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Objectives
In Human Factors, human behavior and cognition have dominated research, but emotions and affect have been peripheral and sporadic until recently (Jeon, 2017). Since the introduction of terms such as affective computing (Picard, 1997) and emotional design (Norman, 2004), more research has been conducted on emotions and affect. However, research has focused on developing emotion detection technologies, with little attention given to the necessary preceding steps–e.g., identifying the specific emotions involved in particular use cases and understanding how these emotions need to be addressed. The present paper proposes a preliminary Task Emotion Analysis (TEA), derived from the traditional Human Factors method, Task Analysis. 
In emotion research in the context of technology use, various approaches have been employed. Affective computing (Picard, 1997) aims to create a computer that intelligently communicates with humans by recognizing and expressing emotions. With the recent development of machine learning and AI, emotion recognition techniques have proliferated. Kansei Engineering is a domain and method for tackling these recent developments. In Kansei Engineering, researchers attempt to identify a perceived image (Kansei) of a product and obtain that image using different psychophysiological experiments. However, it is a process to create the core image of the product rather than define its functions and structure. Although terms like Emotional Design (Norman, 2004) or Hedonomics (Helander, 2002) have served as a catchphrase in user experience design, no specific method has been proposed to accomplish them. In sum, there have been various approaches, but few attempts have been made to create new methods for considering emotions and affect in Human Factors. 
Task analysis is one of the widely used methods in Human Factors to identify the components of a task, as well as users’ perceptual, cognitive, and behavioral demands related to the task. The earliest efforts were focused on applying scientific approaches to break down tasks into basic and systematic components (Annett & Stanton, 2000). Cognitive Task Analysis (CTA) focuses on the cognitive components of users’ behavior while performing a task (Chipman et al., 2000). It identifies the mental processes and skills required for proficient task performance, and recognizes changes that occur during skill development (Redding, 1992). Researchers have applied these existing methods to other domains or have creatively modified them for new applications–e.g., the Sound Card Sorting task was derived from the traditional Card Sorting task (Jeon, 2014). Likewise, we adapted Task Analysis to articulate emotional demands related to the task. By analyzing plausible emotional states triggered by each event in the interaction with artifacts, designers can deeply understand the situation, predict interactions, and alter user experiences. 
TEA involves basic task analysis, but additionally provides (1) types of emotions induced by event triggers or engaged with tasks, (2) whether/how critical those emotions are, and (3) how they can be mitigated in the process of interactions with technologies. We provide descriptions of TEA components and structure, demonstrate sample analyses in three use cases to show its effectiveness, and discuss its implications.  

Approach
From different techniques such as functional (1986), ecological (1979), or procedural approaches, the event trigger model (Dix et al., 2004) was selected for Task Emotion Analysis. It was because emotion is defined as physiological responses of the brain and body to threats and opportunities (Damasio, 1994), or “triggering stimuli”. Our focus of emotion analysis was centered around event triggers. We considered various task analysis representations, including List, Hierarchical, Functional Flow, Decision/Action Diagram, and Operational Sequence Diagram, but List was adopted due to its ease of modification for analysis components.
The iterative design process commenced with preliminary analysis using existing list type task analysis. To enhance generalizability, we selected three interactive scenarios: assistive robotics, automated vehicles, and multi-agents. Researchers independently analyzed emotions for each task using the list format, then compared and contrasted the components of each analysis refining the level of analysis and the definition of essential components through repeated iterations.
Regarding the definition of analysis components, the iterative elaboration process yielded five core components–event, trigger, action duration, emotion mappings, and design implications. Event is defined as a task that consists of triggers, which can be initiated by a user or system. Recognizing the transitory nature of emotions, action duration becomes crucial for tracing their dynamic changes. Emotion mappings can be accomplished using either a dimensional or discrete approach. The dimensional approach diagram visualizes the trajectory of the user’s emotional states, whereas the discrete approach allows designers to clearly label states, facilitating ideation of intervention or mitigation strategies. 

Findings 
We chose three distinct emotion-triggering situations for different users. TEA was iteratively conducted through scenario-guided interviews by four H/F and HCI experts. The first example involved assistive robots designed to encourage children with Autism Spectrum Disorder to learn socially acceptable responses to sensory stimulation (Javed et al., 2019), thereby enhancing their social skills. In Table 1, a bright beam was generated towards the robot and the child when the lidded box opened. In this scenario, the visceral-level emotion should be considered carefully so as to not startle the participant, by controlling for the intensity and direction of the light.   
The second example involved an automated vehicle, prompting a driver to regain control of the vehicle (Wang et al., 2022). When the driver receives a takeover request from an in-vehicle agent, they must re-engage driving. In Table 2, the takeover message can provoke feelings of alertness, surprise, or fear. In this case, a designer should consider a non-invasive feedback to avoid eliciting negative emotions in drivers, while maintaining urgency.
	The third example involved multi-agents that were unable to discern the contexts of user activities across multiple devices. The user’s ultimate goal was to book the cheapest flight. While riding in a taxi, she wanted to continue her booking with Siri on her iPhone, but it was not connected to Google Home, and was neither able to trace her activities at home nor retrieve her information, leading to frustration in the behavioral-level emotion. 

[bookmark: _heading=h.gjdgxs]Takeaways
To identify plausible emotions associated with specific tasks and understand their implications in the interactive artifact design process, we devised a novel analysis and design tool, Task Emotion Analysis, by adapting Cognitive Task Analysis. While elaborating the constructs and format, we gained valuable insights. Similar to cognitive task analysis, the level of analysis can vary. Consequently, the level of analysis has not been standardized across the three examples provided. Skill and discernment are essential for researchers to select the most fitting level that aligns with their objectives. Norman’s (2004) emotion model was used to guide strategic approaches for alternative designs. Example 1 focused more on the visceral level, whereas Examples 2 and 3 emphasized more on the behavioral level. Given that task analysis is a decomposition technique for specific tasks, reflective level strategies may not manifest as expected. Concerning emotion mappings, instances arose where emotions were concurrently mapped onto opposite valence dimensions (e.g., excited vs. nervous). Further investigation into the types of design strategies that can emerge in such cases would be intriguing. Familiarity with diverse emotion theories and models can assist researchers in formulating design implications grounded in psychological mechanisms. However, delving into underlying mechanisms in the analysis may extend beyond the scope and render it less accessible, leading to their exclusion. While the proposed method appears promising and practically implementable, refinement and validation through empirical studies are warranted.


Table 1. TEA for child-robot interaction scenario
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Table 2. TEA for the takeover request scenario in level 3 automated driving situation
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Table 3. TEA for using two different voice agents
[image: https://lh7-us.googleusercontent.com/VTuvlvR7fCe-DacQITx6amp4U74Dti6zeqDyL10TVrvO0ocUhXNKNu_rkTiAf92ljlyixsLkLIsyxKWSUi3UPi1OrZ2i3IBCVD_3aTwdYDTG6yRYq9v4GS2lGZhUmwOOPkdHNTXsKaTs]


image1.png
Event 1: Robot approached the lidded box

Trigger Action Emotion Design Implication
(Feedback) Duration | Dimensional Discrete i
Flashlight directs 2| 2 sec < Awonished |« Consider issorporating
beam of light . adjustable ntensity sett
| Alamed to modulate the brightns
o Excited of the light based on the
child’s sensitivity
o Temsed
Robotasks T Curions < Consider customizing
question: “what do . « Dizzy iateraction interface types of
Yoo think s nside” o Delighted sobots (e.g. visual
tonchscreen  audio) based
on 2 childs individual
preferences and sensory
sensitivities
Robotsieps away | 53¢ © Awoushed |« Progrm the robot o step
from the box and . o Alamed avay from the bos and.
shields is face with . _|e ami il its face with ts hands
its hands o Excited in 2 slow and deliberate
o Temsed manner o prevent sudden
movements that may startle
the child
Kidmimios e | 105es « Confised |oIncorporate visual aad
£obot’s bebavior ’ o Overvhelmed |  auditory feedback to
o Fexr ceinforce the child’s
o Happy imitation of the robot’s
o Excited behavior such as preseating
o Fu souads when an appropriate
reaction was made





image2.png
Event 1: Drive in Automation mode
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Event 4: Drive in self-driving mode
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Event 1: Check which days are sunny next week in Seattle by asking Google Home in the living room
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