Visually intensive tasks.		Visually impaired (x2), education programs, factory worker trainees, military+police+fire fighters, young adults (15-35 years), hearing impaired (x1) 

		What form factors (hardware, such as earphones) do you imagine being used in application of AAR? 		Demographic and context dependent. Goal relevant.		When required, the auditory information can become part of the environmental sounds as a shared experience, but otherwise remain accessible to individuals that need it. Consider comfort and function trade offs.		Bone conduction, lightweight, auditory implants in the human body		Smaller, simpler. Understand environment. Separated instruments for tracking, sensing, displaying.		Headphones inside ear or around ear to remain aware of outside environment. Bone conduction earphones but with better localization features; current BC are not good with exernalization or elevation 		Bone conduction and Open back headphones (allows to real noise in in a natural manner). Feedback loop in shared environment since real world is altered. Binaural loud speakers in real world is AAR; the speakers can dominate real sounds in a small space though. Virtual sources can be more or less spread out based on speaker locations. Virtual and physical perspectives/images must match for satisfactory AAR experiences.		Least noticeable, small. Time frame after which AR audio becomes ambient audio to ensure audio does not dissipate.		Spatialization (x2), intensity (x2) and temporal variation, environmental preferrably with seamless interaction,  minimal hardware (x3)		Spatialization/3D virtual audio appearing to come from a real source. Immersion can vary with context.

		Based on this discussion, how would you define AAYR?		interactive sonification related. action means user task?								AAR is not hardware focused, unlike visual AR. Provide diff sense in conjuction with the real world. Any audio that does not interefere much and perceive some other information.		Meaningful enhancement of the sounds of a physical spce by adding virtual information		Indistinguishable between digital and real source, enhanced communication channels, entertainment purposes (games, movies, music), natural voice agents, military training and simulations, increased sensation of otherwise dull activities (driving), increased situation awareness (detect sirens and alarms)		seamless interaction, unnoticeable hardware, unnoticeable latency issues, improved battery life, combine with existing hardware such as glasses.		Drones flying overhead and providing auditory information through loudspeakers, traditional speakers in the real world, headphones with AAR acitvation button. Context driven.

		As an emerging field, what future directions do you envision for AAR? For example, vision based AR systems  have matured for application in aircrafts and vehicles as Heads Up Displays (HUDs).		is sound feedback or instruction? can define is some sound is AR or no. but according to him, all sounds are AR. The turn signal here is for the driver; other drivers don't hear the sound, only see the visual stimulus (orange turn signal). so it is reminder/feedback.														used with visual AR, make primary task easier, assist/enhhance experiences, social interaction.		immersion + define reality better for user, not fully change it,  not take away from it, 

		We will now show you a taxonomy that was developed after a literature review. Please share your thoughts, comments, and suggestions on ways to improve it.		Providing audio cues to only those who need it, for day to day use. Perceived reality - diminishing reality, noise masking. Healthcare sonification papers - trimlab MS students. cite previous driving related papers. Tim Zimmer audio games. Autism, dyslexic individual benefit from AAR. Blended sonification - thomas harman, ICAD. Working memory analogy - work with 2-4 bits of information at a time; accuracy drops with auditory information - requires training.		Loudpseaker sound is AAR - yes. Removing certains environment sounds is AAR - yes. Have a high level taxonomy as well as a detail level taxonomy (hierarchical)		Physical reality registration. Animating physical objects with sounds - not AR? Separate Training and Education use cases. Location based audio spatialization - understand how sound would behave in a specific location. Add entertainment use cases - selective concert goers - those not interested can choose an individual different audio display. Individual AAR is good but should not hinder ability to communicate with others in the immediate physical world, if not in a better way. AAR should not create individualized echo chambers - social collaboration must exist. Equity issue between those with access and those without.		Hierarchical taxonomy. Electric guitar sound - not AAR. 				Mulitple layers of audio. Categorize based on complexity and context with primary task. Consider temporal aspect of layers since all layers are not available at the same time. Interaction dependent, complexity and context of sounds.		Athletes like rowers, cyclists, swimmers, aerobics, rehabilitation, provide feedback based on their actions to provide rhythm, sonification of their motion - training purposes. 

		We will now show you a video demonstration of the  capabilities of  AAR using a prototype device. Please rate your satisfaction of its performance on a scale of 1 to 7, where 1 is highly dissatisfied, and 7 is high satisfied. Next, please provide your thoughts and ways to improve the application.												Prioritize hardware based on use case. Removing sounds not AAR.		use score's mean, sd, median. keyword frequency. use specific number when reporting results in paper.		virtual and real sounds should not interfere. link users to form factors and rank them, provide scenario/context/use case		autotune - changing real sound source by modifying it so a new layer is added (transformation); teaching/education use case, challenges and benefits for each use case, interaction tehcniques, make connections between different aspects of AAR







Image

		Digital data to understand the physical world by adding to it.		Transparency, overlay new digital or audio components integrated with reality		Enhance experience/perception of real physical space

		How music augments reality. If audio not related to reality - not related to user's immediate surroundings or user's task - not AAR. No leaning. Sonification that interpret the real world can be AR - helps understand environmnet.		Story telling aspects qualify to be AAR - sound induced experiences. Context driven YES.  Immersion can vary.		Context driven. If music actively helps in performing a primary task, YES. Electric guitar sound in person is not AAR - not augmenting anything.

		Registration and interaction with physical world. Context dependent. User goal or task dependent. 		Spatialization to denote location of source. Navigation purposes. Stream segregation to distinguish sounds over natural environment. Unobtrusive.		Unique layered display of auditory information that adds to what is already there. Has to be meaningfully enhanced. 





Combined Data II

		QUESTION		E1		E2		E3		E4		E5		E6		FG2		FG3		FG4

		What is your understanding of AR?		AR is, if we think of MR being in between, then AR is augmenting the real world and that we are overlaying onto the physical world. Weve been doing it for arguably 1000s, or 10000s of years. If someones read a story to you, then you've experienced AR. So too through music, the radio, podcasts. It is continued through your phone, where you visualize through that.		Using some computer or form of digital something to convey information over the world that wouldn't be there without it. Could be as simple as showing the line of scrimage in a football game. Anything thats giving more informtion than without the display.
Could your def lead to shared exp? It could, as with something like visual with TV. I have a very visual skew when it comes to AR technology. Obviously sound can be a shared experience.		Immersion of virtual and physical stuff together. My view has changed as time goes by, like 12 years ago when I first started my research in AR, I read a paper that defined AR, and thought of it as more of a visual interaction type thing. The registration part was important, how the virtual was regestered in the physical space. But with audio and other perceptory parts, I feel like its more than just the visual aspect, like with audio and haptic. I am trying to see this terminology in a more broader sense these days than when before.		AR is using computers to understand the surroundings; understand the actual/real world environment. Based on its understanding, it is using compuyting to add something to it, like technology. Computers understanding the environment and mixing audio/virtual information with the real world.		AR to me is reality perceieved often through a transparent glass, a reality that allows you to overlay either digital or audio components that is not already there, bt overlayed on the natural environment, but not in a way to not be able to perceive the natural environment. It sort of integrates with the environment.		AR is a method of enhancing one's perception of the surrounding environment. Its a way to enhance ones experience in a real physical space.		Its like taking visuals and placing them in the area around you. In VR, you completely change you outide vision, while in AR, you add things to that vision. AR is like a popup/a more advanced version. VR is a more actual world, like a 3D version of it. AR is similar to VR, but not the full simulation.		AR is there for some sort of likage between the phisical and virtual world. Having some kidn of reaction that is virtual in soms ense but is interactivce in a physical sense. The name suggests that you are adding to the existing reality and trying to create different experiences. For example, like Pokemon Go would count as AR. This could be done either with software or hardware implementations/. For me, AR is something that is virtual but laid on reality. For example, something with a display could br AR, and some games as well. There are also some cases, where someone created video games in their own house, where they play though some glasses. AR is combins virtual things with reality, like with the heads up display in a car, which has a live map. The screen has a camera that shows a live map in front of you to make directions easier. AR is something between a reality and a VR, because you are in your real world, but the headset overlays a virtual screen for you to interact with. You are in a sense transported to a virtual world in real life. AR is when you are trying to augmented reality or overlay reality with images or something to change that reality. AR is using technical method to combine some special method to the reality in order to help people see and hear differently.		Its computer generated, virtual immersive experiences in real life. Like you can see that or hear that in real life. Instead of seeing what you can see with the naked eye, you are adding a layer to the real world so that you can see more with the added technology. It shows a component from the virtual world in the real world, layered over, like a camera. Putting a virtual layer and virtual components over the real world. AR is layering over what we can see or listen in the real world.Bringing virtual things into the real world by virtually stimulating senses. The idea of bringing in visual inputs or audio inputs into our world, like Pokemon sitting somewhere. It has sounds and you can see something on your phone. If we find a way to stick you in a suit and make you feel something, that should be also counted as AR, even if the technology is not there yet.

		Do you think listening to music, through loudspeakers or earphones, can be considered an example of augmented reality (audio in AR)?		Yes.		I dont think theres a split between AR and VR, theres a split from totally real and totally virtual.If I completely block out all of my sound and am listening to music, I would call that a form of VR for audio. For it to be AR, I would need to hear the outside and inside, the birds chirping and the digital world.		Its interesting, yeah it really depends on how you define AR, but right now, to me AR is more like an adaptation where people have already gotten more use to it. Its already my reality, I can listen to your voice through my headset. Maybe 100 years ago if we coined that technology, when we first invented that music system on technology, then maybe we should consider it AR at the time. But right now its difficult to say, because it is part of my reality. "Every time I present my research to the audience, I always try to present what the reality is, which is baed on my experiene. AR is enhancing my experience, like with this video call right now. Reality has been changed to me, and my perception of reality has changed, and this AR technology are just the tools to change/enhance our reality.
		Yes, I think its a very interesting area. A lot of AR systems are things that we visually see, like seeing some real world objects and using your phones, which gives you a measurement for those objects. But it does not just have to be visual, we listen to these surroundings. It depends on how it augments the reality. If you are just listning to some music or guidance, that is not really related to the reality, so it isn't AR. But if it is related to reality, for example Microsoft did a project about mixing audio information/sound with navigation system for visually impaired people (if you need to be at some place, you use spatial audio to help for navigation), it is difficult to say if it is really augmenting reality. There is another paper about wearing a helmet for bikers. The helmet has a camera which will see the camera and what you are approaching and will play some music/sound that is directly related to the distance, speed, object that is near the biker. 

		I think about that some times too, sometimes I like to listen to musicals, and I remember once driving with a friend and we felt like we were watching something. As we were listening we were making a world inside of your head that you perceive. Listening to things that have a story component could be considered AR. I can just hear a song from some play and be transported to that sound, even when just listening to that sound. "A: you said you passenger was almost immersed, while you were driving, correct? In this case your passengers have the primary focus of the song, but your primary task or goal is to drive safetly, do you think there is a distinction between categorizing your experience vs. your passengers in terms of which is and isn't AAYR.

		It depends on the context. I think that if you are listening in a passive situation (riding a bus and listning to music), then those two events are so dissasociated it is not an AR experience. Say youre listening to music while cleaning up in your house actively, those two things make your work more fun, so it does fall within the event of augmenting your reality. "//Shared vs. Personal Experiences
I fail to see at this point the benefit of a shared AR experience. I see the benefit in a VR environment, and I consider the audio a shared experience possibly. But for AR? I lean towards no from a personal experience. I haven't thought about it much?

		Potentially through speakers yes, but not through headphones. It depends on where the sound is coming (like with speakers to determine where sound is coming from, localize the source). 
What is the media has spacialization? 
I think that is possible to get in ear headphones to that level, I am not sure if the technology is at that point. It is still to limited, it kind of localizes at this point (no up/down). "I'm not sure how those examples can be translated into AR.
If you could hear it in all directions, that would be AR." "Follows on with Matthew. Headphones makes you more in the simulation, feels like you are really ""in it"".
Spacialization Q: Headphones aren't quite there yet, not quite as good as speakers."		Im not sure, I would say that more AR involves some sort of interaction with something connected between the virtual and physical. So music listening would not be the first thing that comes to my mind./ I would say that tehcnicially it is a format of AR, a good example would be the virtual haircut sound, such that you can feel the experience of what a sciessor/barbor is around you. This could count as an AR format. It fepends on whos experiencing it/. It depends, to some degree if there is a virtual aspect added to that I would count that as AR. And for music, if it could have some localization or left sound channel, that would also count. If it is just plain music, then probably not. Considering the AR term, audio AR would be asong that relates virtual sound with real world sounds (outside). As far as I know, the environmental frejdnly vehicle is mostly powered by electricity, and when it starts the engine does not have much sound, this has a tradeoff. Without sound can feel differently to the driver than with the sound, so in the future we could emmulate this sound in order to have opeople feel a feeling of starting the engine/car. 		Im not sure if music is AR, but if it is someting like, supose a live concert which you are listening to, and it gives you the feeling of being there while not actually being there, that would be mroe so simulating reality through audio. That also makes me wonder if talking through someone as we are doing right now is AR, at least in terms of sound. How do you define audio that is augmented and what is not? I agree with Luke and Muskan, they should be combined rather than being a part. With live music, if I feel like I am there, that would be AR. It is, because if you go by the definition it adds a layer to the real world, then you can still hear the outside real world with the added layer of new sound. I would not normally consider music to be AR, as it is more of a visual stimulus, but if they were together (like with Pokemon Go), maybe that would be AR. Yes I think it could be, because when you are listening to music and the sounds of the music are not happening in the real world, but you can still hear it, that would make it audio of AR. 

								There is a researcher in U Penn, Computer Graphics Professor Normal Bedlan, paper is from the late 90s or early 00's, he mentioned that our generationmight be the last that distinguishes between the real and virtual world. But, who knows? Howe we define AR may change in the future, it could just become reality, where we dont have a difference in virtual and physical space."		Sonification can help you understand the surroundings. So we have computer interpreted sound. "Mentioned about how sound should be related to reality/persons task:Assume that you are in VR, then what you are seeing is all virtual, there is nothing physical. If you are seeing both the physical and virtual world, that is AR. So it is kind of a mix of the two. I think the same goes for AAR, if you are wearing headphones, you are blocking other sound, then you can only hear what the system is playing. You can also map the sound to some place, where some movements can be directly mapped to that. If you can still listen to the environment and what people are saying and if the computer is also generating some audio that is related to the physical environment, then that would be AAR."		K: I think that can both be consideered AAYR, but I am the person with the split attention, Im not as immersed as I otherwise would be. It should not distract from the actual environment, whether I focus on it is my decision, but it is still displayed so how much I pick up on it is my choice."		A: Does listening to an electric guitar in the same room shared audio AR? I mean a collective listening experience, we experience that every day. I don't see the augmented part of the experience in that situation. How would listening to a concert be an augmented experience? A: The sound is produced in a way digitally and it is overlayed on top of your immediate phyiscal environment. I am not sure if it should or shouldn't be.Yeah I would not consider that an AR. I would still need an audio layer on top of this guitar to consider it an audio experience. My definition is a bit more restricted in this sense."				This seems like audio AR to me. By augmenting audio on surrounding noises you would be doing AR, like with Noise cancellling, that would be some sort of audio, as it takes out white noise and consistent noise. Standard headphones, maybe not. Jusyt listening to music is probably not AR, you would need some sort of blend in the reality for it to be considered AR. It would count as AR, because these daus the headsets develop very quickly and there are  alot of improvements based upon the number of channels. The focus is to make the sound real, so the main focus would be trying to recover the effect that they want to achieve in the best way, to make people feel like they are in the actual environment. As if you were in an actual concert, etc. Currently the technology has a lot of disadvantages and a lot will need to be improved.		It would only count if the headphones or something that other people can't hear, something that is only designed for you. The case of any recorded noise being played throgh music, compared to a person plahying the piano or screaming would be no different. It would have to be something that is only heard by the personal user and it may have to do with how the audio is being used. There should be a bit more nuance between how it is being used and what people are able to hear it in a certain given area.

		Do you think Audio AR can be a shared experience? Or can it only be considered an individual experience?																Definately, like with 2 players plaing a game. Tow people are sharing the same AR medium and would be sharing the expeirence. It can be shared, like if you were talking to some kind of voice assistant. So mylitple people could talk to it at the same time to solve some task.It can be, but it depends on the tasks. If they have somegthing interactive that they can share among two or more people that also involves sound, that could be a shared epxerience, but if it is something that someone want sto enjoy themsleves, it could be single. It is possible to make a shared experience, like with dancing together or playing some games together or just in sharing some audio. Most AR does not have heads up equipment, so it would be shared. It can be private with the single headphones, but without it coul be sahred. I do not thing so, because I agree with Jing. Considerfing that Audio AR is personal, like with headphones, it can't be shared/. This technology can be seen as indivudual and shared experience, like with gaming. They can be shared. Some example would be like giving a alecture to a group of stduents with an evolved form of AR. Like you are trying to duplicate a single environemnt to multiple individuals. They are recieveing teh same information at the same time		It can be a shared experience, but I don't know how. With visual experiences you can see other people doing things, but you can't hear them doing that sound. How do you make sure that you both are listening to the same sound while being in different places. With audio, that could be a little tricky to make sure that the other person is paying attention and listening to it. "I do not think so, because even if two people are in the same AR, they may not feel the exact same thing. Even if we are just talking about things with our naked eye, we all perceive things differently, so your reality differs across the individual person and how much they enjoy it or what they see." It could be a shared experience, like with Pokemon Go, where you can share you phone and you can both experience the same thing and sharing the experience. Audio can be a shared experience, if multiple people could hear it at the same time. Then you can share the experience with many people. I think it could be a shared experience, for example if my friends and I could listen to music simultaneously, that could work. Like if we all play the music together while all being in different locations, with a shared AR it would be great. Yes, auditoy AR can be a thing. I think it has a lot to do with how you use the AR. I think the difference between using audio technology vs. AR would be the intention behind said auditory inputs. If it is simply to make a sound unreated to modifying reality, like a sea shanty playing in a bar or jaunty music when riding a horse, like in a videogame. That may need GPS tracking.

		According to you, what are the requirements for sound to be considered an application of audio augmenting your reality (AAYR)?				A synthetic representation of audio sound in some format that is portrayed to the person. Im assuming AR means you are letting some things through, depending on how you see that spectrum. Could just be watching the TV, as thats kind of a form of AR for sound. It is giving you more information and it is digital.		Going back to the definition we mentioned in the AR literature, onr of the things is the registration in that physical environment and the interactivity. To me the AR with the physical environment should consider the real aspect. To me if I want to call the AR at the stage of the current tech, it depends on the scenario or context that I have. On top of this context, I am doing a tast, so I can extend my experience related to this context, then I would call it AR related to the modality.		Already touched upon this.		Having direction, a spatial component for AAYR, because often times the things we are trying to portray have a natural location or an implied location in space. Theres one project thats a sort of navigation system, where you put in a lcoation on Google Maps and will ping in a certain direction to show how close/far you are. A lot of the projects I use for AAYR has a directional component, because number one stream segregation, so that people can split up the sounds in their environment. For safety a person needs to be conscious of their outside world, we don't do that, but it is probably really necessary. It is unobtrusive and has a spatial component, and its also able to be detected over the normal noise that happens in an environment, something that allows it to be heard.		We need layers of audio that is coming into the physical space that doesn't necessarily belong in that space. I want to augment the experience, I want to have this audio give me more information or more context for what is exactly happening there. In your case, I would not consider a physical guitar or a flute playing on top of that guitar AR, because I would not consider that a meaningful experience. I want my experience to be enhanced in a meaningful wayk, so that I get more information about what's going on: me and maybe not next to the person next to me.		You need to be able to directionalize the sound. At a minimum, at least 5 different zones that can be chanelled to make the sound different = up/down/left/right/center.
You need to add in some elements of what is oustide around you. If you are fully replacint the audio around you, that would not be AR, because you are cutting it out and replacing it. They need to be together, simulated and real audio. "Agrees with Matthew.
Depending on what kind of music you are listening to, AR could help you experience the music better." Agrees with Matthew.		The requirements for AAR are the same for any type of AR, it needs to have some kind of interaction with the real world and virtual world. Although this will contain a lot of visual components, audio components can further augment this experience. Hardware requirements are a must, you need those components to bring those features to reality, or to AR. They could exist without virtual effects, so you could use audio effects instead, but the hardware components are a must. Based on the definiton of AR, there needs to be something both virtual and in our real life, plus with audio. I personally would love to have a visual type thing if there was that audio capability. But it also depends on the person who can experience something that is not only visual. Needs to have virtual component and reality aspect. Different types/aspects of sound can appear in both section, like with vibration which could also be emulated. First AR has to contain reality in someway, and the augmented audio part means it has some relation to the real world but is virtual. You can combine these in differfent ways. You have an understanding of the surrounding and you aigment it with something. So you must be able to hear what is arround you, and the tone that you pick up could be the augmented one that is being overalyed by the system. 		One aspect could be the sound making you all feel like you are together, or having that feeling of being somewhere else or being with a group of people. I am often distracted by my visals, but if you block your vision just to deal with the audio so that you can make your own vision, that could be AR. You want to be immersed, but for it to be AR, you have to still be able to experience the real world. This is different to simply just having a different reality. If it has an immersion experience, that could be AR. Or if it has a visual expeirence along with it, so that it is visual and audio, that could add to the experience. I also think that one of the main charactersistics of AR/VR is the immersion. If the audio is immersive in an environment where you can't hear other sounds, like with noise cancelling headphones, that would be great. The differenfec betweemn VR and AR is that the Pokemon includes interaction with real world as they appear on the ground or in the "sky", vs. strapping on a headset and it is floating nevulously in a spot. If you use noise cancelling or tech like that which is used to immerse yourself in a different world, that would be transporting youself to an entirely different reality, albeit rooted on Earth rather than a fantasy world. AR needs to cooperate with real reality to enhance your experience by either having some sort of helpful thing or something stupid and silly. It would have to cooperate with the real world.

																		The augmentation is what you hear mostly. The audio is not AR on its own. SO it depends on the context or space. I would like to have a sensation. Are they enhancing my reality just with the audio. Good hardware. To make people believe what they see is real, you need good tech.

		Which use cases or scenarios, do you think, will benefit users the most as an application of AAYR?		Every scenario I am working on (hospital, entertainment, interaction, ...) applies. There isn't a scenario that does not benefit from Audio AR, even those that are deaf.
For the deaf - there is no such thing as completely deaf. It's more a case of where the frequencies/perception become more inefficient such that they can't experience it. They can still feel the physical vibrations, and you can use loudspearkers has haptic devices. I am working on a system for those who are deaf to edit podcasts? so we need to change the pitch into a haptic range so that they can feel the haptic range.
There isn't a scenario it does not apply to.		When I think about the entire experience of that spectrum from reality to virtuality, and how do we make it more rich? Or better? Ive been thinking about blending across virtualities, so that you can play music, or you can add information on to the real world (ex: ask Alexa to explain a recipe). For AR, the real benefit is that mixing of adding additional information across all of the senses. And theres power to that, because our brain views the world in blocks, so we could trick the brain and help make it think differently. Think haptic cues around the wrist, where when you add a visual graphic of a ball rolling on your wrist, you could feel that. We can make up for inabilities in tech with audio to fill those gaps.		Related to the concept I mentioned and the user's experience, each user may have a different expeirence and perception of reality. AR, especailly related to the audio, many researchers have looked into the audio effect for the visually impaired. For their experience, they cannot really see, but through the aural feedback, they can extend their feedback on top of the real data. They can now process more. That is certainly an AR.
Also even with the AR if the user can only see the visual stimuli, that could be one scenario for the training. What we develop is mostly based on a combo of visual and aural senses together. So AR that combines these two data could be considered AR. When I talk to a virtual human in front of me, not only am I seeing them, but I am talking to a virtual agent, and that case is plausible and I can extend my virtual communication through that agent.		First, not everyone can see visual feedback, some are visually impaired. They should be able to take advantage of computing to enhance their lives. For those who are visually impaired, AAR can be really helpful. Sometimes you can't really afford to use your visual attention, like when driving. They should be used in  a very safe way, because you have to keep attention on the road, and in these cases AAR can be great. EX: if you are driving what you are seeing can be just reality, and this is the most imrpotant thing, because you have to focus. Audio is less important because people close their windows and just listen to music, but then it could be important. Maybe teh computer can intrepret the road conditions and sonify it in some way. Convert the friction coefficient of the road to sound.		Any sort of navigation, search, theres also fun as well. Some students made a Pokemon Go type game but only with audio. There is an entertainment aspect that sounds really cool, some could be serious, like for training. Overlaying actual fields with combat for a soldier to practice. Also orienting or finding a way point where everyone needs to meet up. I feel like sound is best over ears for finding things. "A: You know how Apple's AirTags allow you to navigate towards a missing object with a beeping, is that AAYR?

K: Yes, because it is helping you achieve some task and the audio is not of the natural world, and you are percieving it with your senses."		I would consider assistive technologies benefitting from technology, for example any navigation technologies or rehabilitation or anything that falls within this category would rely on this technology. Education: you can enhance remote education scenarios with augmented reality. You can bring your classroom or a new environment with a virtual teacher or student into your reality. You can create a shared classroom space for those who are far apart. And this is important for enhancing your experience. I also see a benefit to the gaming/entertainment industry a lot. Not necessarily just music, but also gaming, movies, etc. Also adding the visual experience. "//Would deaf people benefit from audio AR?

		Hearing aids, could be helpful there, to spacialize that would be effective.
For entertainment purposes, could be great. Sit at computer and watch concert, but audio would be a bit different. "Using it in the metaverse.
When you are working on a project with a lot of noises, it could be used for singling out certain sounds." "Something with GPS, kind of already narrated, but if there was a technology to project something onto the glass in front of you (heads up display). Implement sound into this case, it would make it easier.
Add a surround sound aspect."		Retelling a story or some part of history and having that AR and audio part come in. Like with a battle, with its visual and audio components. That would give a fully immersive experience. The voice notes in the zoo, that would enhance your excpeirence of reality by helping you learn more. The audio aid to the visual component will help. It would be great if I was walking in some great place (like the aquatic center./aquarium), and you can hear something from headsets/bone conduction headphones that tell me a lot about these creatures or mimics their sound, that would augment my experience. Contents like with cars. If the mysic can contain something wit hthe outside, so people listening to the music can still understand what is going on outside, but will also give feedback to the driver as they drive. "Movie theaters. When you are watching a movie, audio AR could be good.
Online meetings with Zoom to make you feel like you are actually there." "Music industry, people who can come up with creative stuiff in the music spacve.
The classroom environment to make it more interactive. To make more creative" Videogames and the metaverse would involve AR. Social activities like presentations too.		As we all are working virtually, if we could hear each other or hear office sounds, or have a feeling of being together, that could be great. It could be like ambient sounds, it needs not be a headset. It may help in increasing productivity, like working in the virtual world.
Augmented audio could also be used with visual things around you. Say that you were in a museum or a historical building, it could give out some sounds to mimic the era, to feel more like you are in that zone or environment. With music, you could create live like concerts. Calming music to make you more productive could be great. What you listen to can change your mood and enhance how your work/what you do. So if you are working from home but you like the random office noises, if you can hear those sounds, it would immerse yourself in it, but you could stay in the real world. "Business meetings or meetings where you could have that different experience. Video games; music concerts. Military or police training could be great for use with AR." "When you want to do meditation, AR audio could enhance your experience and focus on different sounds.
Video games for sure, AR would help you immerse into the game and focus on playing.
Listening to music in a different way, like with immersive feeling of being in a concert." "Hearing aids are already some form of AR, as they increase sound.

														I would say, surprisingly, yes, because sound is not necessarily only the experience that we are having in our mind, it also has a tactile vibrationalsense to it. I am proposing a project around that concept right now: I think what we consider AAR in terms of deaf people, or reduced hearing capabilities persons, I think that using the necessary devices you can have those people augment and enhance their experience of the environment with vibro tactile information."						 A slight modificiation would be to dampen out irrelevant noises and boost useful noises, like in a cafe, you could cut out all other people and only focus on who you are talking out. Also if a car was running towards you, the audio could kick in to warn you to get out of the way. Also, alarms could be some sort of AR, like with voice assistants where you can ask things. If you could also see these things that would be AR. Videogames also, that would be great for the industry."

		Can you discuss which users in particular might benefit the most in their respective scenarios from AAYR?				It depends on the applications itself. My theory is that we don't totally understand what it could be, because we don't have it yet. It really does depend and we wont understand it until later, but I'm not sure when is later?
Which users find visual AR helpful? I would give a similar answer, though for example people who are hard of hearing many not benefit from AAYR. Its kind of like looking at disability in phases, because you could have it for a lifetime, a season, or a moment. Thinking of this in AAYR, I may have some limitations like not wearing my contacts in the morning, so AAYR could be great there. Or with a degenerative eye disease, which could be a season or a lifetime. Thats underselling it still, because it makes audio seem like its only good if something else is failing. Theres probably more intstances where audio is important that I am not considering.		As I said before those particular groups who don't have ability to see or limited to other modalities, sensory modalitites. Also if they cannot really hear well, and if we can somehow emphasize the magnitude of the sounds. These days a lot of entertainment industries have VR show in the metaverse or virtual reality showroom, where they can have like a concert for example. In the AR space, you can have that aural space for AR concerts in a physical space. That kind of audience would benefit from aural AR. In daily life, people can use this audio based AR, if I need to specify the application areas, then I would say entertainment. We can extend the use cases, but I don't think thers a particular group, rather general users.		Imagine youre having a conversation with someone else. When Google Glass first came out, when notifications were displayed, you can't just read it, you have to mobe your gaze to that notification part to read it. In that case, your eye is not just a sensor but also a channel to keep your eyes engaged. In those cases, having audio feedback may be helpful. If you cant really divert your physical attention, it can be helpful. If the user is working in the area of making many human contacts, then it can be useful. "I think it is all about characterisstics of the situation, of the context. All of these things are constraints that could be permanent, and they all have their own characteristics. AAR can be helpful if that context has some constraints related to the visual perspective. 		People who perhaps have a lot of visial things to focus on and need an audio channel that can be different to or add onto the visual things they are looking at. It could help with offloading some work. For the entertainment, just about anybody. Yeah, people with visual impairments would find this helpful as well, to help them locate things. There would also, then, need to be something to help them navigate around obstacles.		Any user of those previous sets would count: students, gamers, deaf people, etc. If we divide users in a different way, I would think age wise, which is different that what we would expect. Because this is something that takes time to get used to, as to not be overwhelming, if this is a route that we are going towards, people who are younger agedf will benefit more if they get used to it and it becomes a way of dealing with it without it becoming overwheling, but simply the norm, like another way of reading the news. If we could be exposed in a controlled way that would be good, as it is kind of overwhelming.		Entertainment
Anyone with a hearing aid
Goes very much in hand with VR, both should have a very spacial aspect to it. VR for games, you are replacing noise, AR has same technology, but you can also hear what is arround you. Anyone who uses entertainment, who has to use it for work. "Teenagers, because we would be the ones using it.
The older generation, would be more interactive so that they could visualize it more. Add another sense to make audio better."		People with disabilities would have the most abenefit with this. Integrate AAR with critical applications can help them become more independent. Also fir those looking for unique entertaiment. People with disabilities related to audio may get the most benefit. Build a layout for them of getting through some parts of an area or city, and you could coordinate wth public tranpsport. Voice assistant could help here. Those who have visual impairment, temporarily or permanently. Those with those disabiolities or people whose visual capabilities are occupied by other tasks can enhacne their curfrent epxerience with AAR. For those doing visual tasks, because they visual tunnel could be closed, but their audio tunnel is open. So AAR could help with those tasks. "Visual impared folks, so that they have an additional layer of sensory to navitage around something. A lot of Youtube content creators could use it to make their videos more attaractive/appealing to viewers."		It could be useful for people who are visually impaired to be part of the whole AR experience. It would be helpful in education, so from the age of 5 uptil when you graduate from college. Connected to history example in prev. question. "People trying to start a new job, the job training could be done through AR, like with training to work in a factory. This could get them immersed into the factory and understandnig what it is like in that environment.
Poolice also, who can learn/practice or get them trained to their job." "It could help college students learn a lot as they learn tech fast.
It could help those visually impaired as well." Young adults, because they tend to learn new technoogis and softwares quickly. College and grad students could use this greatly. 15-35 age range. "Those with slight hearing impaired, to help them boost sounds to expereicen the world more.
All other ideas covered."

										Not being able to see or use the visual feedback is kind of the limitation, because you can use the audio feedback then. It can work better rather than just visual feedback just not being available. Maybe if the property that you are trying to sonfy can be better in audio that visual. If there is something that is more directly correlated with what happens in sound, then maybe those can be good application areas/"								The youth, and the people who are young. Those who listen to muisc or watch movies and could get into this technology. IT could benefit most other age groups as well. People who have disavilities in the eyes, AAR could help them learn something trhough sound.

		In terms of auditory displays, which is the most important aspect, with respect to human hearing, for providing information? (ego vs exo-centric display, spatialized vs non-spatialized sound, speech vs non-speech sounds, amplitude, pitch, etc)		It doesn't matter. Its all about finding out what people are comfortable with using and matching it to them - there is no one size meets all. Irrspective of where you are, you would have the same sound? "Hiding to nothing". It's a completely pointless exercise. If we can't agree on anything (like how to turn on a light/open a door), how can we make a universal auditory experience. The auditory augmentation sometimes needs to come from a loudpeaker, or from something else.
//Sony headphones that look like doughnuts// -- air conduction. They are just open and the sound passes through naturally. 
Anbie? ear cuffs. -- expecting cartilage conduction to be the next big thing, until these came out.
cartilage is more efficient than bone, it excites the air, and augments the audio coming in from the air. There is no crossover?		I think that at its most basic, the principles of an audio displays. I think thats the starting point. But, what if that changes for AAYR? Thinking about visual AR, you start with principles like what are the grounding principles in this case. For visual you now have graphics plus the world. So context for AAYR is really important, it depends on the environment. I dont know that anything really changes about it. Going a step further and saying that theres probably another shift with spatialized Audio AR, I don't know what that would be. But there would be shifts in it.		It really depends on the scenario that you want to use it. There is no silver bullet per se. Sometimes its good to have an ego centric, where only I can hear and you can't. But it really depends on the users needs at the time.		I am not an expert in this, but when I use VR or AR systems, what I love about those systems is that they track your position. There is 360 tracking of your head, hand, and environment. Those are really powerful, because with a computer, you are using 2D information to manipulate properly. If the system can track our movement, then it can provide a lot of information related to that. If I want to look at the ceiling I can just look up. That seems simple, but if you are playing a game, it becomes a very tricky business. 
I think audio feedback can use some of this technology. Tracking tech is now better then ever. This can be really helpful in giving information, especially in relating virtual content to physical things. You have to have something spatial in these cases, because otherwise you are just getting audio feedback. "Distinction between spatial audio, watching a video in front of you, you can prove that same version of audio when simply listening to audio, it mimicks the same thing, but assumes the sound source is in front of you. Then is it really added meaning to that spatialization aspect.		I would also add representative cues, lets say a system represents 5 different beeps that correlate to 5 different objects, that cretes a mental load requiring people to memorize certain beeps and commands, so audio that can already associate them is important. I dont knwo if latency will come in here, but it will definetaly have to be in concert with the natural environment, to not make people nauseous. So that it is in tandem with peopls real worlds. Yes, spatialization is important, because at least to me, it is hard to distinguish between different sounds, but if they have their own location, our ears will have an easier time seperating those. "A: In terms of wayfinding, we usually find in the real world that the sound source is with the object (like with Apples object finding thing), it maybe useful to move that sound closer to you so that you can hear it. If you are trying to replicate this with wearables, is it useful to gudie someone to point A, then B?

K: Yes I was going to say break it up into way points. If something is 300 m away, we could set up say 10 points to help someone to get to their destination. It wouldn't work if you just had to also deal with all the sounds nearby to you and a very distant sound."		You need to have a convincing spatial audio interaction so that your experience is immersive enough. That can mean a variety of things, it can co from the most convincing or tailored to your need (the best selected HRTF data set that fits your need the most with acoustic room conditions). T obe honest the level of accuracy and modeling for those components depends on the type and scenario. When designing an AAR display, I would not spend my time emasuring all a user's HRTF data, if the experience is something more loose/placid/informative. Same with the room acoustics. When bringing your virtual space to your real space, how accurate does it need to be as to not contradict between the two spaces. 		The spacialization is the highest importace of that, without you audio being spatial, it will never feel realistic. That doesn't mean it won't be good, but it won't be realistic. 
Also being able to make a way to not make everything around you not be drowned out by what you are in. Spazacialaztion is important. Gave AirPods example. Spacialization and with transparency (AirPods). Hard to separate the two without balance. Not sure how one would make sure not to drown out outside voice, as you only focus on whats in your ears, headphones.		The direction, being able to tell if its from the left or right, front or back. The intensity of the sound itself and the cues and timing of them are all very important factors that contirbute to the expeirence itself. It should not be something visisble or somethin that you should put on. It should be apart of the environment. Should it comes outside, or from within your head? It depends upon the task, like entertainment coulud be outside the mind, but audsiobook could be inside the head. The intensity can be one. As you get clsoe to something ytou can inraese intensity. Or could use intensity to carry some information, some level of importance. The interface between people and the audio shoud not be that visible. It should be more immersive, for examnple if you wear something like a headset, taht wouldn't be so immersive. Intensity is important, like with how close you get to something, that is important. Direction is also good.Space and direction are important, You could make it more sensetivie to the movements of the head, like with Airpods, etyc.Eliminate the feeling that the device will bring to the user. When I head you with my headset, for example. It would be great if I could put nothing on and recieve the information directly from the environment.		I agree with making the sound 3D. The main thing I can think of is not just thinking of distance in 2d, but in 3d, so that the sound can come from anywhere, not just a linear distance. It could be like a sphere, and it could come from anywhere. The user should get a feeling that it is not just coming from the room.
It should be as close to sounding like real life as possible, not just sounding like it comes from a device. To create an audio reality, you have to mimic normal everyday life. And having it inside your ears makes people associate it with headphones, which mimics everyday life. It depends on what you are doing. For music it does not matter where it is coming from, all around you or one direction. But if you want to be immersed in a game of triainig couse, you wouldneed that 360 sound. You also would need a distance effect to for the sounds. It would have to be that spacialized sound, so that you can make people feel that they are immersed. Adding that 3D experience can also help people visualize that sound better. "I also think it depends on the technology and the condition that you want to use it for. Like in the gaming industry, 3D audio would be great, so that you can listen to the person that is shooting to determine where it is coming from.
 

										I think it depends. If i want to listen to music, and my phones is in the back pocket, I don't want it to play from behind. Spatialized audio also uses HRTF to create this kind of audio. If you are havig some instruments play on left and some on right, that kind of become a standard stereo system. in this case, spatialied audio is not totally helpful. It is helpful when you remove the audio source and need to choose a place to play the audio from. 				In most of the cases it doesn't really matter, it just needs to be fine such that users don't immedietaly reject the image. But you don't necessarily need to spend all of your energy to that, it just needs to be acceptable enough. The only issue comes up with your virtual and physical world contradictig each other. And we don't have yet an answer on how to prevent that. I think the two spaces should be treated equally, but I don't have an answer on how to solve this problem.						For listening to music, you do not need 3D AR audio, I just need to be immersied" It depends on what you are going for. If you are going for say Pokemon Go but for an auditory experience, than then audio has to sound like its coming from whereever the creature is or where the sound should be coming from. If you are going for more of an overlay, like the visual things poping puo (notifications opoing up in glasses), it would be acceptable to be how it is now - in your head.

		What form factors (hardware, such as earphones) do you imagine being used in application of AAR? 		Everything. It shouldn't just be confined to the headphones earbuds. It really is a case of what is natural for the person to use. Like with glasses, how many people use the same glasses, it's not going to happen that way. Some like a portable speaker, some want augmentation to come from a speaker that surrounds them, some want headphones. There is no optimum method, there are suspension drivers. You don't want to wear the same headphones all day.
Inconpspicuous - Apple are going for using air pods pros as hearing aids. So that you can hear what someone else will say. It will just be like headphones in general. If you are using AR to speak a second language or cheat in class, you would want it to be as inconspicuous as possible. If you are playing a game/going for a walk, you may go for something branded. It won't matter. If you are woking for the police/fire brigade, then it has to be discrete, beacuse you will be having head gear, and you can't have others hear what you are doing/listening to.		Theres a lot of interest in wearable technology, you could imagine some kinds of headones, like in ear, bone conduction, etc. All that stuff exists so thats a possibility. But could we also store some audio information in a specific location, like with speakers, instead of it being localized from a person, for exaple. I think that there would have to be something on the person, possibly glasses with bone conduction properties, or even a watch with some audio capabilties. It depends on if it were for one person or for many people.
Right now when we thing of hearing aids vs, visual aids, visual aids can be larger and become more of an accessory, esp when comapred to the inconspicious hearing aid? Will the devices be as small as can be? -- 		In general AR displays will have that auditory device together as well. Example is Hololens with its audio system. But I don't really want something clogged in my ear. Something like ~bone conduction~ might be nice in this case. In general the AR device, wearable or whatever type of display, will be related to that kind of form factor. If I have to think of a more futuristic device, now we have hololens/magic leaf/snapchat glasses, but we want to develop lightweight displays. In the end, if we have some implanted display, we could do the same with audio impants in the human body.		It can be seen as something similar to Netflix in VR. The content you are watching is 2D anyways. So if you are sitting in front of a large screen/TV and watching a movie that is 2D and what you see around you is just the environment. People can sit next to each other and talking to each other than you can hear each other, but imagine you are in a VR world in an actual VR world that you can move around in. If you move around there will be all this virtual content that responds to how you act in the environment. You can have a flat audio signal, or it can create the whole spatial audio to give a more realistic experience."		We have a project where we are augmenting the museum experience, we have all the technology its just not pretty. What had to happen was that we had to give them a processing unit on a Raspberry Pi in a fanny pack and some sensors to know what direction was facing in their headphones. There gets to be a considerable amount of tech. Putting all of this into one device is not the prettiest thing, but what might work best is some headphones that go in your ear and around so that you can still hear the outside world. If bone phones got to the place where their could be accurate for localiztion and you can still percieve the outside world. Either the exertenalization or elevation is not good with bone phones, but tech improves so we'll probably get there. Then your ears won't be covered, so then you won't be out of the world. In wayfinding you may want to still have focus on the road, for example.		The two tendencies for playback that would let you overlay are bone conduction headphones and open "back"? headphones. So that you have the virtual environment in your ears along with the other one. I prefer open back headphones for playback, so that the real noise comes in a natural way to your ears, but then you are leaking your virtual world to others. If its a shared environment, then you are altering the real world, so you are creating a feedback loop. I have not, in my work, experienced binaural playback with bone conduction headphones, but from what I have read and other people, they say that the image is more distorted. "//If we had speakers places in different locations that was playing audio of a specific kind to give the impression of being there would that count as AAYR?
That's why I said when you have experience with binaural or point sources from different locations to your physical space, so your putting your speakers where you would expect the sound to be. 		Anything that you make as unnocitable/light as possible. If you are trying to create an environment around you, but still want it to feel real, you should not make something be very apparent, like big headphones. The less you feel it, the better, and more real.
Depends on use case, in house/open room, you need nothing on you, just a proper array/arrangement of speajers.
In AR, there is a difference with VR. You do start to forget what is around you, the headset is at first heavy, but you notice it less and less. I would say that because you are interacting with what is arround you, you need to ensure that everything is unnoticable. That is what let's you start to forget about it. You have to make it very small, or possibly make something like a chip in your brain. So only you could hear certain things.		Portability is very important. I;ve used hololens and many other AR systems which are very bulky and not portable. They should also have enogh good hardware communcation so that they are lag free. Not being annoying to the user using them is good, like with earphines and headphones, which should not be intrusive or uncomfortabe. The hardware which we have right now could improve a lot, they are quite bulky for example. They are also not as powerful as they can be, like with processing. And those that are are very expensive. Also battery life is important if you are going to integrade Audio AR into our real life. Need a long battery life. I wear glases so a lot of headset would hurt. I prefer something that can attach to my glasses or will be nonintrusive. It should not be too uncomfortable, which may redue or damage my experience. I agree with Manhua about the glasses. It would be great if you could listen to music wearing your glasses, such that it would not be too intrusive, and using a phone to conduct/connnect would be good. 		I agree with all the points, I do not have anything to add here. Little drones flying around playing sounds. I think it could be a shared experience then with this type of technology, but their experiences could still differ. Speakers could create an AR kind of sound, and would help you immerse yourself into the world around you. They could also work like pretending that you are in a specifc place, like in a jungle. I agree with Jonah, especially with organizing the speakers to implement AR audio. A headset with speakers in the ears for audio capabilities would be great too. Or you could just add it to existing tech. Headphones can have AR audio. If the headphines have a button to change whether you are listening to something with AR audio vs. normal, that would be a great feature to existing applications. It can look like anything depending upon what you are doing. If you have holograms like with the Harry Potter World, you can have certain concerts where you are taking something from the virtual world and are putting it onto to the real world. You could have also something like a speaker strapped to your back to play some kinds of music depending on what you are doing.

						This gets into market trends and what people accept into new technology. Its something similar with airpods for example, which is a small think, but is also a statement in a sense. Theres definetaly a trend for that. Some of that is seen with headphones, but part of that was driven by the use of cords. The form of the device may have some flexibility, so it depends on if it gets in the way of something else, like changing my shirt, for example. It would depend on the convenience. There is a tradeoff between comfort and fuction which is a key driver of that as well. And thet may drive that conversation as well.								I would consider that an AR experience, yes, by definiton. You are running into a different problem in this situation, which is if you are treating your sources as point sources, so the location of speakers is location of virtual source, then you have something very concentraed in your real space, so it may completely dominate the sound or be masked by some sound. In this case you would run into problems of having speaker position that cause sources to be more or less spread based upon where you have placed them. If they are standing then they have a fixed width. Putting this in the real world means that you have spread that is represented by stationary sound speakers. So you immediately get a visual and physical perspective that contradicts. This is an AR experience that can work in the right circumstances."		Multiple speakers, instead of one all around sound to break up everything.
If this becomes ambient noise [use of AR over time], find the timeframe of how long it takes for that to happen, so that you can have more consistency with ensuring that AR does not dissipate [in terms of its imersitivity].		If you will be doing over the ear headphones, they need to fit your head, because they can hurt your head. I prefer in ear headphones. If they are wireless, batteires and portability is imporytant, it needs to be used not just at home.Being ligt and being able to be used across various devices is important and it should be comfortable to be used over long periods of time. Like with homecinemas, that provide... (I missed this one I think)

		Based on this discussion, how would you define AAYR?		It's a way of providing additional information on some action through sound.		I dont think that my definition changes necessarily. AAYR could be indivcidually worn so that it is spatialized locally, but I also think that it could be a speaker playing music the next block over. There are differnt forms, and they all have unique value.						It has not changed much, I like that you brough out a lot of the use cases that I had not thought of before, like with hearing protection. With audio AR, its not necessarily about the device, like with visual AR you need a Hololens for it. Audio AR is any audio that you put over headphones that doesn't interfere much with the natural surroundings or that you can percieve some other information, direction, story, etc. Its basically giving you a different sense in conjunction with the real world.		It's an enhancement of the auditory display of a physicl space. A meaningful enhancement of that space. Bringing virtual information, sounds, adding more information enhancing your experience of the real auditory display.		Agree with Nina. That, but make it as realistic as possible. Make it to the point where you can't discnern between the speaker audio and the real audio. Make it as real as possible.
Could be really great for making simulations. Like with simulation testing. You can put it in to those kinds of simulations in making those more realistic. We could think of that as 5d audio, for next generation uses: military, entertainment. We could not totally comprehend it now, but that could be different in the future. When you are in a tank/helicopter, use for beter communciation and awareness. Like with movies and surround sound, makes it feel more real.		Based on what I have seen, it is not meant to be a stand alone exiernce, but should enhance the total visual experience of it as well. But its meant to add a lot of newer functionalities that makes practical jobs and even enteryianments more feasable and easy to access in a sense. I would agree with Manhua, as it can optimize a solution that already exists, especially for visually disabled persons. With the help of this, this device could use cues like vibrations to help people. AAYR is more like using the audio to either assist or enhance your expeirence of real life. A large difference of it from the traditional AR is that it not only enhances enteritainment, btu qalso in completing something. At the begginig I was only thinking about how it can give people information, but with what you have showed us there is a lot of room for interaction with people, which should be considered. When I think of AR now, i think of mostly an immersive environment that can be as immersive as possible. I think that we can do that with current tech and sensors. I agree with Mohannad, I believe that the application that we saw is with the visual AR as well. Currently audio AR has a very large room for improvement, especiallyin the performance and human use part. The application fo Audio AR is currently underrated and there are large potential for it.		Audio AR is something that will immerse your senses or augment your senses based on audio and help define what is infront of us or add to the audio that is currently there. It could augment/enhance our senses/sounds. Audio AR is something that can enhance your reality and not fully change it. It is audio that enhances you physical environment without fully seperating you from reality. I woud say that maybe adding audio elements from a compiter generated software that could add to the real world environment, but not take away from it. This is audio that augments the experience that you are now experiencing. It could be somehow enhancing what you are experiencing in different senses. It is audio created by a machine to enhance you reality, whether it be adidng something from a virtual world or becoming one of your other senses, like vision.

		As an emerging field, what future directions do you envision for AAR? For example, vision based AR systems  have matured for application in aircrafts and vehicles as Heads Up Displays (HUDs).		It exists already, your turn signal has AR. If anything the visuals haven't caught up yet.												Will open up new opporuntiy in entertainment/games. Once it is better developed, AR Games could become very popular.
It would feel like a more realistic VR. VR is great for complete submersion. AR could be just like VR, but with reality, you see yourself in it, rather than replacing VR.
People enjoy listening to their music, singling out music would make people happier and safer. Can get rid of wind, drown out with music, but overlay important noise. "A more developed version of Siri. With simulation and driving, personal secretary.
AR audio could maybe amplify certain noises and deamplify others."

																A better version of the windshield thing, but for navigation. Also with music, play honks, outside noise on top of the music so that you could better navigate, be aware of surroundings.
Really helpful for military training, make it more realistic to ensure that people have more pressure to perform. Easier to notice things.
Could be helpful for driving. Driving feels like VR, because you are sitting in a spot going fast. With the oustide noise, you have pressure to react faster, so that you aren't just focusing on music. Make a trasnparency for other noises, like Ambulances.

		We will now show you a taxonomy that was developed after a literature review. Please share your thoughts, comments, and suggestions on ways to improve it.		It;s helpful to have a one-two word thing on the first column, so that where it says AR, take that down to a couple words. That will make everything else fall into place. Extending reality can be used for some. In one of our projects we are looking at getting rid of the speakers in hospitals, so in that case we want all the sounds to appear to come from real world objects, but only be heard by staff. This would be better for patients, who then won't have to hear audio unnecessary for them. It's not just training scenarios, but day to day uses. Firefighters and health care/surgeions - also for phyisical therapy. We match up the audio with the left and right hand sides. For drivin - tell the driver about their driving (you're driving too dangerously, be more careful). applications with messages/texts
Use case- Why not use the term hearables. The general term for smart earphones. The literature is outdated, they have not been keeping up. Neck speakers - don't sound good, but can with DSP. Same with bone conduction. If you don't mind it being quiter, you can make any speker sound better. 
		I think that this is just a massive space, so when I am even thinking about the context, its hard to keep that as a piece of a taxonomy for something else, because there so much richness there. Some of this is more theoretical, and some is more specific like recreational activities.
Under form factors, I differ more than others you may have talked to. I still find a stereor to count as a form factor for AAYR, unless you are talking about AAYR for an individual, where you need control over the sound.
Use Cases -- I think that context is a way to get to use cases, and I say this because "training scenarious", well what if its just leanring in general, like what kind of learning moments would we be forming. Youve got some classic moments of when we as a field have thought of AR, like with getting feedback from training, or navigation and wayfinding. These are all very reasonable. I think that soundscape recreation is an important one, so that we can also give a feeling or an emotion, effectively a nonverbal essence. 
		It all makes sense.
I think many of these definitions adress physical reality register aspect. The first one is very close to the one by Azuma I think. The second one is quite interesting, its more modified signal I think. I think this is more general. I cannot complain about any of these definitions.
Use Cases - The second from the bottom is a bit confusing to me, its a very general situation. Im not even sure if I can consider it a use case - animating physical things with sounds. Its somewhat similar to some of the others then. Its pretty similar to what we have in the last row as well. Thats what I though and also I was thinking about education type applications which will benefit with the audio AR stimulation. There are papers which have focused on that. Theres also a difference between education and training for instance. One of the projects Im involved in is a literature review on spatial systems. Maybe the auditory information can extend that spatial coginition information to depend on my location and the surrounding buildings/objects. The interception or the manipulation of auditory info could help you understand how the sound works and then you can learn the phyiscal phenomenon somehow. Education then could be one of the use cases.
 
		I think those users and contexts make sense. I think the ones you have here make sense, but it is hard for me to understand it as a whole. Like how you are organizing this and how you are covering the whole aspects of AAR, like how you are augmenting. I think the taxonomy can probably have some hierarchies and some higher level ideas to maybe arrange these ideas. Like when you are augmenting the reality or using spatial audio. Maybe there can be some different levels, which is better than a list of items. It is hard for me to understand if it is fully capturing the whole idea.
There may be so much more that I could not think of, and thats the tricky part of having the list of things. But from what I have read those all sound quite compelling. "A: If someone is playing an electrical guitar, is it AAR?

S: You are using computer to generate the sound, so that you are localizing the sound source, so that the player feels like the amp is beside them or near them?

		For B3, do the sounds actually have to be associated with an object, or can it just be an area? I guess thats one thing that kind of jumps out, tying it to an actual object may not be necessary, like if I want you to walk to the left, I can just play audio to the left.
What would be a sharable device in F3? [We're assuming a headphones thing two people could share either in the same place or in different places] Is the sound relatvive to their position? [Its relative to their position but with them interacting in the same context] 
I'm looking at the head tracker under form factor, I definetaly understand the purpose of a head tracker, but just the feasability of it. Google Glass was ther etech wise, but people thought it looked dorky. What's the different between B6 and B7? [They are very close, a lot of the definitions have overlapping elements. In B6 we're thinking of recording the audio and enhancing it in some ways, like when walking in a park and enhancing the sounds of one birds sound coming from some direction to enhance the experience. And then in B7, this is talking about a form of sonifying the sounds that exist in reality but for preobtained data]


		I think it makes sense, it builds up on the information gradually and that is easy to follow. I only have one question, not sure I follow, "real time combination of real and virtual worlds", thats the build up I'm not following. Should it be the other way around? A: Within a virtual world if we try to place viortual sound source so as to further immerse yourself into the virtual sound. This definition may not be connectd in the best way, but the idea was to enhance the immersion in the virtual world using audio AR. The virtual environment will alreay have a virtual auditory component?

A: Correct. That is sort of the idea here, where you are enhancing a VR experience using the audio, which is being produced through speakers here. That is where youd draw the line, because youd define your VR experience as something that the audio should come over headphones? Is that what you mean? You have a VR experience with the graphics. What would it take to augment the audio of that to do audio VR?

A: Because we have an array of speakers that surrounds the user, you are able to spatialize the sound. SO when a car passes from left to right, so too does the sound, rather than just simply playing left and right channels on headphones.		Definition in E7, needs a little bit more elaboration, but that is the closest to how I feel it should be descfribed, because it specified how you are altering your perception of it. Many defs don't specify that you can still hear around you. You need to specify that you are not just replacing what is around you, but you are amplifying it or adding to it. Otherwise, it would just be audio or VR.
K8 does not make so much sense, because a lot of athletes are almost pupsoefully drowning out audio to focus on vision. By adding audio, you could break that. In the majority of sports you don't have anything blocking your hearing. This could only be needed for subtle things, like adding a microphone between people. There is nothing impeding the audio, they are just purposefully tuning it out. "E12 pretty accurate, E2 pretty interesting. Make a sound of a virtual sound.
It would be cheating for most spots, if you enhance audio. It would be viable if very small [hearing machine]. ""Bone conduction question. Having headphones on feels constarined, but if you had your ear open it would feel a lot more real.
The only sport that could use audio is shooting/hunting."""		The taxonomy outlines several factors which we have already discussed, and some are new, like with bleinging: combinig virtual and real sounds. You may have to make sure they dont interefere here. Surgical devies would also be very interesting but also ptentially contraversial withtheir intrusiveness. I like the idea of using it for workers working in dark environments. "I think that this taxonomy is very comprehensive so far, and I saw a lot of AAYR aspects and different aspects of definitions, environments, and a lot of stuff that can AAYR can apply to. I like how you outlined audio and AR differently. There is a lot in the audio taxonomy that interested me, like the keynote sounds, that is very comprehensive.
I'm thinknig about how some of the users may be limited in some ways, like you should link users to the form factors, which form factor most benefits a certain user, or group of users. Like with workers in dimly lit environments, some devices are more useful than others. You can maybe link the user with a form factor that can benefit them the most. Some users might like only benefit from one or two form factors."		I was looking at the karaoke, so would that be like auto tune? That is sort of building upon your original audio and adding a layer on top of that. It is great how it can track your orientation to specifically place the sound, as this could be great in a video game, like when you turn around in this kind of a virtual space. Trying to figure out how t best place sounds is iomportant. With the athelets as users, they could benefit from this a lot. During track practice we would be able to listen to music, as that could get you hyped up, but you can't do this at a competition, like with cross country. They could definetely benefit from it in these cases. Somethuing you can add to users and use cases is teaching, espeicially with online learning. One oif the definitions is doubled. You can add the challenges of using it and the benefits that the users could get from each use case. How could the AR change how the users interact. The organization is a bit tricky, is everythying linked across? It was a bit odd going across it as if everything in a row was connected. I would explain that somewhere, to help people understand.

				Series on cave paintings - In terms of sound. A lot of caves have ideophones, natural objects that make sound when you strike them. Their acoustics are pefect for making the sound of animals painted on the walls. Cavepaintings are early theater and early animation, especially with fires which can animate the paintings. Teach people to hunt or for entertainment. AAYR goes back really far. Soundscape from Microsoft - spatialized/directional sounds. Factory workers/EMS - yep.
There's a pair of commercial glasses for people that are blind which can read. You can train it to recognize people's faces. More simple way of doing that, with iPhones.
Videogames - surely, zombie running game, which is audio only. When you are running, you can simulate zombies chasing after you. That's intended for being outside, in the real world space.
Museum tourism - have you ever been around a museum with a curator? They tell you amazing stories about objects, who donates it, when it got lost, how it relates to other pieces. It is far more interesting. Persuade a museum to get a curator to talk about pieces they are pasionate about.		And theres probably research into what kind of music makes you feel different things. VR sound applications, mixing more and more real and virtual integration makes sense, and that is important. I did a study about augmented mirrors, we got feedback about these specific graphics, sometimes a car would drive by and its interesting how the wrong sound can destroy that sense of presence, or what youre feeling is real. You may want to include some about the value in removing sound. AAYR is often seen as additive, but it also dimishes. We should probably consider diminished reality. This is a subset of AR, from my internal definition, so sound cancelling headphones would work like that. In this sense you could cancel out the wavelengths, so that my ears don't regiester it (in comparision to sound masking). What sounds do you let through, because in some cases it is very important. Especially with things like military and construction purposes.		I think this table misses entertainment, like virtual/AR concerts for example. Also imagine a concert happening in some place on campus where some people don't really want to listen to that music, so they can use their own AR display which does not mess with anyone else's displays. That kind of a use case could be included if you are not limiting your scope to the literature review that you have found. "Is it more of a singular or shared experience?
These days the head mounted system is more individualized. One of my concerns is that kind of visualization. This is more of an ethical thing, like with Black Mirror, which showed dystopia involving where each person has their own experience that can cause some difficulty in communication. If your reality is completely different from my reality, it would make communication much worse. Technology is too fast for the regulations or the policies. Which cant follow as usual. I think the audio stimuli is the same. I think we're getting more and more focusd on that customized individualized experience, but I would like to somehow communicate with other people. How I can actually understand what you are thinking and what you are trying to do (theory of the mind). It should help for us to communicate in a better way.		A: Solely just a person with a guitar which is connected with an amp. S: I don't quite get it, is it just the computer working as an amplifier, and there is nothing spatial about it? I don't think it is AR, and that is because when the computer is simulating that, it has nothing to do with the room or the environment, which it has no understanding of. I would not say that is AR. It is just amplifying the sound."		In D8, where it says that audio with visual AR to asist in a primary task, why is that only for older adults and explorers? [So I'm guessing older adults because they'll have diseases like Alzhimers and they could use help to find things. For explorers, that could work for anyone giving them an experience to explore beyond the actual physical trail] I guess my point was that older adults are not the only people who could benefit from this. People on the spectrum may have trouble with executive function and may forget these things. So you would be limiting it from people with cogintive abilities that coud also be helped by this. I'm not sure if I understand the use case for row 9, digitally gen audio on top of on top of reality to add to but not remove from it (construction workers; military). [In this row, we decided to focus more on noise use in hearing loss. Those people need hearing protection and so need to mask certain noises, so you need to take away some noises from the environment, but youd need to add noise to mask that so at least perceptually youre trying to take something away.		But it you played interactive head track with binarural, would you consider that VR auditory display. A: I would. So the reason you are not considering the speakers one a VR auditory display is because a. the interaction is not computed somehow and b. because you have two spaces, the virtual graphics space and the physical audio space. A: Right. I haven't thought of that, but yes that would be an augmentation of the virtual space by definiton. I just don't see that by the way that it is written. I see what you are saying and I kind of agree. Its an extreme scenario, but yes. "A: In regards to the use case column, do you think we missed anything? You have tourist experience, navigation, and some that I would not think of, like object finding which would indeed be an AR situation. It covers all of the situations I am thinking of and more. A: Do you think we can make any further categorization in regards to the auditory display design? A: Right, I would say there is a single, two, or multiple layers of auditory information, but they're accessible based on your action. Do you think that could be another way to categorize these experiences?				I focus on the aspects on those users who would benefit from AAYR. I used to run at night on the road and would use headsets and noise cancelling headphiones, which are dangerous in that case. Maybe we can link users needs with the sounds that they need such that it will improve their ability to do certain things. I like this, because it kind of gives me an overaly of what are the different use cases/form factors present. I do like the sonification of real world environments. Adding things like these is very interesting. Blending was a new concept to me, as I though of audio AR as overlaying audio and information. I think you could take a use case and users and give a whole scenario so that we can relate to it better, instead of breaking it down into individual cases. This taxonomy is very comprehensive, I see a lot of points have already been discussed and covered in our combersation. It is good to have recovered some points from here. This kind of AR tech can be applied by medical tech, this can be really interesting, and have me some new ideas, and could chang ethe medical experience.

				Metaverse - I think people will get as bored of it as with PokemonGo. But it can be used in many ways, Google glass, Apple glass, etc. When it becomes commonly used, the virtual world will catch up. I could be in a call here, but one of us could have an avatar representation of themselves and it would sound like they are coming from where they should be coming from audio-wise. If I want to have it such that my audio is a 19th century castle, I could do that. Text-to-speech is getting so good. If anything it will improve audio quality dramatically. If it happens to be someone you speak to often, then the synthesized voice will be on my device, and that will be their real voice. If you think about it, do you think of you tv or computer as anything different from your home as a device. They are all computers, all are eletrical goods. If we look at sonic bubbles for privacy, then the server doesn't have to send the same files to everyone. Everyone wants to be out front. Older adults - we are exploring that with people with dementia. 		Do you think there should be two versions of the taxonomu, high level vs street view? This document as it is gives more information about how the goals and defintions of AR from different perspetves. A different kind of framework could help me think about the different perspectives could give a more general view. I always think of things in terms of the human, the task, and the environment. How does that change the needs of the system? I do think there is value in this split, because the street view gives you the detail and the richness, and the birds eye view gives you the connection.		Echo chamber question. Thats what Im always trying to keep in mind as a developer.scientist. When the public first sees these AR experience, there are mulitiple kinds of experiences. Some really like it and some are concenred about their impact on people. Thats what I always try to keep in mind and not forget. A lot of users use social media these days, like with YouTubes recommended and related videos, which is pretty much the same thing that I liked,and Im more exposed to that same contecn again and again, which limits my opportunity to explore other things. Thats what I want to try to avoid. I dont want that kind of technology. I dont want to forget about that, or have that kind oftech to limit myslef. This could also cause a great knowledge gap between those have the tech and those who cant access it. I don't believe there is good or bad tech, but the way to use the tech had good or bad effects."				 Artistis and musicians require some quiet environments, which isn't always easy to find a very quiet environment, which was our reasoning here]. That makes sense, I guess Im just thinking that musicians need quiet but also need to hear themselves, musicians also need to blend in with others, so often times theyll play with others in their section so that kind of isolation to hear people within your section would make sense. The earphones part, theres somethinbg that you can put into your eardrums to do this. When I was working at Wright Patterson Air Force lab, you should look up Doug Brungart. And he created this thing that you have to install into you actual ear canal, one end is blocking and one is delivering sound. And you can wave a magnet at it to work with it, ie change volume. Its more like someone else has to put it in your ear, it is definetaly not surgery. He uses it all the time. [And that allows him to do what again?] To isolate the world, and it can attenuate the outside the world. You run a magnet by your ear to control it. I don't know if it can go past your hearing to help you if youre hard of hearing.		Yes. I would say that another level of categorizartion that also reflects the complexity of the info that youre sharing is this, is what happens in terms of the layers of the auditroy display that youre trying to put on top of your experience. Because it also has another component that doesn't come starighforward but can be useful depending on what you want to do with that. If you think in terms of leayers, its also easy to add a timeline component to that, because the layers dont necessarily need to be concurrent. So it helps you also describe the build up of this augmentation. It can be something taht based on your decision or navigation, will evolve or the complexity will chaneg in a way that fits your actions or needs. Once you think in layers, you can also reflect that. You're not really dealing with the hardware component right? Because youre focusinga lot on the how and the design, but you are kind of recycling the hardware. Youre just repeating more or less the same type of equipment.

A: Right, we just have one focus there, which is, for that context, what type of hardware would be the best.

				Definitions - Even if you were standing next to your idential twin, you would still experience two different soundscapes [soundscape def.]. Keynotes - more so identifiers, not mostly backgrounds, not in the psychological way, they are providing context. If you think of a keynote speaker, you wouldn't consider them background sounds. They are in the background but they are not unimportant. Figure is what you are actively paying attention to, ground is everything else. Soundwalk - //Found the definition interesting//  (https://www.sfu.ca/sonic-studio-webdav/handbook/Soundwalk.html) Well established. Enchantment - I agree with that definition, but what you are doing is extend/enhance the listeners understanding. If you think of those keys, if you hear someone pick up those keys at 4 AM, then you have that meaningful sound. All sound has meaning to somebody, otherwise we wouldn't call it sound, we'd call it noise										The way its added here, there is not necessarily a prioritization, and they are written in the same manner. In some cases it makes sense, and there are some components one wouldn't think of, but not necessarily your go to tool for every one of those categories. Beyond what youre looking at, maybe what you are prioritizing;; A: Is there anything else you'd like to talk about here?;; I find the compoinent of removing information as a component of AR interesting. I see the point, it kind of contradtics, it isn't augmenting its removing. I wouldn't necessarily see a part of this, but I understand that this can fit within the broad concept of AR, rather than my definition of AR. 

				Blending - It's not just natural sounds, you can think of the preexisting sounds. Change natural to preexisting in the definition. (Electric guitar as a form of blending) - Depends on how you are using it; just a musical instrument or using it to wake up your brother. All instruments have some form of natural amplification. In that scenario the electic guitar is working as an amplifier. The reinforcement is a bit of a confusing term. In sound you have sound reinforcement, but you also have reinforcement in that youre adding additional information (like with a metaphor). Overlaying - How many of the alerts are left on on your phone? Hopefully relevant to the current activity. There is so much being added that is rubbish.









Comparison

		CUSTOMIZATION		USER CONTEXT		ASSISTANCE PROVIDED								IMMERSION/SENSE OF PRESENCE										RELATION TO REALITY

		Sounds audible to more than a person, but customized to be meaningful to the user		Assist in user's intentions, tasks, goals.		How does the auditory information help the user?								Provide appropriate information capable of enhancing perception within immediate environment										What is the relationship of the auditory information to the user's reality.

		one set of users hear frog sounds, but if it is a sonified version of stock data, the user will interpret the frog sound as the data. "Frog sound" - could be pleasant or annoying.		must help the user's primary goals		Extent of assistance received by the user from the auditory cues available								immersion is system provided, user feels sense of presence. capable of changing sense of presence or location; transport to a different sense of space										How 'reality' is currently defined (concensus on reality)								Compare with existing AR dimensions. Overlay, complementing, supplementing, additional info, not replacement, transparent, can hear real sounds - definition of AR														If Immersion and Customization are related, how does it work? Increased immersion through increased Customization? Then, since Customizations are targetted to unique users, the AAR experience becomes more of an individual experience. If Customizations are targetted to a larger group of users, the AAR experience can still be a shared experience. Hence, in the middle, a compromise exists, where the Customizations are done to provide a sufficient sense of Immersion to most users, but additional Customizations should be available to user to further increase Immersion at an individual level. Should these be combined into a single dimension, or should be they kept separate? Also, since Customization has been clubbed together with User Context to form Assistance provided, should it be clubbed together with Immersion to create another new dimension? The data does not provide a great sense of overlap between the two dimensions, but it also indicates that Immersion can vary from user to user depending on the Customizations available. Customizations, however, should be done to assist the user in their task, whether that be their need to feel more Immersed, or offload mental resources to a different modality. Hence, it is my opinion to maintain Immersion the way it is, and have Assistivity be the third dimension. Together, they can define AAR experiences.

		Customization and User Context could be merged together into Assistivity, since any customizations being made to existing audio or added audio is done so to assist the user in their task. Whatever the customization maybe, it can assist the singular user in one way, while assisting multiple users in another way. Audio AR can be individual and shared experiences, as long as the augmentation asissts the user(s)' context of use.																						If loudspeakers are altering everyone's reality, is it still augmentation? If audio has the same meaning for everyone, this sound is now just part of the current reality. In this case, Customization is low since audio is the same for everyone; Immersion is sufficient; User Context is low since audio may be goal independent.In this version of reality, additional sounds (augmented, transformed, diminished) may be AAR, but not the loudspeaker audio since that is now just part of reality.		But whether loudspeakers are AAR or not, is User Context driven. If every user's goal is to feel more immersed in an augmented environment, it could be an application of AAR. However, if the loudspeaker audio is not targetted for specific users, it may not be AAR.																Overlay		Unique layered display of auditory information that adds to what is already there. Has to be meaninfully enhanced. 		Is Customization and Immersion mutually exclusive? Customize levels of Immersion. Customize is not only related to Immersino, but other aspects of the audio too, so can be different dimensions.

		Unique layered display of auditory information that adds to what is already there. Has to be meaninfully enhanced. 		Context driven. If music actively helps in performing a primary task, YES. Electric guitar sound in person is not AAR - not augmenting anything.		Enhancement should be meaningful to the user's primary task.		Audio cues should enhance or add to real world sounds, easy to distinguish or recognize, and assist in user's primary task with the real world.		ASSISTANCE PROVIDED (Could be represented as a  continuous scale where the audio can be rated as being closer to the noise or the signal end of the spectrum)				Overlay		Add to real world sounds, interact with the real world to enhance perceptions		Sense of an alternate environment 		SENSE OF PRESENCE				Digital data to understand the physical world by adding to it.		Digital sounds added to environment while environmental sounds are still perceivable		Maintain connection to physical and social reality		RELATION TO REALITY 												Enhance experience/perception of real physical space		Representativeness of auditory cues to minimize mental workload, latency issues for immersion, reduce any nausea. Work in tandem with natural environment and people. Spatialization to easily distinguish sounds.

		Representativeness of auditory cues to minimize mental workload, latency issues for immersion, reduce any nausea. Work in tandem with natural environment and people. Spatialization to easily distinguish sounds.		Registration and interaction with physical world. Context dependent. User goal or task dependent. 		Audio cues should be easily recognized, be representative of something meaningful to the user. Allow for interaction with the real world.								Enhance experience/perception of real physical space										Transparency, overlay new digital or audio components integrated with reality																		Linkage between physical and virtual world that in interactive, adding/overlaying to existing reality		Spatialization for localization, transparency (compare elements of visual and auditory display - have similar and distinctive mapping between the elements) Example: temporal quality. fading sounds, blend with environemnt.		Procedures: two researchers analyzed together; conflicts resolved by discussing with a third resercher. Detail how the columns were made, color coded process. Reviewers will point out its not detailed enough, so have to include all procedural details. Cite methods of GT and analysis.

		Spatialization for localization, transparency (compare elements of visual and auditory display - have similar and distinctive mapping between the elements) Example: temporal quality. fading sounds, blend with environemnt.		No - 1; Maybe - 3; Yes - 3. It can be shared if people are receiving the same information, but it will depend on the individual's task. Could also depend on the form factor used to provide AAR, if it is strictly personal devices, it might not be a shared experience.		As salient as visual cues;  spatialization  conform to the physical space. Multiple users can experience the same cues equally in the same or separate physical spaces, but assistance provided can vary depending on user's goals. 								Linkage between physical and virtual world that in interactive, adding/overlaying to existing reality										If only digital sounds and no real sounds, that is auditory VR.If real sounds audible, yes it is AAR. 																		How music augments reality. If audio not related to reality - not related to user's immediate surroundings or user's task - not AAR. No leaning. Sonification that interpret the real world can be AR - helps understand environmnet.		When required, the auditory information can become part of the environmental sounds as a shared experience, but otherwise remain accessible to individuals that need it. Consider comfort and function trade offs.		Contributions: Three dimensions can serve as heuristics for evaluation studies. Can also serve as design guidelines (sub categories of each dimension).

		When required, the auditory information can become part of the environmental sounds as a shared experience, but otherwise remain accessible to individuals that need it. Consider comfort and function trade offs.		No - 2; Yes - 3; Maybe - 1. Yes, if individuals in geographically different places can listen to the same auditory information. No, because even the same auditory information may not provide the same effects on two individuals. Context driven, depending on the individuals' goals can be shared AAR.										How music augments reality. If audio not related to reality - not related to user's immediate surroundings or user's task - not AAR. No leaning. Sonification that interpret the real world can be AR - helps understand environmnet.		Audio must be dependent on reality and user's goals; enahnce real world sounds to be meaningful to the user								adaptation dependent may be perceiving virtual sounds as real sounds, then it is no longer AR. Hence, AR definition dependent. Have to define reality to understand what the augmentation is. Listening to music is AR? No		Maintain social aspect of reality, eliminate noise from reality but not necessarily delete it (transformation)																Story telling aspects qualify to be AAR - sound induced experiences. Context driven YES.  Immersion can vary.				Equivalence of each dimension: Likert ratings on each dimension. For Assistance - how helpful are the sounds? For Reality - how well can you distinguish? For Immersion - how immersed do you feel?

														Story telling aspects qualify to be AAR - sound induced experiences. Context driven YES.  Immersion can vary.		User should feel engaged with the auditory content added to their reality.								Localization, add to existing environmental sounds																		Any digital audio is AAR - but real sounds have to be audible.		Meaningful enhancement of the sounds of a physical spce by adding virtual information		Immersion and Relation to Reality - orthogonal or correlated? Immersion - give you sense of different space physically. Reality - how distinct is it from immediate reality? If we want to present as a 3d cube, the dimensions must be orthogonal. But some overlap exists with the three dimensions.

		Meaningful enhancement of the sounds of a physical spce by adding virtual information		Those with hearing loss won't benefit from AAR. Present information when necessary. Temporally scalable use cases. Haptic feedback can be consdiered AAR. Lower than 20 Hz can be felt, but not heard. Dependent on user task.		Enhancement could be to haptic modality; those with hearing loss can feel the augmentation to assist in primary task.								Any digital audio is AAR - but real sounds have to be audible.										Hearing disability, entertainment purposes, isolation for focusing on primary task (reduction of environmental noise), audio aided GPS navigation using HUD (complement the visuals)																		Spatialization to denote location of source. Navigation purposes. Stream segregation to distinguish sounds over natural environment. Unobtrusive.				Are these considerations already part of visual AR? Have to be different to be new. Some overlap is okay, but should also be different. How helpful are the new dimensions, do they not apply to visual AR? How are they unique from visual AR?

				Those with limited vision or other modalities. Aural AR concerts in a physical space. Entertainment use cases for users in everyday life. Everyone can benefit to an extent depending on context or use case.		Enhancement should be meaningful to the user's primary task.		Audio cues should be salient to easily distinguish from real world sounds. Cues maybe audible to multiple users, but if there is no shared goal or primary task, effectiveness of assistance to each user will vary.						Spatialization to denote location of source. Navigation purposes. Stream segregation to distinguish sounds over natural environment. Unobtrusive.		Separate channels to distinguish between multiple virtual sound sources. 		Engagement/Interaction with physical environment						Recreational acitivies such as going to a museum, aquarium, zoos/safaris, spatilaized audio in movie theaters, Zoom meetings, music production, VR applications; adding additional environmental sounds to improve SA. 		Audio must be distinct from immediate reality. User must not expect the audio to be part of their reality.		Audio must adapt to be perceived distinctly from user's immediate reality														Interaction between virtual and physical, hardware capabilities, virtual sound is the primary sound and real sounds are part of the soundscape, context driven.

				Interaction between virtual and physical, hardware capabilities, virtual sound is the primary sound and real sounds are part of the soundscape, context driven.		Audio cues should be easily recognized, be representative of something meaningful to the user. Allow for interaction with the real world.								Interaction between virtual and physical, hardware capabilities, virtual sound is the primary sound and real sounds are part of the soundscape, context driven.		Virtual sound sources must be perceived as part of physical environment, but be distinguishable too.								Loudpseaker sound is AAR - yes. Removing certains environment sounds is AAR - yes. Have a high level taxonomy as well as a detail level taxonomy (hierarchical)																		Provide sense of belonging/collectivism, audio overlap visual informationt to improve focus, immersion equal to visual AR, omit noise from environment, interaction + immersion within real world.

				Scenario or context dependent. User need dependent.		Enhancement should be meaningful to the user's primary task.								Provide sense of belonging/collectivism, audio overlap visual informationt to improve focus, immersion equal to visual AR, omit noise from environment, interaction + immersion within real world.		Augmentation of real world quantity to improve perception/knowldege/understanding of said quantity								Prioritize hardware based on use case. Removing sounds not AAR.		If loudspeaker sound is dedicated to user's goals, it may be AAR, but if no User Context, then not AAR.																Users whos visual channel is occupied. Context driven - constraints of visual perception. Better perception of quantity through sonification than visualization.

				Demographic and context dependent. Goal relevant.		Enhancement should be meaningful to the user's primary task.								Users whos visual channel is occupied. Context driven - constraints of visual perception. Better perception of quantity through sonification than visualization.										autotune - changing real sound source by modifying it so a new layer is added (transformation); teaching/education use case, challenges and benefits for each use case, interaction tehcniques, make connections between different aspects of AAR																		Representativeness of auditory cues to minimize mental workload, latency issues for immersion, reduce any nausea. Work in tandem with natural environment and people. Spatialization to easily distinguish sounds.

				Spatialization/3D virtual audio appearing to come from a real source. Immersion can vary with context.		As salient as visual cues;  spatialization  conform to the physical space. Multiple users can experience the same cues equally in the same or separate physical spaces, but assistance provided can vary depending on user's goals. 		Multi-layered displays should adapt to user's goals and requirements by displaying the minimum layers at a time and using the most appropriate modality (haptics for those with hearing loss).						Representativeness of auditory cues to minimize mental workload, latency issues for immersion, reduce any nausea. Work in tandem with natural environment and people. Spatialization to easily distinguish sounds.		Virtual sound sources must be perceived as part of physical environment, but be distinguishable too.								Physical reality registration. Animating physical objects with sounds - not AR? Separate Training and Education use cases. Location based audio spatialization - understand how sound would behave in a specific location. Add entertainment use cases - selective concert goers - those not interested can choose an individual different audio display. Individual AAR is good but should not hinder ability to communicate with others in the immediate physical world, if not in a better way. AAR should not create individualized echo chambers - social collaboration must exist. Equity issue between those with access and those without.																		Convincing spatial display and interaction. Increased immersion.  Depends on the needs of the experience. Acceptable enough HRTFs and room acoustics so user do not immediately reject the image. Virtual space and real space should not completely contradict each other - unsolved.

				Drones flying overhead and providing auditory information through loudspeakers, traditional speakers in the real world, headphones with AAR acitvation button. Context driven.		Loudspeaker sounds provided to multiple users at a time can augment users' reality, but depends on their goal. Sounds may become noise, instead of signal, if not aligned with user's goals.								Convincing spatial display and interaction. Increased immersion.  Depends on the needs of the experience. Acceptable enough HRTFs and room acoustics so user do not immediately reject the image. Virtual space and real space should not completely contradict each other - unsolved.		Virtual sound sources must be perceived as part of physical environment, but be distinguishable from sound sources in the physical environment.		Auditory cues are sufficiently complex to be perceived as part of the real world, but simple enough for users to detect different streams of auditory channels, while still being able to differentiate them from physical real world sounds. (simplify this) 						immersion + define reality better for user, not fully change it,  not take away from it 																		When required, the auditory information can become part of the environmental sounds as a shared experience, but otherwise remain accessible to individuals that need it. Consider comfort and function trade offs.

				used with visual AR, make primary task easier, assist/enhhance experiences, social interaction.		Enhancement should be meaningful to the user's primary task. Audio cues should be easily recognized, be representative of something meaningful to the user. Allow for interaction with the real world.								When required, the auditory information can become part of the environmental sounds as a shared experience, but otherwise remain accessible to individuals that need it. Consider comfort and function trade offs.		Virtual sound sources must be perceived as part of physical environment, but be distinguishable from sound sources in the physical environment.								Drones flying overhead and providing auditory information through loudspeakers, traditional speakers in the real world, headphones with AAR acitvation button. Context driven.		Concert sounds, available to everyone, may become part of reality for users, and the audio may no longer be perceived as distinct from environmental sounds. Not AAR. Temporal aspect of pereceiving auditory information - reality is adaptive for the user?

				Mulitple layers of audio. Categorize based on complexity and context with primary task. Consider temporal aspect of layers since all layers are not available at the same time. Interaction dependent, complexity and context of sounds.		Multiple layers of audiotry displays - available based on location, not time (interaction dependent). Each layer should provide unique signals to assist in user's goal.																		Meaningful enhancement of the sounds of a physical spce by adding virtual information		Reduction of environmental sounds to aid in user's primary task. 		Transform noise from immediate physical reality to signals for users 														Spatialization/3D virtual audio appearing to come from a real source. Immersion can vary with context.

														Spatialization/3D virtual audio appearing to come from a real source. Immersion can vary with context.		Virtual sound sources must be perceived as part of physical environment, but be distinguishable from sound sources in the physical environment.								Bone conduction and Open back headphones (allows to real noise in in a natural manner). Feedback loop in shared environment since real world is altered. Binaural loud speakers in real world is AAR; the speakers can dominate real sounds in a small space though. Virtual sources can be more or less spread out based on speaker locations. Virtual and physical perspectives/images must match for satisfactory AAR experiences.																		Smaller, simpler. Understand environment. Separated instruments for tracking, sensing, displaying.

														Smaller, simpler. Understand environment. Separated instruments for tracking, sensing, displaying.		Separate channels to distinguish between multiple virtual sound sources. 								Spatialization for localization, transparency (compare elements of visual and auditory display - have similar and distinctive mapping between the elements) Example: temporal quality. fading sounds, blend with environemnt.		Cite 'diminishing reality' as counter argument.																Headphones inside ear or around ear to remain aware of outside environment. Bone conduction earphones but with better localization features; current BC are not good with exernalization or elevation 

														Headphones inside ear or around ear to remain aware of outside environment. Bone conduction earphones but with better localization features; current BC are not good with exernalization or elevation 		Added sense of immersion in alternate environment, yet perceiving the real physical environment.								Provide sense of belonging/collectivism, audio overlap visual informationt to improve focus, immersion equal to visual AR, omit noise from environment, interaction + immersion within real world.		Transforming environment sounds can be AAR - changing reality, or replacing a component of reality. Make audio distinct or different from reality																AAR is not hardware focused, unlike visual AR. Provide diff sense in conjuction with the real world. Any audio that does not interefere much and perceive some other information.

														AAR is not hardware focused, unlike visual AR. Provide diff sense in conjuction with the real world. Any audio that does not interefere much and perceive some other information.		Added sense of immersion in alternate environment, yet perceiving the real physical environment.								Adding keynote sounds to enhance our real soundscapes (office sounds when working from home, meditation), museum tours, virtual live concerts, video game experiences, affect modification, military+police+fire fighter training, mask or omit noise from environment, voice assistants.		Transform concert sounds to something else, or adapt/augment it to sounds better to the user, while retaining connectionto physical and social reality.																used with visual AR, make primary task easier, assist/enhhance experiences, social interaction.

														used with visual AR, make primary task easier, assist/enhhance experiences, social interaction.		Add to real world sounds, interact with the real world to enhance perceptions								No - 2; Yes - 2; Maybe -2. Yes, if only a single person can perceive the music coming from headphones or similar device, a live concert is not AAR because everyone can perceive real sound, and also because it is adding a layer of auditory information on top of the existing environmental sounds. Context driven.		Transformation to an extent, not completely take away from reality (noise)																immersion + define reality better for user, not fully change it,  not take away from it, 

														immersion + define reality better for user, not fully change it,  not take away from it, 		Added sense of immersion in alternate environment, yet perceiving the real physical environment.





Image 2

		As salient as visual cues;  spatialization  conform to the physical space. Multiple users can experience the same cues equally in the same or separate physical spaces.		Audio cues should be salient to easily distinguish from real world sounds. 		Added sense of immersion in alternate environment, yet perceiving the real physical environment.		Sense of an alternate environment 		Reduction of environmental sounds to aid in user's primary task. 		Transform noise from immediate physical reality to signals for users 

						Virtual sound sources must be perceived as part of physical environment, but be distinguishable too.

		Audio cues should be easily recognized, be representative of something meaningful to the user. Allow for interaction with the real world.								Transforming environment sounds can be AAR - changing reality, or replacing a component of reality. Make audio distinct or different from reality



						Separate channels to distinguish between multiple virtual sound sources. 



										Transform concert sounds to something else, or adapt/augment it to sounds better to the user, while retaining connectionto physical and social reality.







Final Taxonomy

				SENSE OF PRESENCE



				Sense of an alternate environment 						Engagement/Interaction with physical environment						Distinguishability from physical environment



				Added sense of immersion in alternate environment, yet perceiving the  physical environment.		Audio must be dependent on reality; meaningful enahncements to augment the physical environment				User should feel engaged with the auditory content added to their reality.		Augmentation of real world quantity to improve perception/knowldege/understanding of said quantity				Virtual sound sources must be perceived as part of physical environment, but be distinguishable from sound sources in the physical environment.		Separate channels to distinguish between multiple virtual sound sources. 

				ASSISTANCE PROVIDED 

				Meaningful Recognition						Available Saliency						User Context Driven



				Provide meaningful assistance in the  user's primary task		Must be easily recognized, or be representative of something meaningful to the user.				Saliency compared to sound sources in  the physical environment		Adaptive saliency in multi-layered displays to provide unique assistance from each layer				Cues may be available to multiple users, but without shared goals, assistance provided depends on each user's needs		Cues can become noise instead of signal, if not assisting the user's needs

				RELATION TO REALITY 

				Maintain connection to physical and social reality						Audio must adapt to be perceived distinctly from user's immediate reality						Transform noise from immediate physical reality to signals for users 



				Digital sounds added to environment while still perceiving environmental sounds		Maintain social aspect of reality to stay connected with other users 				Over time, cues must remain distinct from the physical environment		Temporal effect of auditory displays may cause user to redefine their physical reality over time				Replacing noise in the physical environment to signals for the user's needs		Reducing or eliminating noise from the physical environment sounds  

				Evaluation Method

				Sense of Presence

				Q1. How would you rate the feeling of being in an alternate environment? (0-9)

				Q2. How would you rate your ability to continue iteracting with the physical environment? (0-9)

				Q3. How would you rate the distinguishability of the AAR sounds from sounds in the physical environment? (0-9)

				Sense of Presence Score = {sum(Q1, Q2, Q3)/27}*100

				Range = 0-100

				Assistance Provided

				Q4. How would you rate the level of ease for recognizing and interpreting the meaning of the AAR sound? (0-9)

				Q5. How would you rate the usefulness of the AAR sound in terms of assisting you in your task? (0-9)

				Q6. How would you rate the ease of detecting the different AAR sounds? (0-9)

				Assistnace Provided Score = {sum(Q4, Q5, Q6)/27}*100

				Range = 0-100

				Relation to Reality

				Q7. How would you rate your level of awareness of your physical environment or other users in your physical environment when hearing the AAR sounds? (0-9)

				Q8. How would you rate the use of AAR sounds over listening to sounds from the physical environment? (0-9)

				Q9. How would you rate the ease of remaining aware of hearing different AAR sounds? (0-9)

				Assistnace Provided Score = {sum(Q7, Q8, Q9)/27}*100

				Range = 0-100

				Total AAR Score = [{sum(Q1, Q2, Q4, Q5, Q7, Q8) + avg(Q3, Q6, Q9)}/63]*100

				Range = 0-100





Final Taxonomy_v2.0

				WORLD CONNECTION																								MR Taxonomy - Immersion (alt env), Extent of World Knowledge (phy env), Coherence (dist phy env)



				ALTERNATE ENVIRONMENT						PHYSICAL ENVIRONMENT						DISTINGUISHABILITY

										Noun		Verb - try to make them similar/consistent

				Immersion in alternate environment		Overlap  physical features 				Interaction in physical environment 		Intepret physical environment better				Appear connected to the phsyical environment		Distinguish between virtual and real sources

				PERCEIVED ASSISTANCE 																								MR Taxonomy - No direct comparison

				Meaningful Recognition						SALIENCY						GOAL RELEVANCE		Relevance?



				Meaningful assistance		Representative recognition				Equally salient		Unique assistance				Individual vs. shared goals		Effectiveness of assistance

				REALITY DEPENDENCE																								MR Taxonomy - Extent of World Knowledge, Coherence

				SOCIAL IMPEDANCE		shared experiences - need another word				ADAPTABILITY						NOISE TRANSFORMATION		(Diminished/Altered reality)



				Extent of social collaboration		Equitable experiences				Temporal adaptation		Temporal distinction				Replace noise with signals		Enhance existing signals

				Start writing and explaining the taxonomy - add examples to better define each level

				Evaluation Method



				Sense of Connection

				Q1. How would you rate the feeling of being in an alternate environment? (NA, 1-10)

				Q2. How would you rate your ability to continue iteracting with the physical environment? (NA, 1-10)

				Q3. How would you rate the distinguishability of the AAR sounds from sounds in the physical environment? (NA, 1-10)

				Sense of Presence Score = {sum(Q1, Q2, Q3)/30}*100

				Range = 0-100

				Assistance Provided

				Q4. How would you rate the level of ease for recognizing and interpreting the meaning of the AAR sound? (NA, 1-10)

				Q5. How would you rate the usefulness of the AAR sound in terms of assisting you in your task? (NA, 1-10)

				Q6. How would you rate the ease of detecting the different AAR sounds? (NA, 1-10)

				Assistnace Provided Score = {sum(Q4, Q5, Q6)/30}*100

				Range = 0-100

				Relation to Reality

				Q7. How would you rate your level of awareness of your physical environment or other users in your physical environment when hearing the AAR sounds? (NA, 1-10)

				Q8. How would you rate the use of AAR sounds over listening to sounds from the physical environment? (NA, 1-10)

				Q9. How would you rate the ease of remaining aware of hearing different AAR sounds? (NA, 1-10)

				Assistnace Provided Score = {sum(Q7, Q8, Q9)/30}*100

				Range = 0-100

				Total AAR Score = [{sum(Q1, Q2, Q4, Q5, Q7, Q8) + avg(Q3, Q6, Q9)/70}]*100

				Range = 0-100





Final Taxonomy_v2.1

				SENSE OF CONNECTION																								MR Taxonomy - Immersion (alt env), Extent of World Knowledge (phy env), Coherence (dist phy env)



				Sense of alternate environment 						Sense of physical environment						Distinguishability



				Immersion in alternate environment		Overlap  physical features 				Interaction in physical environment 		Intepret physical environment better				Appear connected to the phsyical environment		Distinguish between virtual and real sources

				ASSISTANCE RECEIVED																								MR Taxonomy - No direct comparison

				Meaningful Recognition						Available Saliency						User Relevance



				Meaningful assistance		Representative recognition				Equally salient		Unique assistance				Individual vs. shared goals		Effectiveness of assistance

				USER REALITY																								MR Taxonomy - Extent of World Knowledge, Coherence

				Sociability						Adaptive Distinction						Transformation



				Extent of social collaboration		Equitable experiences				Temporal adaptation		Temporal distinction				Replace noise with signals		Enhance existing signals



				Evaluation Method



						Sense of Connection

				Q1.		I could sense an alternate environment easily. (0-10)		9

				Q2.		I could interact with the physical environment easily. (0-10)		9

				Q3.		The virtual and real sound sources blended well. (0-10) 		5

				Q4.		It was easy to distinguish between virtual and real sounds. (0-10)		8

						Sense of Connection Score = {sum(Q1,Q2,Q3,Q4)/40}*100		0.7045454545

						Assistance Received

				Q5.		The virtual sounds were assistive to my goals. (0-10)		8

				Q6.		The virtual sounds were relevant or related to my goals. (0-10)		8

				Q7.		All virtual sounds were easy to detect. (0-10)		8

				Q8.		All virtual sounds were assistive to my goals. (0-10)		7

						Assistance Received Score = {sum(Q4,Q5,Q6,Q7)/40}*100		0.7045454545

						User Reality Adapted

				Q9.		I felt connected to my social group? (0-10)		4

				Q10.		I could not hear any unwanted noise from the physical environment? (0-10) 		0				Table 1. AAR Heuristics

				Q11.		I continuously remained aware of the virtual sounds? (0-10)		8						Table 1. AAR Heuristics

				Q12.		The virtual sounds changed to accommodate my reality. (0-10).		4						Q1.		Does the audio provide a sense of presence in an alternate environment?		☐

						User Reality Adapted Score = {sum(Q9,Q10,Q11,Q12)/40}*100		0.3636363636						Q2.		Does the audio allow the user to maintain awareness and interaction with their physical environment?		☐

						Total AAR Score = [{sum(Q1,Q2,Q5,Q6,Q9,Q10) + (sum(Q3,Q4,Q7,Q8,Q11,Q12)/6)}/70]*100		0.6380952381						Q3.		Does the audio allow the user to easily distinguish between augmenting and real audio?		☐

														Q4.		Is the audio meaningful to the user and their goals?		☐

														Q5.		Is the audio helpful to the user and their goals?		☐

														Q6.		Is the audio sufficiently salient for the user and their goals?		☐

														Q7.		Is social interaction possible with the augmenting audio?		☐

														Q8.		At any point, is the augmentation based on transformation or enhancement of noise or signals, respectively, from the user’s immediate physical environment?		☐

														Q9.		Does the audio continuously adapt to the user’s immediate physical environment?		☐
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Audio

Soundscape - the acoustic
environment as perceived or
experienced and/or understood by a
person or people, in context

Definitions

Use cases

Form Factors

Users

Keynote sounds - Mostly background
sounds such as wind, water, birds,
insects

Action of superimposing virtual
sound sources upon real world

Indoor/outdoor
exploration - museum,
art gallery (tourist

Earphones; hand held
device to cycle through
sounds; motion tracking

Visually impared or
those with other

Sound signals - Foreground sounds
such as whistles, bells, horns; sounds
unigue to a soundscape area

objects in real time guidance system) through IR blaster. disabilities
Auditory feedback played through Soundscape recreation Speakers for sound Individuals with
speakers to provide corrective of an alternate physical output. Static motion multitasking

cues.

space

tracked with Kinect

responsibilities/tasks

Soundwalk - Subjective measure of
immersion

Mobile audio augmented system
that tracks head
position/orientation to place
sound sources around the user to
provide virtual audio overlayed
over the physical space

Remote music festival
or soundwalk artworks

Headphones, head
tracker, GPS,
smartphone

People resbonsible for
life/death critical
situations

Enchantment - Adding meaningful
sound to an object that would not
otherwise make meaningful sound.

Immersion in a sounscape to
measure extent of exploration, or
walking speed and head
movements (stopping instances,
scanning)

Feedback/Warning
signals

Bone/air conduction
headphones

Senior citizens

Blending - Combining digital sounds
with the natural sounds of the
environment to produce sound
reinforcements

An interception and manipulation
of auditory information to alter
users' perceptions

Public transportation
(information about
route/day)

Medical/surgical devices

Workers in dimly lit
environments (ushers,
photographers,
firefighters)

Overlaying - Using audio to provide a
user with additional information that
is relevant to their current activity.

Use of audio to supplent the real
primary environment by
altering/enhancing the perception
of an item/situation

Wayfinding/GPS
navigation (not just for
cars, but also flight
systems or bicyclists and
pedestrians)

Environments with the
soudscape manipulated
or overlayed

Musicians/Artists

Sonification of real-world
environment (e.g. driving,
walking) rather then sonification
of pre-obtained data.

Adding non-speech
sounds to inanimate
objects like a book,
map, sports equipment

Bracelet, hat, glasses,
necklace or other haptic
gadgets

Athletes who need to
focus on their vison
but would benefit from
an audio layer

Augmented Reality

Digitally generated audio on top
of reality

Formal and informal
learning environments
(could be in a school or
even at an art
gallery/museum)

Shareable device to
pass back and forth to
share the AR sound

Musuem tourists

Combine real world richness with
richness of compuational information
without isolating poeple from each
other

Part of a multisensory augmented
reality system

Military uses - especially
with respect to training

Combines virtual and real content

Spatial audio that does not
require a massive and expensive
system

Operation room with
medical uses and
surgical devices

Virtual content interacts with the
physical in real time

Display more detailed information
of the environment using audio in
a shared auditory environment

Indoor gamified motor
rehabilatation exercises
with auditory cues to
provide correct
movement.

Real-time combination of real and
virtual worlds

Interception and manipulation of
auditory information to alter
user's perceptions

Vehicle repair companies
and garages (helping
individuals in finding
certain unvisible objects)

In ear translation of
viewed text or speech

Karaoke - modifying
natural sound by
combining with virtual
sounds to reinforce the
natural sounds.

Emergency responders,
search and rescue










Audio Definitions Use cases Form Factors Users

Soundscape - the acoustic 

environment as perceived or 

experienced and/or understood by a 

person or people, in context

Action of superimposing virtual 

sound sources upon real world 

objects in real time

Indoor/outdoor 

exploration - museum, 

art gallery (tourist 

guidance system)

Earphones; hand held 

device to cycle through 

sounds; motion tracking 

through IR blaster.

Visually impared or 

those with other 

disabilities

Keynote sounds - Mostly background 

sounds such as wind, water, birds, 

insects

Auditory feedback played through 

speakers to provide corrective 

cues.

Soundscape recreation 

of an alternate physical 

space

Speakers for sound 

output. Static motion 

tracked with Kinect

Individuals with 

multitasking 

responsibilities/tasks

Sound signals - Foreground sounds 

such as whistles, bells, horns; sounds 

unique to a soundscape area

Mobile audio augmented system 

that tracks head 

position/orientation to place 

sound sources around the user to 

provide virtual audio overlayed 

over the physical space

Remote music festival 

or soundwalk artworks

Headphones, head 

tracker, GPS, 

smartphone

People resbonsible for 

life/death critical 

situations 

Soundwalk - Subjective measure of 

immersion

Immersion in a sounscape to 

measure extent of exploration, or 

walking speed and head 

movements (stopping instances, 

scanning)

Feedback/Warning 

signals

Bone/air conduction 

headphones Senior citizens

Enchantment - Adding meaningful 

sound to an object that would not 

otherwise make meaningful sound.

An interception and manipulation 

of auditory information to alter 

users' perceptions

Public transportation 

(information about 

route/day) Medical/surgical devices

Workers in dimly lit 

environments (ushers, 

photographers, 

firefighters)

Blending - Combining digital sounds 

with the natural sounds of the 

environment to produce sound 

reinforcements

Use of audio to supplent the real 

primary environment by 

altering/enhancing the perception 

of an item/situation

Wayfinding/GPS 

navigation (not just for 

cars, but also flight 

systems or bicyclists and 

pedestrians)

Environments with the 

soudscape manipulated 

or overlayed Musicians/Artists

Overlaying - Using audio to provide a 

user with additional information that 

is relevant to their current activity.

Sonification of real-world 

environment (e.g. driving, 

walking) rather then sonification 

of pre-obtained data.

Adding non-speech 

sounds to inanimate 

objects like a book, 

map, sports equipment

Bracelet, hat, glasses, 

necklace or other haptic 

gadgets 

Athletes who need to 

focus on their vison 

but would benefit from 

an audio layer

Digitally generated audio on top 

of reality

Formal and informal 

learning environments 

(could be in a school or 

even at an art 

gallery/museum)

Shareable device to 

pass back and forth to 

share the AR sound Musuem tourists

Augmented Reality

Part of a multisensory augmented 

reality system

Military uses - especially 

with respect to training

Emergency responders, 

search and rescue

Combine real world richness with 

richness of compuational information 

without isolating poeple from each 

other

Spatial audio that does not 

require a massive and expensive 

system

Operation room with 

medical uses and 

surgical devices

Combines virtual and real content

Display more detailed information 

of the environment using audio in 

a shared auditory environment

Indoor gamified motor 

rehabilatation exercises 

with auditory cues to 

provide correct 

movement.

Virtual content interacts with the 

physical in real time

Interception and manipulation of 

auditory information to alter 

user's perceptions

Vehicle repair companies 

and garages (helping 

individuals in finding 

certain unvisible objects)

Real-time combination of real and 

virtual worlds

In ear translation of 

viewed text or speech

Karaoke - modifying 

natural sound by 

combining with virtual 

sounds to reinforce the 

natural sounds.
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