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Auditory User Interface Design: Practical
Evaluation Methods and Design Process Case
Studies

Myounghoon Jeon, Michigan Technological University, USA

Abstract: There are many guidelines and standardizations for graphical user interfaces (GUI), whereas there is relatively
little research on auditory user interfaces (AUI). The goal of this paper is to present a framework, evaluation methods,
and procedures of AUI design. The paper delineates how AUls can be designed more scientifically, by iterative
participatory design processes, going beyond individual designers’ artistic inspiration, which suggests AUI designers
being a practitioner-scientist. First, taxonomy of AUI design is provided. Then, methods of cognitive and affective
mappings for AUI design are described, followed by details of processes and design solutions for case studies. This paper
aims to help practitioners and researchers apply diverse methods to their design, and to facilitate communications about
AUI in the design community.

Keywords: Auditory User Interfaces, Cognitive and Affective Mappings, Design Process, Evaluation, Participatory
Design

Introduction

or decades, an increasing awareness of the limitations of visual interfaces has spurred

research on sound as a viable mode of information display (Kramer 1994). If implemented

well, the use of sound can lead to more accessible interfaces (Nees and Walker 2009) for
users with temporary or permanent vision loss (e.g., Edwards 1989; McGookin, Brewster, and
Jiang 2008) and users with normal vision (e.g., Palladino and Walker 2008; Jeon and Walker
2009). When it comes to evaluation methods and processes of sound design, using an analogy of
graphic user interfaces (GUIs) might be a good starting point (Yalla and Walker 2007). In that
translation process, however, care is needed for optimal implementation of auditory user
interfaces (AUIs). For example, a simple conversion of text into speech may not be sufficient
(Edwards 1989). An optimum approach is required for AUIs to reflect auditory-specific
characteristics (Glinert and York 2008). Even though auditory research has consistently grown,
there are still few resources available for the reference of the auditory-specific research methods
or design guidelines (see recent exception, Hermann, Hunt, and Neuhoff 2011).

This paper introduces AUI research methods and overall procedure of AUI projects.
However, this paper does not cover thorough experimental concepts or exhaustive evaluation
methodologies. Instead, the paper selects immediately applicable methods with necessary
information — when to use, how to conduct, how to report results, pros & cons, and practical tips
in the application settings. Not only AUI designers, but also other designers and researchers are
expected to benefit from the methodologies described here and apply them to their own design
research. The paper begins with an evaluation method "bootcamp" to provide the basic tools.
Then, the paper outlines two industry projects for more concrete and entire processes of AUI
design.

Components of Auditory User Interface (AUI) Design
Auditory user interfaces can be defined as “the use of sound for part or all of the display of

system variables and other information, usually including information about the details of the
objects involved or the underlying process.” (Walker and Kramer 2006, 1022). For more detailed
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definitions of auditory displays and AUlIs, see (Walker and Kramer 2006; Hermann 2008).
Literature (e.g., Kramer 1994; Peres et al. 2008; Brewster 2008) has addressed advantages (eyes-
free, rapid detection, alerting, orienting, backgrounding, etc.) and drawbacks (low resolution,
lack of absolutes, annoyance, interference with speech, no persistence, etc.) of AUIs. Thus, this
section briefly recapitulates the components of AUI: “Auditory,” “User,” and “Interface.”

Auditory: AUI designers create and manipulate auditory entities, including non-speech
sounds: earcons (Blattner, Sumikawa, and Greenberg 1989) (e.g., short musical motives such as
“Ding-Dong”), auditory icons (Gaver 1986) (e.g., representative part of the event/object sounds
such as camera shutter), music (e.g., background music of the idle state), and warning signals
(e.g., user or system errors); and speech sounds: voice guidance or speech recognition interaction
flow.

User: In general, user, task, and environment analyses are necessary elements in system
design. In this line, AUI designers consider users’ musical expertise, familiarity with auditory
displays, and sight and hearing abilities (Peres et al. 2008). AUI designers are also required to
understand target users’ preference about sound quality and its parameters. Because music and
sound have a strong impact on emotions (Kenealy 1988; Mayer, Allen, and Beauregard 1995;
Panksepp and Bernatzky 2002; Stratton and Zalanowski 1991), they also need to understand
emotional mechanisms of sound (Juslin and Vistfjall 2008; Juslin et al. 2010) and carefully
choose emotional color of sound, which might influence a product (or brand) image.

Interface: Because AUI design belongs to user interface design, it involves not only the
design of ring tones or feedback beeps, but also a systematic plan and application of sounds to
the user interface. Therefore, AUI designers are required to fully understand the specifications
and functions of that particular interface and usage scenarios. To this end, task analysis or
function analysis is usually conducted. When sounds are applied to the actual product, their
quality can easily change due to hardware materials. Hence, hardware specifications are also AUI
designers’ concern.

In sum, AUI design involves a plan, analysis, creation, evaluation, and management of the
product sounds. The outcomes of AUI design should be adequate for users’ needs and
preference, product functionality, and its brand image. Then, how can we effectively and
efficiently assess those aspects? The next section discusses AUI evaluation metrics and provides
participatory design methods — preference mapping, function mapping, and emotion mapping —
that practitioners and researchers can easily apply and expand for their design purposes.

AUI Evaluation Methods

Faste and Faste (2012) define design research as the investigation of knowledge through
purposeful design. In the same vein, if we agree that sound design is a purposeful mapping
between sounds and meanings or making organized sounds (e.g., panel discussion at I[CAD 2012)
from the semiotics perspective, all the processes of mapping and organizing sounds could belong
to design research. When design research is conducted in the AUI domain, end users can also
participate in that mapping process in various ways. Instead of providing generic experimental
processes and considerations for AUIs in academia (e.g., Bonebright and Flowers 2011), here, I
focus more on practical evaluation methods and processes.

Metrics and Questionnaire for AUI Evaluation

Researchers and practitioners can choose evaluation measures relying on user characteristics,
task type, and task environment. It is important to apply multiple metrics to draw more
comprehensive implications. Even though researchers point out that aesthetics and annoyance
issues are more important in AUIs than in GUIs (Brewster 2008; Kramer 1994; Nees and Walker
2009), research has focused on performance (e.g., accuracy, learnability, or reaction time).
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Nowadays, the importance of the subjective acceptance and preference of user interfaces has
been rapidly increasing in user experience design circles. For example, Norman (2004) has
stressed the importance of visceral design and proposed that an attractive and natural design can
improve usability as well as affective satisfaction (Norman 2004, 2007). An early study
suggested that the nature of sound aesthetics is independent of performance outcomes (Edworthy
1998). That is, users might turn off an annoying sound even though the presence of that sound
enhances system performance. Likewise, system sounds can improve the aesthetic experience of
an interface without changing performance (Nees and Walker 2009). Therefore, it is evident that
developing subjective evaluation metrics as well as objective metrics for AUIs is crucial to the
success of the entire system. From this standpoint, a variety of dependent measures for AUIs
have been surveyed from literature and design experiences in industry and academia.

Subjective evaluation measures can be categorized as several subcomponents (e.g.,
preference, workload, perceived performance, etc.). For subjective evaluation, the Likert-type
user rating scale is frequently used (e.g., in the seven-point Likert-type scale, 1 is “not at all”, 4 is
“neutral”, and 7 is “very much” or 1 is “frustrating” and 7 is “satisfying” (Andersen and Zhai
2010)). For example, mobile phone studies (Marila 2002; Helle et al. 2001) have included
preference metrics: first impression, annoyance, aesthetical/musical judgment, opinion of the
lengths of sounds, suitability to corresponding functions, effect of usage, and usefulness. Adding
AUIs not only increases preference but also decreases users’ subjective workload. In subsequent
experiments, sonically enhanced buttons and scrollbars reduced subjective workload as compared
to their silent counterparts in a desktop (Brewster 1997) and a handheld computer (Brewster
2002). Recent work with spearcons (compressed speech, Walker et al. 2013) and spindex cues
(phonemes of the first letter of the spoken item, Jeon, Walker, and Srivastava 2012) began to
study the subjective improvements of AUIs more systematically, including preference and
workload as well as performance measures. Specifically, in a dual task context such as
navigating a menu while driving, all sound conditions reduced subjective workload compared
with the no sound condition (Jeon et al. 2009). Additionally, perceived performance of the use of
sounds can be measured. For example, Jeon and Walker (2011) used “effective”, “functionally
helpful”, and “useful” as perceived performance scales in their spindex research. Researchers can
combine as many variables as possible depending on their research purpose and expected
outcomes (see Table 1).

Table 1: Metrics Used in the Evaluation of Auditory User Interfaces

Type of Dependent
Metrics Measures Methods
Objective . Reaction Time
Metrics Efficiency
Accuracy Number of Errors
Learning Rate Reaction Time/Accuracy Change according to Block
Subjective Perceived How effective/helpful/useful is this sound?
Metrics Performance opinions of the length of the sound
How
Preference 11kely/ fun/appropriate/wonderful/satisfying/stimulating is
this sound?
Would you like to have these sounds in your own device?
Annoyance HOW annoying/distracting/irritating/terrible/frustrating/dull
is this sound?
Acsthetics How aesthetic is this sound?
What is your first impression from this sound?
Workload e.g.,) NASA-TLX (mental demand, physical demand,

temporal demand, performance, effort, and frustration)
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Preference Mapping: Choosing the Best Design and Running a Chi-Square

Sometimes target populations are not able to complete a questionnaire (e.g., children, people with
disabilities, etc.) or the results may not reflect users’ preference well (e.g., low response rate on a
survey). One of the simple but powerful ways to make a design decision is to directly ask target
users about which design works best for them.

Researchers can devise several (4-5) AUI alternatives and have participants choose their
favorite one. Of course, the most frequently selected sound would be the best choice. To report a
statistical result for this difference of the frequency of the choices, researchers can run a Chi-
square analysis with this assumption: “If there is no salient preference among design alternatives,
all choice frequencies are to be equal across designs.”

Table 2: Data Set Example

Design Alternatives Observed Frequency
Design A 8
Design B 6
Design C 1
Design D 1
Design E 0

When we assume the result of the choice as in Table 2, here is an example of the report: “For
the best choice among the five alternatives, there were clear preferences. Eight people found the
design A was the best and six people preferred the design B most. Only one participant each
chose the design C and the design D as their best. No one preferred the design E. This distinction
was statistically confirmed by analyzing the frequency of the choice: Actual frequencies were
significantly different from the case in which all frequencies are equal, X2(3, 16) = 9.50, p <
.05.”

Note that the Chi-square result shows that there is a statistically significant trend in choices.
However, it does not necessarily tell us about details of the differences. In the example above, we
can report that participants prefer A and B over C, D, and E. However, it does not provide us
with the difference between A and B.

Function Mapping: Conducting a Sound Card Sorting Task

Figure 1: Image of the Sound Cards (Left) Used in the Card Sorting Task (Right)

With a subtle difference from users’ preference, we need to assess if the sound represents
intended functionality. The card sorting task is a traditional Human Factors technique, employed
to assess how people categorize concepts (Nielsen 1993). Index cards are used to represent
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different information and participants are asked to organize the pile of cards on a table. Applying
this basic method to AUIs, a “sound card sorting task” can be used as a function mapping tool.
When researchers have a function set and a corresponding sound set, they can use this method.

Participants are given five to eight sound cards, each containing an experimental sound
stimulus. Corresponding five to eight index cards are laid out on the table with a description of
the function. Before they start a sorting task, an experimenter explains the meaning of each
function to participants and then, they listen to all the sound recordings. Participants pair each
sound stimulus with the function which the sound best relates to. They are allowed to have as
much time as they want to complete the sorting task. Upon completion, responses are recorded
by the experimenter. Then, participants are asked to explain the strategy or rationale they used to
pair each sound stimulus and function.

From this task, researchers can get an overall percentage of correct answers for each
function. In Table 3, the leftmost column has names of the functions. Each number is stimulus
number and bold numbers represent the corresponding (correct) sound for the designated
function. Researchers can also obtain a “confusion matrix” (see Table 4). Columns are selected
sounds and rows are intended functions. Based on this matrix, researchers can analyze where the
participants feel confused (bold numbers) and improve their design in terms of distinguishability.
Finally, researchers can analyze participants’ rationale (users’ mental model) of their sorting
strategy and compare those opinions with a designer’s intention (designer’s conceptual model).

Here is an example of the report: “Although some participants had more reasoning behind
their sound-function pairings than others, most of their explanations were similar to the outcome
we expected. For instance, when the magnitude change represents going up, the sound should be
higher pitch or should sound like it increases in pitch. When the magnitude change represents
going down, the pitch should be lower or sound like it decreases in pitch. This is an example of
positive and negative polarity, which also accords with participants’ explanations for functions
on and off. Consequently, there was some confusion between magnitude change pairs and
function pairs.”

Table 3: Plausible Responses from the Sound Card Sorting Task (Bold Is a Correct Mapping)

Functions Sound Number %o
Function On 18 1% 11 18 18 18 18 21 9 1 o 18 23 o 18 9 11 47
Function Off 14 14 3 3 14 14 14 14 14 21 18 14 L1 1 14 14 10 59
Magnitede Up o 11 21 1 11 11 11 11 11 18 11 10 I8 1§ 11 18 18 47
Magnitude

12 10 22 22 10 10 10 18 10 14 10 11 14 14 10 21 14 41
Down
Warning 23 13 23 13 1 23 1 23 23 23 13 13 9 9 I3 1 23 7
Informing & 9 9 12 23 23 9 9 18 9 1 9 1 23 9 23 9 47

Thanks to the embodiment (sound cards) of the sound, participants can remember sounds
more easily and conduct a sorting task more accurately. Researchers and designers can
understand participants’ strategies behind their sorting behaviors and test discernability of the
similar sounds. However, with this method if one mapping is wrong, another one should be
wrong. It may result in a lower accuracy rate overall. Therefore, researchers can choose whether
or not to obligate to pair all sounds with only one function depending on purpose.
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Table 4: Plausible Confusion Matrix from the Sound Card Sorting Task (Confusing Points Are in
Bold)

Sound Selected

Function Function Magnitude = Magnitude Warning  Informing

On Ooff Up Down
g Function On 80% 0% 20% 0% 0% 0%
2 Function Off 0% 80% 0% 20% 0% 0%
oé?' Magnitude Up 15% 0% 80% 0% 0% 5%
‘E’_ Magnitude Down 0% 30% 0% 70% 0% 0%
Warning 3% 7% 0% 0% 75% 15%
Informing 10% 5% 15% 5% 20% 45%

Emotion Mapping: Constructing a Perceptual Structure of Emotional Dimensions

Just as AUIs should represent product functionality, AUIs are required to reflect product (or
brand) image. To this end, AUI designers create a sound-specific perceptual structure of
emotional dimensions in contrast to general taxonomy for emotions (e.g., Ekman 1992; Plutchik
1994). One of the core methodologies used in such research stems from “Kansei Engineering”
(Nagamachi 2002), which can be defined as a method for translating feelings and impressions
into design parameters. To this end, researchers tend to use affective words as a medium between
design elements and emotions about a specific design domain. This emotional mapping can be
used when designers want to identify the relationship between sound alternatives and the
emotional dimensions (e.g., brand image map).

For this emotion mapping, researchers can use “dissimilarity ratings” or “proximity matrix”
between each sound pair (Bonebright and Flowers 2011). The current paper focuses on the use of
affective keyword ratings and multi-dimensional scaling (MDS) technique. In either way, it is
recommended to integrate different processes and statistical methods (e.g., factor analysis, multi-
dimensional scaling, discriminant analysis, etc.) in a consecutive way.

First, adjective keywords to describe the research domain (product characteristics, brand
images, design trends, etc.) need to be gathered based on literature review, expert interview, etc.

Then, researchers reduce affective keywords based on user ratings, expert review, etc.
Meanwhile, designers select critical variables of sound, such as tempo, timbre, mode/key, genre,
etc. within the limitation of hardware and software specifications, and create sound stimuli by
manipulating those variables. User ratings can be collected on the appropriateness of all the
sounds for each adjective and the MDS is run (see Figure 2). With an emotional map obtained,
researchers can conduct the sound positioning task (i.e., having participants listen to sounds and
place each sound on the coordinates of the emotional map) and gain an average coordinates for
each sound.

Depending on the statistical recommendation (e.g., scree plot), researchers can apply a 1, 2,
or 3 dimensional map in the presentation of MDS results (see Figure 3). Based on the coordinates
of each sound, the relationship between sounds and emotional dimensions can be identified. Note
that the MDS does not provide any ‘name’ or ‘label’ for each axis. Researchers need to specify
the name depending on the results. For example, researchers have identified 3 dimensions for a
simple tone and named them: unpleasant-pleasant, static-active, and simple-complex (Lee, Jeon,
and Han 2003), 2 dimensions for contemporary music: unpleasant-pleasant and soft-strong (Jeon
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et al. 2004), and 2 dimensions for design elements including color, sound, finishing and
materials: warm-cool and human centered-techno centered (Jeon et al. 2008).

Here is an example of the report: “As a result of the MDS, a three-dimensional model
regarding the relationship between the sounds and the emotional keywords was constructed,
which can account for approximately 95% of all the variance with a Stress index .084. We have
identified that three dimensions are able to explain a perceptual structure of the sound-emotion
relationship. The first dimension is represented as the horizontal axis in Figure 3(a). In the first
dimension, there is a tendency that divides the emotional space between pleasant adjectives such
as ‘cool’, ‘cheerful’, and ‘lively’ and unpleasant adjectives such as ‘gloomy’, ‘sad’, and ‘dark’
according to the degree of pleasure. Therefore, we named the first dimension ‘pleasant —
unpleasant’. The second dimension is represented as the vertical axis in Figure 3(a).
Subsequently, the second dimension was called the ‘complex - simple’ dimension because of a
division of emotions between complex adjectives such as ‘uneasy’, ‘confused’, and ‘sharp’ and
simple adjectives such as ‘comfortable’, ‘calm’, and ‘common’ according to the degree of
complexity. Finally, the third dimension is shown as the axis of the ordinate in Figure 3(a). In the
third dimension, there is a tendency that divides the emotional space between active adjectives,
such as ‘dynamic’, ‘magnificent’, and ‘harsh’ and static adjectives, such as ‘monotonous’,
‘boring’, and ‘fine’ according to the degree of activity. Therefore, we labeled the third dimension
‘active — static’. Further, each relationship on the 2 dimensions is shown respectively in Figure
3(b), (c), and (d).”

Researchers can iteratively update the dimensions with different populations, stimuli,
adjective sets, etc. and finally can generalize the emotion dimension to design emotionally
optimized AUIs. Around 20 adjectives seem to be adequate for the 2dimensional MDS
presentation. If researchers begin with hundreds of adjective keywords, they can reduce the
number of adjectives using user ratings and a factor analysis, etc. For more detailed procedure,
see (Lee, Jeon, and Han 2003; Jeon et al. 2004; Jeon et al. 2008).
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Figure 2: Plausible Likert Scale Rating Result
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Figure 3: Results Showing (a) Three sound-affect Dimensions, (b) Pleasure & Complexity Dimensions, (c) Pleasure &
Activity Dimensions, and (d) Complexity & Activity Dimensions, Respectively
Source: Lee et al., 2003

Design Processes: Industry Case Studies

The previous section introduces instantly applicable methods to AUI evaluation, whereas the
present section provides the details of AUI projects composed of multi-phases and methods,
aiming at more comprehensive understanding of AUI design processes.

Case Study A: AUI Design Guidelines for Home Appliances

The goal of this project was to develop AUI design guidelines and actual design samples
according to product groups of home appliances so that AUIs could be intuitively mapped to
designated functions and brand images. Arbitrarily designed (or implemented by engineers)
previous auditory signals did not match with users’ mental model and their expectancy.
Additionally, previous AUI designs were inconsistent within and between product groups, and
thus, resulted in user annoyance. Based on this background, this project attempted to provide
users with enriched multimodal user experiences and overcome the GUI-centered interface
design with systematically designed AUIs. The initial specification of this project was limited to
a buzzer. The overall procedure below consists of common elements appeared among several
similar projects.

Overall Procedure

—_

Gather general AUI guidelines from literature.

2. Analyze AUI needs based on use scenarios.

3. Conduct focus group interviews and a survey on the experience of AUIs with home
appliances.

4.  Conduct a function analysis according to product groups.

5. Analyze parameters of sounds and create experimental sound pools.

6.  Conduct cognitive and affective mappings of AUIs.
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7. Create a draft guideline based on the results of empirical studies.

Develop professional sound samples mapped onto the guideline.

9.  Evaluate final AUI sets on the system architecture (with a prototype or actual
product)

10. Develop a final guideline.

I

Details and Implications

In the first step, we investigated literature and gained general information and guidelines on the
use of sounds (limited to non-speech sounds, but beyond the specific application for home
appliances), so that we could use them as a baseline to enhance performance and satisfaction of
AUIs. In the next step, we created plausible usage scenarios of home appliances. From those
scenarios (e.g., “a student wants to raise the temperature quickly with an air conditioner on a hot
day”, “a house wife is vacuuming while waiting for completion of washing machine.”), we
identified particular situations that require auditory interactions and users’ mental model at that
moment.

Additionally, we listened to end users’ (3-4 sessions with 4-5 participants in each group,
which made up 15-20 participants in total) opinions about the current status of the AUIs in their
home appliances using Focus Groups (FGs) and a simple survey. Participants provided us with
what is preferred and what is needed to improve when using those products with AUIs in their
everyday lives. As a result of FGs, we found that users considered washing machines and
microwaves as the most critical products in terms of the use of sounds.

Meanwhile, we also analyzed functions of home appliances, including refrigerators, air
conditioners, washing machines, dish washers, and microwaves. A function analysis (Wickens,
Gordon, and Liu 1998) provided us with a very useful taxonomy for application of AUISs.
Because the application of different sounds for every function might cause auditory pollution, we
categorized the functions as meta-function groups for the application of minimal sounds (Table
5).

Then, we selected several sound profiles within the specification of the buzzers for the
products. As a result, number of notes, frequency and frequency range, melody pattern (including
polarity), duration of the entire sound, and tempo of the sound were considered. Timbre, which is
a critical factor in mapping data to sounds (Walker and Kramer 2004), was excluded because the
study was limited to the buzzer specification, which can generate only the single timbre. Based
on expert consultation and literature analysis, around 50 experimental sounds were finally
created for the experiment.

Sound parameters of these samples were mapped onto the functional hierarchy within the
product. It is similar to the application of earcons for hierarchical menus (e.g., Brewster, Wright,
and Edwards 1992; Brewster, Raty, and Kortekangas 1996; Brewster 1998; Leplatre and
Brewster 2000) except that sounds were mapped onto the functional hierarchy, instead of the
menu hierarchy.

To match sounds with functions, participants rated the appropriateness of every single sound
with each function. The results indicated that the auditory signals devised as the specific
functions were rated high for the intended functions. This demonstrated that the rules which
sound designers applied for the sound samples were corresponding to users’ mental model and
expectancy for AUIs of home appliances.

In addition to this direct function mapping, we tried to match sounds with functions using
affective words as a medium between them. The results were also promising. For example, the
function, ‘Power on’ was linked with the words, ‘alive’ and ‘vivid’, and increasing sounds.
‘Error’ was correlated with ‘embarrassed’ and ‘nervous’, and repetitive sound patterns.
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Table 5: Functional Grouping of Home Appliances for AUI

Meta-Functions

Descriptions

Examples

Power on/off
Horizontal shift
Vertical shift
Function on/off
Inform

Warn

Special functions

Turn on/off the products

Change the mode between the
same levels

Change the magnitude up and
down

Start/pause the general functions

Inform the end of the function
/ask a user’s action

Warn the system’s or user’s
errors

Play/(pause) the special
functions

Most of the electronic
products

Select the type of food in
the microwave

Decrease temperature in
the air conditioner

Start the washing machine
after the option settings
Finish the washing cycle/
microwave

Door is open in the
refrigerator
Brand-specific wind in the
air conditioner

Saund
Hierarchy

'

wrical Shift Functional

Hierarehy

Funchon On Posess Omi

Figure 4: A conceptual figure of sound hierarchy mapped to functional hierarchy. Multiple sound attributes were
differentiated due to functional hierarchy including the number of notes, duration, and the range of frequency

To compare newer AUI designs with the existing ones in the usage context, participants
evaluated two sets (new and old) of AUI designs on the information architecture of the software-
based prototype (e.g., PowerPoint, Flash, or Java). In some cases, we prepared multiple sets (e.g.,
competitors’ products) of AUI designs and evaluated them with the actual products. The new
AUI designs obtained significantly higher scores on the appropriateness, preference, and overall
satisfaction scales.

Finally, professional sound designers created several sound sets fitting for the detailed
guidelines, the brand identity of the company, and each product group image. This project
provided a meta-guideline for the AUI design of home appliances. The process consisted of
several aspects of interaction design with the target users’ iterative evaluations. Nonetheless, it
can still be improved. Because the products were just buzzer applications, we excluded crucial
sound parameters, such as timbre, loudness, and harmony of the sounds, which we can
implement with other devices (e.g., mobile devices).

There are some general considerations when designing AUIs for home appliances. For
example, to decide a frequency range AUI designers need to take into consideration masking,
buzzers’ prominent frequency, older adults’ less sensitivity to high frequency, etc. Further, a
buzzer-generated frequency is sometimes not the same as a musical frequency (e.g., 1045Hz vs.
1046.5Hz for C6). Thus, AUI designers should always tune in the real product. Looping
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(repetition) of the sounds is also need to be considered. Generally, we use sounds shorter than 2
seconds in electronic products even though the duration of the sound depends on the type of
function.

Case Study B: Emotional Palette of Design Elements

Whereas the previous AUI project focuses on the functional mapping of sounds, this project
concentrates more on the emotional mapping of sounds. The Emotional Palette Project uses a
systematic approach to the integration of emotional user experience elements in the product
design. The goal of the project was 1) to make a common design identity (or language) to foster
communications among designers and with outside partners, and 2) to make guidelines for
optimized combinations of emotional design elements. Each designer has their own feelings and
standards about design elements. To illustrate, a designer may choose a ‘red’ color to express
‘energetic’, whereas another designer may choose ‘black’ to represent ‘energetic’. Even if they
all would use ‘red’, each ‘red’ might be differently imagined and expressed (Think about
‘qualia’, one of the important issues of Cognitive Science, see Harman 1998). This variance is
good for creativity of the work, but sometimes hinders the desirable congruency to represent
corporate identity. There have been several studies about design elements and emotional factors
(Brown and Kaye 2007; Lee et al. 2004; Payling, Mills, and Howle 2007; Bresin 2005), but none
of them is comparable with this study in terms of the scale or the methodology.

Overall Process

Extract affective keywords through various document analysis and trend analysis.

2. Create user experience element stimuli sets (each set of color, material & finishing,
and sound).

3. Measure ‘appropriateness’ of stimuli sets for various product groups’ image and user
preference.

4.  Construct respective emotional dimensions of each product group that contains
mappings between keywords and design elements according to user segmentation.

5. Develop a prototype system based on the results of the research above.

Details and Implications

First, 120 affective design keywords were extracted through trend analysis by an expert group
(e.g., Nelly Rodi in France). Additionally, we collected 342 trend adjectives by means of
literature analysis, and designers’ free association reports. Then, user experience designers—two
color experts, two material & finishing experts, and two sound experts—extracted 50 keywords
by rating the validity of collected affective adjectives. The standards for the validity were the
degree of reflection of the design trend and the appropriateness for each design element. We
finally selected 31 design trend keywords (Figure 5), by eliminating overlapped descriptions or
technical words.

Each expert group designed stimuli for the 31 affective words. Color was shown as color
bars. Material & finishing was displayed as representative pictures. Sound was played as wave
files. A few stimuli sets were chosen and elaborated by these experts before the experiment. For
the mapping experiment between design elements and keywords, a total of 320 participants were
recruited according to each of product group’s market segmentation. Participants were provided
with sets of design elements, and asked to answer several questions about preference and fit for
participants’ self-image and for each product group’s image. Regarding sound, they could listen
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to one stimulus repeatedly as much as they want. As a result of the experiment, we obtained a
mapping between each design stimulus, affective keyword, and user segmentation, using a multi-
dimensional scaling and a correspondence analysis.

Based on the results above, a prototype system was developed to guide designers to properly
select and combine emotional elements with their design concepts (see Figure 5). Above all,
designers can see 31 adjectives on the 2-dimensional coordinate system. When a designer
chooses a trend keyword, the proper color bar and the material & finishing pictures are
recommended on the right side of the system. Two or three sounds that were rated highly for that
trend keyword can be heard via sound tabs. Moreover, designers can check the preference of
design elements according to the user segmentation on the bottom right. Finally, diverse
combinations of all of these elements can be presented at once. Note that these design elements
were intended to serve as ‘examples’ to construct a common language among hundreds of
designers for corporate design identity, not necessarily to be used for real products.
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Figure 5: A screen shot of the emotional palette prototype system for mobile devices. Design elements mapped onto
keywords and segmented user groups

Conclusions

This paper presented practical evaluation methods and design processes of the AUI design,
which is in line with traditional “design through research”. Recently, interests in “research
through design” have also increased (e.g., Gaver 2012; Zimmerman, Forlizzi, and Evenson
2007). In either case, it commonly requires a designer to be both a practitioner and a scientist.
Moreover, it calls for “participatory design”, which means that designers should involve users as
design participants to reflect their mental model on the design, and thus, users can use the
product more intuitively.

Since Pythagoras and Plato, there have been attempts to determine an appropriate
relationship between the physical phenomena of sound and psychological responses to them.
Along the same line, a semiotic approach to today’s sound design (Pirhonen et al. 2007) looks
valid because it is the science of mapping between auditory signals and their meanings (e.g.,
function, hierarchy, brand image, or emotions, etc.). Given that individual responses to sound
heavily depend on one’s emotional states or other contextual situations, to conduct more
scientific research, we have adopted language (e.g., functional or affective words) as a medium
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between sound and mind. Obviously, most people have expertise in their own language and use it
as an effective communication tool in everyday lives.

The methods and processes delineated in the current paper are not exhaustive or mutually
exclusive. Certainly, they are not all of what is currently used and the guidelines presented here
might not work for some of other contexts. An auditory display community (e.g., ICAD,
International Community on Auditory Display) has yet developed the standard sounds, methods,
tools, or evaluation techniques of AUI design. Researchers are well aware that AUI design is a
truly interdisciplinary domain and has moved from “art and science” into “art with science”. This
paper is expected to contribute to laying a brick for that foundation. Implementing AUIs is
deeply related to product design or hardware design (e.g., requiring additional board, speakers,
and amps). Therefore, understanding AUI design will also be helpful for other design areas. I
hope that various designers and researchers can adopt and expand methods and approaches
described here and apply the overall process to their own design works.
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