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One of the grand challenges of artificial intelligence and affective computing is for technology to become emotionally-aware and
thus, more human-like. Modeling human emotions is particularly complicated when we consider the lived experiences of people
who are on the autism spectrum. To understand the emotional experiences of autistic adults and their attitudes towards common
representations of emotions, we deployed a context study as the first phase of a Grounded Design research project. Based on
community observations and interviews, this work contributes empirical evidence of how the emotional experiences of autistic
adults are entangled with social interactions as well as the processing of sensory inputs. We learned that (1) the emotional
experiences of autistic adults are embodied and co-constructed within the context of physical environments, social relationships,
and technology use, and (2) conventional approaches to visually representing emotion in affective education and computing systems
fail to accurately represent the experiences and perceptions of autistic adults. We contribute a social-emotional-sensory design map
to guide designers in creating more diverse and nuanced affective computing interfaces that are enriched by accounting for
neurodivergent users.
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1 Introduction

Insights into diverse lived experiences have the potential to surface new design approaches—in the case
of this work, for affective computing.

“I'm just really sensitive and the world is very intense, and | just take it all in, and | can’t block it out,” said
our research participant, Sarah, during her interview. Alana, another participant, described a situation in
which she “ended up yelling and screaming and exploding, and that causes headaches and panic
attacks...I'm just really irritated and frustrated because they just don't get it.” A third participant, Jack,
described that when his feelings escalate to a burst of anger, it is similar to how he “can numb my whole
body to take the impact of a punch, but instead it's letting all the energy from all the punches out all at once
with my fists. So basically, completely taking the energy from all the punches | have taken over the years
and just let it all out at once.”
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These participants are on the autism spectrum’, a neurological condition that impacts one’s expression

of emotions and desired way to establish social bonds [2]. They described to us the ways that they
experience emotions within their bodies and within the context of social relationships. In this paper, we
present the ways in which autistic young adults navigate their emotional and social lives. We argue that the
emotional and social lives of autistic individuals are rich and nuanced and provide insights that should
inform the design of affective computing systems. In 1995, Picard coined the term ‘affective computing’ as
computing that “relates to, arises from, or influences emotions” [66:1]. Examples of affective computing
systems include wearable devices that sense a person’s emotional state (e.g., Feel [82], MoodLight [86]
both shown in Figure 1), automobiles designed to support safe driving by tracking and responding to the
emotions of drivers [24,42], and a chatbot that promotes self-compassion [50]. Inspired by Picard, we use
the term ‘affective computing’ for digital user experiences and underlying algorithms that relate to, arise
from, or influence affective phenomena. The Handbook of Affective Sciences identifies five major affective
phenomena: emotion, feelings, mood, attitudes, and affective style [18]. Psychologists conceptualize
moods as diffuse states and emotions as more specific states that are connected to stimuli and are time-
bound [27].

Fig. 1. Examples of affective computing. (a) Commercially available Feel emotion wearable and mobile application
[82]. Copyright: Fair use. (b) Research artifact, MoodLight, Personal Input Pod and programmable LED lamp [86].

There are several key questions regarding human emotions that shape affective technologies. Do
humans experience discrete emotions? Can emotions be consistently identified from physiological
information? Psychologists, neuroscientists, and everyday experiences point to the ways that body
language, especially facial expressions, are facets of expressing and perceiving emotions. Biometrics (e.g.,
heart rate, breathing rate, and skin conductivity), voice, and body language are all components of affective
responses—physical and cognitive reactions to affective phenomena. Given the scientific basis of
physiology on affect, technologists have pursued different techniques for modeling affective responses and
emotions computationally by training machine learning algorithms on body language and biometric data.
Affective modeling is in the same vein as technology (e.g., facial analysis technology) that attempts to
classify people into constructs of human identity including gender and psychology. Such technologies have
resulted in racial, gender, transgender, and intersectional bias [34,46,79]. Current emotion recognition
systems are likely to produce bias due to the inequities of data sets [39], and as we argue in this paper,
normative views of emotional experiences at risk of being encoded into algorithms.

Our work highlights variations and complexities of emotional responses by focusing on a community that
has affective experiences that are viewed as non-normative. People on the autism spectrum are just one
example of groups who have emotional experiences that do not always align with standardized taxonomies.
Autism is a life-long neurological condition characterized by particular social, emotional, and behavioral

" We use the terms “on the autism spectrum” and “autistic” interchangeably in keeping with the terminology used by our participants (Table 1).
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styles [2]. In disability studies, related literature, and self-publishing avenues (e.g., blogs and YouTube),
autistic individuals describe experiencing difficulty communicating with others due to differences in verbal
communication and interpreting non-verbal social cues. Autistic individuals describe sometimes having
difficulty expressing or perceiving emotions. Autistic self-advocates describe “not being able to trust, feel,
or control their bodies as they would prefer” [10:1]. Autistic individuals describe experiencing the world in
part through hyper- and hypo- processing of sensations, such as bright lights and loud sounds, and
physiological conditions of the body. Underscoring the newly recognized importance of sensory processing
for autistic individuals, updates to the latest Diagnostic Statistical Manual-5 (DSM-5) added hyper- and
hypo-processing of sensory inputs as potential indicators of autism [30]. Autistic individuals and their
families may modify their environment and daily routines to decrease overstimulation and add calming
sensory activities [78]. Autistic individuals may engage in repetitive body movements as pleasurable
mechanisms for self-soothing and engaging kinesthetically with the world [40].

To build more ethically-sound and representative technologies, a critical lens can be used to challenge
assumptions and stereotypes embedded in digital systems and suggest examples of more inclusive
methods and data practices [22]. By contributing an expanded approach for designing affective computing,
our study examines interconnections between embodied emotional experiences of autistic adults and
interpersonal interactions. Theories of embodiment center people’s physicality, cognition, and perceptual
experience [19]. In the case of autism, self-advocates and theorists have explained that for autistic
individuals embodied experiences inform their knowledge of, and interactions with, the world. As described
by the cognitive scientist De Jaegher, autistic individuals engage in embodied sense-making composed of
“emotion, knowledge, mood, physiology, background, concepts, language, norms, and crucially, the
dynamics of the interaction process” [19:10]. This is the locus of a critical link between emotional and
sensory (or embodied) experiences. To better support this connection in the design of affective computing
systems, we ask:

RQ1: During daily interpersonal interactions, how do autistic adults conceptualize and share emotions and
sensory experiences?

RQ2: In what ways do autistic adults use or respond to digital technologies within the context of their social,
emotional, and sensory experiences?

To explore these questions, we conducted a contextual inquiry of the autism community comprised of
community observations, outreach with autism community members, and interviews with 18 autistic young
adults. During the interviews, we elicited feedback about visualizations of emotions that are currently used
in autism therapy and mainstream affective computing. We learned that (1) the emotional experiences of
autistic adults are entangled with their social interactions and their processing of internal and external
sensory experiences, and (2) that conventional approaches to visually representing emotion are often
overly reliant on standardized taxonomies and fail to incorporate contextual aspects of emotional
responses. Findings support the need to broaden approaches to affective computing by revising standard
models to explicitly consider the situated and embodied aspects of emotional experiences. We offer a
social-emotional-sensory design map for affective computing in communicative contexts. In delineating the
nexus of social, emotional, and sensory experiences of autism, we provide a blueprint or map to enable
designers to navigate this site of design. By social, we refer to the interpersonal social interaction in which
communication activities are being mediated by affective computing. As described above, emotional refers
to emotional states that are connected to stimuli and are time-bound. And by sensory, we refer to internal
and external sensations centered in an individual’s physical body and processed by an individual’s cognitive
system. We argue that these aspects influence each other so deeply in the lived experiences of autistic
individuals, that when affective computing considers each aspect in a silo, opportunities to engage
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holistically with the end-user are missed. By focusing on experiences of a neurodivergent group of
stakeholders, researchers and designers of affective computing can be more inclusive of diverse
perspectives while critically mitigating potential harms introduced by concretizing neuro-normative bias into
systems.

2 BACKGROUND

Situated at the intersection of affective phenomenon, autism, and technology, our study builds upon the
prior theoretical understanding of affect and technological advancements in affective computing. To
establish the conceptual framing for our work, we present a summary of affective phenomena from a
psychological perspective and as manifest in autism. We provide an overview of affective computing user
experiences and research focused on mainstream and autistic populations.

2.1 Dominant Theories of Affective Phenomena

Human emotions have long intrigued scientists in fields, including psychology and neurology. Our
conceptual framing of emotions begins with the overarching concept of affect that covers “all experientially
nonneutral, hedonic or value-laden states or stimuli” [27:37]. Core affect, as defined by psychologist
Russell, is “that neurophysiological state consciously accessible as the simplest raw (nonreflective) feelings
evident in moods and emotions” [75:148]. Russell posited that affect is the blend of two fundamental
neurophysiological systems related to pleasure and arousal [74]. Depicted as the circumplex model of affect
(Figure 2), dimensions of valence and arousal map the space of possible emotional states.
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Fig. 2. Russell's circumplex model of affect [68] showing valence on the horizontal axis and arousal on the vertical
axis. Emotional states are mapped onto the two space.

Five major affective phenomena are prominently studied: emotion, feelings, mood, attitudes, and
affective style [18]. Humans experience affective states as “psycho-physiological constructs used for
characterizing emotions (short-term) and moods (long-term)” [92:1]. Examples of emotional states are
mapped onto the circumplex model of affect shown in Figure 2. The connection between emotions is a topic
of conceptual and empirical inquiry. A dominant theory from Ekman posited that there were six basic,
discrete emotions—joy, surprise, sadness, anger, disgust, and fear—experienced universally by all humans
[23]. According to this theory of universality, our neurological and physiological systems express these
emotions in reliable and predictable ways across cultures. For example, facial expressions of emotions are
used to define precise positions and movements of facial markers including eyebrows, facial lines, and lip
position. A body of research has substantiated this theory, sometimes expanding to seven basic emotions
to include contempt, as shown in the research image in Figure 3 [52,53]. In this image, six actors of different
genders and races demonstrating pre-defined facial expressions of basic emotions. Data sets of facial
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expressions are currently used by technologists to develop computational models of emotional expression
and recognition, at risk of embedding cultural, gender, and racial bias [39].

Surprise Anger

Contempt Disgust

Fig. 3. Facial expressions of emotions (joy, surprise, sadness, anger, fear, contempt, and disgust) as depicted in
research on basic emotions [52,53].

One critique of the theory of basic emotions is its hypothesis that predictable “patterns of autonomic
activation and facial innervation are specific to each basic emotion” [68:717] has not been consistently
validated by research. In addition, the presence of a specific facial expression is not solely enough to
classify an emotion, thus, disputing the reliance on facial expression to categorize emotions. Nonetheless,
the notion of basic emotions as expressed through facial expressions remains a prevalent area of inquiry
for neuroscientists and human-computer interaction researchers, as well as autism therapists as discussed
later in this section. As opposed to the theory of basic emotions, theories such as the circumplex model of
affect, are better aligned with advancements in neuroscience research and knowledge of clinicians and
researchers that people have difficulty with emotional competencies such as discerning and describing their
own emotions [76]. On the extreme end is alexithymia—affective and cognitive difficulties recognizing and
describing one’s feelings, including distinguishing between feelings and bodily sensations [29].

Some emotion theorists have explored the experience of emotions as sensations within the body, felt
through one’s sense of interoception. Interoception is awareness of internal senses, including temperature,
heart rate, our sense of balance, etc. [21]. “Models of embodied emotion posit that we understand others’
emotions by simulating them in our own bodies, meaning that we should be able to construct bodily
representations of others’ somatovisceral states when observing them expressing specific emotions”
[63:648]. Biomedical researchers have explored how people associate bodily sensations with different
emotions. For example, Nummenmaa et al. [63] created maps of bodily sensations as self-reported by
participants responding to emotional stimuli associated with the six basic and seven non-basic (“complex”)
emotions plus a neutral state (Figure 4). Their findings suggested that people perceived both basic and
complex emotional states and that people perceived different emotions as embodied in different ways.
However, they found overlap in the bodily maps, with emotional states affecting the body in sometimes
similar ways.
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Fig. 4. Bodily map of emotions depicting self-described embodied sensations associated with anger, fear, disgust,
happiness, sadness, surprise, neutral, anxiety, love, depression, contempt, pride, shame, and envy [63].

Psychologist Lisa Barrett argues that our understanding of emotions needs to change from the ‘classical’
view of emotions—in which our bodies reliably broadcast perceptible biometric signals that correspond to
universal emotions—to a constructivist theory that emotions that are constructed both within oneself and
socially [5]. From a constructivist perspective, one’s emotional experiences are formulated based on one’s
neurology, access to related emotional experiences, and context of social actions. We explore this in our
research as we investigate the lived experiences of autistic individuals within the context of emotional,
sensory, and social interactions. We further unpack the complexities and idiosyncrasies of emotional
experiences during interpersonal interactions towards enhancing the design of affective computing.

2.2 Affective Computing for Interpersonal Communication

The aforementioned affective theories, which conceptualize basic and complex emotional states and use
biometrics as signals, are the dominant basis for affective computing models for classifying affective
phenomenon. Technologists can use cloud-based emotion recognition services offered by cloud-based
platforms. Google’s Vision API, released in 2016, processes images to detect faces, landmarks, and objects
[98]. It calculates likelihood ratings for emotional states (joy, sorrow, anger, and surprise). Microsoft's
Cognitive Services includes the Emotion API for perceived facial expressions for six emotional states
(anger, contempt, disgust, fear, happiness, neutral, sadness, and surprise) and a corresponding confidence
level [58].

Affective computing systems have been targeted for settings including the workplace, healthcare,
education [e.g., [26,60,94], and wide-spread use, such as Amazon’s reported emotion-detection wearable
[99]. Researchers have investigated the impacts of emotions on interpersonal communication and
teamwork. Teams of information workers can experience enhanced productivity and positive affect,
suggesting happiness, when using systems that mediate task transitions and breaks [44]. In the context of
healthcare, physician empathy towards a patient and physician-patient communications about emotions
can reduce patient distress and facilitate more caring treatment [33]. In the high-intensity setting of an
emergency room, Mentis et al. [57] found that articulation work between healthcare personnel benefitted
from professionals filtering or suppressing affective expression in order to exhibit what they felt were the
appropriate types and intensity of emotions given the context. They argued that system designers should
not assume that “(1) a person wants his or her emotional state to be perfectly and fully conveyed to
communications partners and that (2) observers want or need to know all of the task-relevant emotions
expressed by another” [57:34].

Researchers have investigated ways to provide emotionally-aware mental health socio-technical, such
as a wellbeing chatbot that infers mood and adjusts its delivery of interventions accordingly [25]. Emotion
recognition functionality is sometimes built into a platform without the express knowledge of the user. This
has been used to detect distress in a social media user’s online behavior [62] towards providing critical
support. In another case, Facebook conducted an experiment in which content was shown or omitted from
users’ news feeds based on the emotional expressiveness of posts [48]. The Facebook experiment, which
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was conducted with users without their consent, came under ethical scrutiny an example of algorithmic
emotional manipulation. Andalibi and Buss conducted interviews with social media users about their
attitudes regarding emotion recognition on social media platforms [3]. They found that people “view
emotions as insights to behavior, prone to manipulation, intimate, vulnerable, and complex” [3:1]. They
describe ways the complexity of emotions is difficult to define for the person experiencing them, let alone a
computing algorithm. One challenge they note is how algorithms are often designed to classify an emotion
as one of a set of universal feelings or moods; however, emotions are felt differently by each person. They
found that participants perceived potential harms of emotion recognition at individual and societal levels.
Concerns included that they and others, especially vulnerable individuals, could be manipulated and
exploited based on their emotional state, there could be negative impacts on emotional and mental health,
and there could be identity and digital image misrepresentation across time.

In our work, we investigate the holistic, constructed emotional experiences of autistic individuals. This
perspective differs from prior work that considers emotions individually (such as emotion wearables). We
build upon the work examining potential harm to people from hidden, inaccurate, and misrepresentations
of emotions in technology.

2.3 Affective Phenomena in Autism

In our work, we explore the experiences and perspectives of autistic adults within the context of their
emotional experiences. We present an overview of how affect and emotions are theorized and manifest in
therapy and education related to autism. Evaluation of affective responses and emotions is used to
diagnose and assess autism, stemming from when autism was first characterized as a psychological and
behavioral condition. “The role of emotion in autism is still debated” in autism research, literature, and
community discourse [91:1]. At a high level, emotional well-being enriches one’s quality of life. In general,
the quality of life of autistic children tends to be lower than that of non-autistic children, “with a majority
having little or no social support, meaningful relationships, future employment opportunities or self-
determination” [11:83]. Emotional well-being is supported by social-emotional learning and enacting skills,
thereby building emotional competence [65]. Emotional competence are predictors of academic and social
success, as well as gains in social aptitude [16].

A key emotional competence is the ability to identify and recognize emotions in oneself and others.
According to a meta-analysis of emotion research in autism, Uljarevic and Hamilton [91], emotion
recognition has been found to be difficult for autistic individuals; however, rigorous validation of the exact
nature of emotion recognition difficulties has not been solidified by research. In their meta-analysis,
Uljarevic and Hamilton found that emotion recognition can be difficult for autistic individuals, with no
significant difference between difficulty in recognizing types of emotions such as fear and happiness.
Difficulty with emotion recognition may be connected to alexithymia—as described above, entails difficultly
identifying and recognizing emotions—since autistic individuals have been found to have a higher rate of
alexithymia than non-autistic populations [59].

Another important emotional competency is self-regulation of emotions. “Emotion regulation involves
modulating the temporal features, intensity, or valence of one’s emotions in the service of adaptive or goal-
directed behavior” [54:15]. Emotional outbursts, aggression, and self-injury can stem from ineffective
management of emotional states in response to stress or overstimulation [47]. Sources of stress for autistic
individuals include social pressure, feeling in discord with others, and trauma. Children and youth with
autism have been found to have been exposed to trauma including abuse, neglect, and peer victimization
(including physical, social, verbal, and cyber-bullying) [13]. Autistic children are exposed to traumatic events
at least as often as their typically developing peers, with bullying found to occur more often against youth
with ASD more often than non-autistic youth [38]. Research on the effects of these events on autistic people
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suggests ostracism, loneliness, internalization of emotional symptoms, and suicidality. More research is
called for, along with supportive interventions and policies.

Both of these emotional competencies-- recognizing emotions and self-regulation of emotions—are
areas targeted by psychologists, social skill therapists, and educators. These professionals use traditional
and modified social-emotional learning strategies when working with autistic children. To support multi-
modal learning and to assess emotion competencies, professionals use a variety of visual aids, including
those containing facial expressions and taxonomies of emotions [32,36,69]. Cognitive-based therapy (as
opposed to behavioral approaches) sometimes use emotion taxonomies to teach autistic individuals
emotion recognition and emotion regulation skills (Figure 5).
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Fig. 5. (a) Feeling wheel used in psychological counseling with autistic adults [84]. Copyright: Fair use. (b) Feeling
Zones curriculum designed for teaching teens to first identify their energy zone (blue, green, yellow, red) and then a
corresponding feeling within each zone [49,97]. Copyright: Fair use.

Our work seeks to contribute empirical evidence of the emotional and affective lived experiences of
autistic adults, including the reflections of autistic adults on their social-emotional learning as described in
this section. We explore sensory experiences within the context of social-emotional experiences, as
motivated by disability studies. Our work is motivated by the scholarship of critical autism scholars, who
“attend closely to the views and voices of autistic people themselves” to counter traditional autism literature
in which “it is not unusual...to encounter descriptions, indeed definitions of autism as an ‘empathy disorder™
[17:131]. Critical autism studies offer alternative, more expansive perspectives. For example, Milton
theorizes about a ‘double empathy problem,” describing how challenges to empathy are not due to a
“singular problem located in any one person. Rather, it is based on the social interaction between two
differently disposed social actors” [61]. We draw from disability studies for perspectives such as Milton’s
and rich descriptions of lived experiences of autistic individuals, especially adults. These perspectives
expand our understanding of autistic adults beyond research typically focusing on autistic children in
psychology, education, and human-computer interaction (HCI) research (with notable HCI research
exceptions including [9,12,37,55,96]). Next, we describe affective computing used in the autism domain.

2.4 Affective Computing for Autism

Affective computing systems for autism are primarily applications used in educational and therapeutic
settings. In these programs, autistic children are instructed to complete computer application tasks that are
“designed to elicit the affective states of liking, anxiety, and engagement that are considered important in
autism intervention” [51:1]. Autistic children also use computer applications that teach the meaning of facial
expressions. These emotional literacy skills are then the basis for learning a wide range of social skills that
are contextualized based on the individual’'s age and communication goals. Researchers have found that
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using video technology and virtual worlds to practice social skills for scenarios such as public speaking and
job interviews has benefits for autistic individuals [35].

In autism technology research, the expression of emotions, emotional empathy, and emotional
regulation have received significant focus (e.g., [8,43,93]). As an extension, empathetic artificial intelligence
(A, which strives to mirror and model human emotions, has been applied to autism scenarios. Empathetic
Al, in the form of social robots and avatars, has been used with autistic children to promote social
engagement and emotionally-aware interactions, specifically, “assisting in the diagnostic process,
improving eye contact and self-initiated interactions, turn-taking activities, imitation, emotion, recognition,
joint attention and triadic interactions” [68:1]. In other areas concerning physical interactions with digital
systems, researchers have used wearables to detect stereotypical motor repetitive behaviors (e.g., [30])
and to attempt to predict emotional ‘melt-downs.’ This line of research focuses on understanding affective
responses and repetitive behaviors to inform tools for parents, teachers, and therapists.

By exploring motivations and emotional connections to physical behaviors, we are guided by Picard’s
insight that “both brain and body interact in the generation of emotion and its experiences” [67:22]. In the
vein of understanding the brain-body experiences of autistic individuals, Simms et al. explored the
communicative practices of autistic individuals during stress [83]. The design team created a digital tracking
system with squeezes of stress balls providing input into a mobile application that would text a trusted friend
during a stressful episode. Ringland [70] also explored embodied digital experiences within the context of
Autcraft, a Minecraft server for autistic players. Members of Autcraft created spaces and social interactions
tailored to their needs, including sensory-aware spaces [72], enacting behaviors to manage emotions (e.g.,
killing monsters to release anger), and hosting an in-world fireworks show—an alternative to sometimes
sensory-overwhelming firework displays in the physical-world [71]. Ringland argues that embodied
experiences are also constructed and felt during digitally mediated social experiences. This includes the
liminal “transitional space between two states of being or the threshold between two spaces” [70:5].

Recent research in the field of media studies has investigated the intersection of media use with the sensory
experiences of autistic children. Alper [1] found that “media play a role in autistic children’s sensory-seeking behaviors
at home, the integrated ways in which they experience pleasurable stimuli, and how they learn to interpret their own
sensoria.” Children may listen to music while jumping on a trampoline or may hold up a tablet close to their face while
tensing up their whole body. Autistic children may use media to create sensory-friendly experiences, such as creating
a virtual fireworks show within Minecraft [71]. Alper proposes compelling directions for future research on sensory
experiences, notably, on “the relationship between sensory regulation during media use and one’s ability to process
messages in those media” and “how might sensory regulation behaviors serve learning and other cognitive processes
through media use?” [1:3574].

Our work contributes to research related to affective computing for autistic users by closely examining
socio-technical sensory and emotional experiences of adults and the ways that these experiences are
represented. In our research, we aim to deepen our understanding of the co-constructed, socially
embedded nature of emotional experiences within the daily rounds and routines of autistic adults. An
important dimension of this work is to explore how the material and visual representation of embodied
emotions plays a role in social interactions. Our focus on autistic adults, rather than children, extends
knowledge of the experiences of autistic individuals into adulthood. Autistic adults describe experiencing
social anxiety and isolation that comes with negotiating often uncomfortable and ambiguous social norms
and social settings. This is amplified by the transitions of emerging adults, which often include novel
education, social, and work experiences [91,95].
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3 METHODS

Our choice of methods aligns with the social model of disability, which rather than centering perceived
limitations on individual attributes, examines barriers faced by disabled people on society norms and
infrastructure [66]. The social model forefronts the voices of disabled individuals. In contrast, the medical
model of disability focuses on the perceived deficits of the individual. Technological supports for autism
have traditionally aligned more closely with a medical framing of autism, typically resulting in digital tools
designed to be corrective prosthetics. This limiting approach has been critiqued as embodying “normative
expectations of a neurotypical society” [88:10]. Towards countering that momentum, we maintain a
commitment to forefront the voices of autistic individuals. This is especially important when researching
marginalized groups and as part of our reflexivity as non-autistic researchers [6,80]. We recognize that as
allies of autistic individuals with connections to the autism community in several avenues in our personal
and academic lives, our lived experiences are from inherently different perspectives than those we seek to
more deeply understand. Towards centering the lived experiences of autistic adults, we purposefully used
qualitative methods that value staying close to the data and engaging in joint researcher and community
reflection.

3.1 Grounded Design — Context Study

We are currently concluding what will be an 18-month Grounded Design project with autistic adults. Grounded Design
[95] is a research approach that uses an iterative and collaborative design process to engage with a community of
practice. As the name implies, this methodology allows researchers to become deeply familiar with a context of use, to
work closely with stakeholders in the design process, and to continually validate conclusions and findings with members
of the community of practice. The first phase of Grounded Design is a context study, which is reported in this paper.
We focus here on methods of contextual understanding and insights provided by these activities. Future publications
will focus on subsequent phases of the Grounded Design research, including our continuing CBPR outreach on
emerging themes, technology co-design sessions, and findings from a technology appropriation study.

3.2 Community Observations and Participatory Research Design

To engage in current activities and issues important to autistic individuals, we began our research project by attending
autism-related events. Building on previous interactions with the autism community in our region, the research team
attended an advertised “Sensory-Friendly Day” at a local zoo. The zoo provided a sensory map of the grounds that
marked quiet spaces and a sensory garden. At an indoor space specifically designed for those with sensory sensitivities,
we informally spoke with zoo employees, one who self-identified as being autistic. We learned about the measures
taken by both designers and program directors to make the zoo more accessible to neurodiverse visitors. Also during
the initial phases of the context study, the first author attended a conference organized and presented by autistic adults
hosted by a local college to better understand the values, priorities, and preferred terminology of at least one group of
autism self-advocates.

Throughout subsequent phases of the context study, the research team participated in additional events including
a webinar on autism and trauma, a conference on autism and employment, and conferences on autism-related
technology research. The research team wrote research memos and discussed observations and learnings, iteratively
building a more grounded, informed perspective on the autism community and current issues.

Based on networking during the autism and employment conference, the first author reached out to the autistic-lead
organization Academic Autism Spectrum Partnership in Research and Education (AASPIRE) [100]. During a discussion
about this research project, a representative from AASPIRE suggested that we follow their Community-Based
Participatory Design (CBPR) approach for conducting respectful and socially relevant research and to facilitate
alignment and collaboration between researchers and autistic adults [61]. Their CBPR approach identifies key points
of alignment between researchers and autistic adults throughout a research project. For example, during the research
development phase, community priorities should influence the research focus of inquiry and study design. Following
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this CBPR approach, we gathered input on our research plan from autistic-lead groups, autistic self-advocates, and
other representatives of autism service organizations. We met in person with a university-based autism center, a
university leadership program for professionals entering autism services, and an organization that provides services to
neurodiverse (those with autism and other conditions such as attention-deficit disorder) youth and young adults. During
these meetings we gathered feedback on our research goals, research questions, study design, and recruiting plan.
We also became more sensitized to the needs, perspectives, and challenges faced by autistic adults, adapting our
language and approach to reflect this understanding.

3.3 Participants and Recruiting

Informed and influenced by these experiences, we recruited 18 young autistic adults for semi-structured interviews
through the organizations we connected with through our CBPR outreach. Our recruiting message was an invitation to
co-design autism technology relating to communication and collaboration. Participants were asked to commit to
participating in a multi-step research project composed of “Discover”, “Brainstorm,” and “Evaluate” activities. In line with
our position that the insights and experiences about the lived experience of autism constitute subject matter expertise,
participants were paid $75 for participating in the first set of interviews of our Grounded Design research. This research
was approved by our university’s Institutional Review Board. To protect participant anonymity, we report summarized
demographics (Table 1). All participants communicated verbally, were able to recall and describe their social
interactions and responses to sensory inputs and had used a personal computing device (including a mobile phone or
gaming console) in the past month.

Table 1. Self-described demographics of the 18 research participants

Attribute Demographics

Age 18 — 31 (average 22)

Gender 6 female, 12 male

Race White (15), Black (1), Asian (2)

Autism All identified as “being on the autism spectrum” and/or “autistic.” When talking about
themselves, several said they “have a disability” and one described himself as “having a
slowness”

Location United States, living in a rural, mid-size city (12) or living in suburbs of large metropolitan
city (6)

Living arrangement Live with parents (13); live alone or with roommates (3); live with spouse (2)

Level of education Transition program for life and job skills at a community college (12); Master of Music (1),

PhD in statistics (1), medical residency program (1), Bachelor degree (3)
Current employment  Employed in technology, music, and education fields. Internships with local retail shops
(bakery, feed store, pizza restaurant, computer repair)

3.4 Participant Interviews

After our community outreach and observations, we conducted face-to-face, semi-structured interviews with
18 participants to gain an understanding of their lived experiences, with a focus on their social interactions
at work, school, and in their personal lives. Prior to conducting interviews, we piloted our protocol with an
individual who identifies as autistic, and as a result we revised questions to use more direct language and
more explicitly stated that participants could choose to not answer any questions, especially given the
sensitive nature of questions about emotions and sensory sensitivities. While scheduling the interviews, the
researcher instructed the participants to bring a ‘personal comfort object,” which we described as “an object
or written process that they turn to for comfort when they are dealing with strong emotions or sensory
experiences (such as feeling bothered by bright lights or loud sounds).” In the interviews, we asked
participants about their daily activities and their social, emotional, and sensory experiences. We inquired
about (1) their experiences coming to know they were autistic and the strengths and frustrations that they
connect to being autistic, (2) their experiences feeling overwhelmed by sensory inputs or seeking out
sensory experiences, (3) ways in which they decode emotions of themselves and others. We discussed the
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participant’s sensory and emotional well-being practices, including a show-and-tell activity of the personal
comfort object they brought to the interview. Throughout the interview, we probed into their technology and
media use during the experiences they described. We then led the participants through an activity,
described in the next section, designed to elicit responses to visual representations of emotions. To scaffold
moving through interview topics, we used a visual schedule (Table 2), which is a best practice for supporting
neurodivergent individuals during technology research [7].

Table 2. Visual schedule used during interviews to scaffold switching topics and managing time

Step Topic Minutes
1 oPe Introduction 5
~
2 @ Your background 10
3 R Sensory processing and emotions | 10
faxoy
4 \Q"\ﬂ Well-being 10
5 @y Visuals 20
6 @ Wrap up 5

3.5 Method for Engaging with Visual Representations of Emotion

During interviews, we used a visual elicitation method designed to probe participants’ perceptions of
emotion recognition and expression. For this portion of the interview, the researcher asked participants to
respond to existing visual representations of models of emotions and then to create a visual representation
for their conception of a model of emotions. Visual elicitation research methods supplement the verbal
aspect of typical interviews by introducing visual prompts or ways of responding to questions [7,28]. Visual
elicitation methods often help participants articulate mental models associated with sensitive issues such
as managing serious mental illness (e.g., [85,87]). In this case, we were also inspired by the prevalence of
visuals used in the educational and therapeutic experiences of autistic individuals, such as the schedule
chart shown above, reward charts, and communication aids [20,36,69].

The team prepared visual prompts by selecting four visual representations of emotions (Table 3). The
criteria for the visual set was that they were a representative sample from (1) field (autism therapy and
affective computing), and (2) image type (ranging from photographic, realistic images to simplified
renderings to iconography). The first criterion is important because these are images that autistic individuals
are likely to have encountered in therapy or as they are exposed to affective computing as described in the
Background section. The second criterion was important because autistic individuals respond differently to
images based on how realistic they are [15]; in addition, current affective computing uses both realistic and
iconographic emotion imagery.
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Table 3. Visual representations of emotions used in interviews

Description  Settings Realism Dimension
Facial Autism therapy, emotion theory, affective Realistic
expressions computing. We chose an image of adults

rather than of children since our research

participants are adults and during our

community outreach, autistic adults relayed

that it was important to tailor the images

and future design concepts towards adults.

Bodily map Clinical neuropsychological assessments. Realistic

of emotions Used in affective computing models for
identifying emotions based on biometrics,
especially changes in temperature and heart

rate.
Feeling Autism therapy and education; emotion Iconographic
wheel taxonomy.
p Emotion Emerging technology in areas of self- Iconographic
Y wearable tracking and emotional literacy, emerging
4 and affective computing in marketplace

JIN application

Feel Emotion Sensor and Feel
App from Sentio Solutions Inc. [82]

During interviews, the participants were asked to compare each of the four visual representations of
emotions to their own experiences and mental models. Digital copies of images were presented on an iPad
Pro with Apple Pencil, providing participants with the opportunity to annotate, alter, or otherwise visually
register their responses to the images. First, the interviewer introduced the activity and gave a brief tutorial
of an iPad Pro drawing application, GoodNotes?. The participant was given a few minutes to explore the
brush styles and colors in GoodNotes. Next, the interviewer showed the participant the visual
representations of emotion (Table 3) one at a time, asking the participant to reflect upon what the image
made them think about in terms of emotions and to mark anything they would change or highlight in the
image to better reflect their personal experience. The interviewer probed for elements in the images that fit
or did not fit with how participants conceptualize and experience emotions. They were then asked to draw
their own visual representation that shows how they think of emotions. They were asked to draw an image
and annotate it with text. During the interviews, five participants stated that they did not want to draw, in
which case, the interviewer drew images or wrote notes to match what the participant was saying, asking
for verification from the participant along the way. Using the iPad for this activity provided participants with

2 https://www.goodnotes.com/
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the freedom to engage with the digital artifacts at will, including experimenting with different types of
annotations. Interactions on the iPad were captured using the QuickTime Player?, providing real-time
recordings of additions, edits, and notations added to the digital images. By engaging our participants in an
alternative, visual mode of communication, we were able to triangulate our findings between the narrative
portion of the interview, the visual markings and responses to visual representations, and the vocabulary
and attitudes evident in their words.

3.6  Analysis

Data from the context study consisted of research memos written soon after community observations,
CBPR outreach meetings, and participant interviews; transcriptions of the interviews; and screencasts and
edited images from the visual representation of emotions activity. We analyzed the data following an
iterative inductive approach [77]. Using MaxQDA qualitative coding software, we conducted open coding
of the textual data. Note that our analysis included coding both the textual data and the outputs of the visual
representation of emotions activity in similar manners. This consistent treatment of the visual activity was
informed by related work using interview and visual methods (e.g., [64]). We identified themes that captured
connections between emotions, sensory experiences, and social relationships. We wrote memos on the
emerging themes to remain close to the data and refine our analysis. We reported the themes back to the
participants and community partners and asked for their feedback. They conveyed that they resonated
themes relating to making interactions clearer, making it easier to understand emotions, and increasing
independence during social interactions.

4 RESULTS

As described in the Methods section, our contextual inquiry consisted of community observations, outreach,
and participant interviews. First, we briefly report on the outcomes of our CBPR outreach. The remainder
of the Results section reports findings from participant interviews. To answer our first research question
inquiring into how autistic adults conceptualize and share emotions and sensory experiences, we first
describe the participants’ reported daily ‘rounds’ [90], a description of the important factors of one’s daily
life as grounded by routine activities. We then describe the participants’ accounting of how their emotional
experiences were influenced by social-emotional awareness, recognizing emotions in themselves and
others. Finally, we surface how emotional experiences are co-constructed in social relationships and
include a component of attending to emotional and sensory needs. To answer our second research
question inquiring how autistic adults use or respond to digital technologies within the context of their social,
emotional, and sensory experiences, we include sub-sections to specifically report on socio-technical
experiences. In our discussion, we will connect these findings to the design of affective systems by
introducing a social-emotional-sensory map to guide the digital representation of emotions.

4.1 Social, Emotional, and Sensory Factors in Autism Community

Community observations surfaced issues relating to autism advocacy and considerations for
neurodivergent ways of engaging in social and physical environments. Based on the college presentations
by autistic youth and adults, topics of importance to the community included the right to be autistic;
embodied and emotional considerations related to alexithymia and interoception; neurodiversity and the
social model of disability; thinking with the autistic perspective; and respecting autistic ways of playing and
interacting. Within the public spaces that our observations took place, attention was given to sensory
experiences. The conference coordinators provided streaming for people who preferred to attend the event
from home as well as streaming in another room at the conference building for people who wanted access

3 https://support.apple.com/quicktime
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to a low-sensory environment. In this low-lit room, sensory aids (e.g., squeeze balls) and bean bags for
alternative seating were provided. Similarly, sensory processing was also a consideration at the zoo event
with access to a sensory garden and hands-on exhibits with a limited number of attendees. Children could
check out “sensory backpacks” containing exploration tools such as binoculars and checklists.

In addition to providing evidence of the importance of designing sensory-sensitive spaces, our direct
engagement with autistic self-advocates and representatives from autism organizations raised three
primary considerations related to our research: (1) community preferences to use “autistic individuals”
rather than “individuals with autism,” (2) limitations of clinical instruments designed to assess emotional
literacy and sensory sensitivities, and (3) the importance of minimizing research burden on participants. We
incorporated these insights into our research plan and protocols to reflect preferred terminology, use real-
world visual representations of emotions, rather than instruments, and minimize extra communications and
logistics required of participants.

4.2 Communication in Daily Rounds

During the participants’ daily rounds, their communicative practices centered around home, job, and life
skills courses; work; and entertainment. Thus, they primarily interacted with family, classmates, work
colleagues and mentors, therapists, and online gaming communities. The majority of participants live with
one or more parents and siblings, while three of the participants live with partners or roommates.
Participants primarily interacted with people who were non-autistic. However, the interactions with other
members of the life and job skills program were neurodiverse, meaning autistic and/or identifying with other
neuro-atypical conditions such as attention-deficit disorder or schizophrenia.

The participants described their daily rounds as traveling to their workplace or school, then, for some,
going to a second location such as a job, internship, or speech therapy. The majority of participants do not
drive, instead relying on public buses or rides from parents and extended family. Some participants needed
to walk long distances between transportation nodes. For evening activities, they coordinated with others
regarding childcare, meals, sharing computers and video game consoles, and family rules for technology
usage. Several participants discussed that they prioritize balancing socializing with regrouping in
preparation for the following day, as described by Kyle, “I do want to socialize with people. But I just want
to relax. | don't want to do too much at once...because | get too tired...and if | do too much, | get
overwhelmed.” Participants described spending time on weekends caring for children, doing chores, and
pursuing interests such as job skills training or outdoor hobbies. They talked about valuing their imagination
and rich inner worlds, cultivating these parts of themselves by reading books, envisioning imaginary
characters, and contemplating alternate realities.

All of the participants described their social relationships as grounded in routine, periodic interactions
with family, instructors or job mentors, work colleagues, and a small group of friends. The participants
shared that they value these relationships because they can talk about and engage in common interests
and have the support of someone who encourages and understands them. Some desire more friends and
romantic relationships. Some participants are looking for more independence and autonomy, such as being
able to take on more job responsibilities or live on their own. They discussed their steps towards
independence, such as getting a job by passing an interview and getting their first paycheck, with a sense
of pride. They look forward to future accomplishments, such as Kyle sharing steps he is taking towards
moving out of his parents’ home into an apartment, saying, “/ feel proud when I learn the skills to get ready
to move to my own apartment, like cooking, shopping, laundry, pay bills. Okay, peaceful — I'll be peaceful
when I'm in my own apartment and say | did it.” On the other hand, some participants instead felt external
pressure from parents and grandparents to be more independent in daily lives, such as managing their
medicines or planning their transportation.
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To contextualize the participants' social relationships and emotional experiences, it is important to
recognize that many of the participants shared past experiences of trauma. These experiences included
bullying, feeling separated from peers in school (when in special education classes and mainstream
classes), and varying forms of abuse. This finding underscores that “studies suggest that youth with
intellectual and developmental disabilities are 1.5 to over 3 times more likely to be maltreated than their
peers” [23:3476]. In our study, many of the participants who experienced trauma described memory loss,
emotional numbing, and other feelings and behaviors that are psychologically recognized as traumatic
stress. Several participants had a continual fear of getting picked on or being physically assaulted,
habitually scanning their environment for unsafe people and situations. These traumatic experiences
continued to impact their stress levels and apprehension about social interactions in their daily rounds.
Next, we unpack the emotional experiences of the participants, as situated in interpersonal relationships
and sensory experiences.

4.3 Learning About Emotions

All of the participants described their emotional experiences as rooted in their childhood. Some participants
discussed ‘hurtful” or “traumatic” experiences from social interactions with family, teachers, and peers. As
described in the following sections, they all engaged in interpersonal interactions in embodied ways that
are informed by their cognitive styles; however, they faced misunderstandings and misperceptions due to
disconnects in communicative and emotional styles with their conversation partners.

The participants described learning emotions in implicit and explicit ways. These early learning
experiences stayed with them into adulthood as they reflected upon their emotional experiences. Some
participants described learning about emotions from role models, such as parents and teachers. As
described by Alana: “When | was growing up [labeling my emotions] was an issue. Now I'm more in tune
with my emotions, and I think as a kid, you just naturally learn from your parents more so than have a sense
of your own emotions.”

Many participants discussed their personal emotional growth from their childhood to the present. When
describing how they formed their ideas and mental models about their emotional states, self-reflection in
the form of journaling was a method for Sarah to parse and interpret her feelings. She would “be writing out
"I don't know why I feel this way" and I'd be like "I guess this thing bothered me and maybe I'm angry about
it. Oh, I guess I'm angry." It would be kind of more intellectualizing, before | realized how | felt.”

By describing the events of a day and emotions they had, participants formulated views on their
emotional capacities and perspectives. For example, David had a strong philosophical stance towards how
he cultivates a positive attitude for himself:

“There's drama that | can't control...because been there, done that. I'll stick with just being a peaceful
fellow. | remember back then | was usually a big grumpy fellow who was always angry all the time
and just roar...But since then, I'm becoming more calm. | pray a lot. | just think peacefully. Because
there was this teacher that told me a lot about being positive...and if you're more positive, happiness
grows better.”

For many participants, the primary role of technology is having social-emotional resources available through
online and other digital media sources. For Alex, some characters in movies were role models for
expressing emotions:

“This is what I like about Disney, especially the older generation, the Walt Disney movies aren't afraid
to let out their feelings, even though it kind of scares people...[Some movies] basically sugarcoat it,
don't let out the feelings, which bothers me because | like to not bottle it up, and sugarcoating, like
being honest, | was raised up on honesty.”



Social-Emotional-Sensory Design Map for Affective Computing Informed by Neurodivergent Experiences 7717

A few participants talked about explicitly seeking out information about emotions from books and YouTube
videos. These were sources for definitions of terms related to emotions and information about how people
express and interpret social cues. Drawing from knowledge he gained from YouTube videos, David
observed body language to pick up on emotions:

“Sometimes when | look in their eyes, | mainly focus on their pupils, actually. Because | watched this
video about how to understand a person's view, how they feel, just by looking into their pupils, and |
was like ooh, this is interesting. Even looking at their body movements, of how they move, how they
act, which legs are they posing, how they use their arms, head, face, eyes, nose.”

David and Emily described their expression of emotions as a form of embodied acting. David said, “I try my
best to use my acting skills. | never went into drama... | just watch a lot of movies, videos, try to copy what
other people do. Then my expressing emotions from face pictures, like oh, holy cow, eyebrows raising,
eyes moving.” Sarah used an app, Brain Works [101], for connecting how she was feeling with
recommended sensory, physical activities. The app calls this balance of sensory inputs and sensory
processing as one’s ‘sensory diet.” Sarah, who was diagnosed as autistic in adulthood, said that the app
was “helpful for ideas” as she learned more about autism.
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Fig. 6. BrainWorks mobile app for the user to track how they feel (e.g., just right, slow and sluggish, fast and stressful,
fast and hyper) and follow prompts for recommended activities (e.g., animal walk, army crawl, aroma, ball pass, belly
breathing) [101]. Copyright: Fair use.

The participants’ descriptions of emotional learning demonstrate that their affective learning is entwined
in their technology and media experiences. In contrast to therapeutic perspectives that emphasize that
autistic individuals have difficulty learning from social modeling and self-reflection, our findings demonstrate
ways that their learning is both implicit and explicitly detailed, and sometimes self-initiated to seek out
knowledge about emotions. This also surfaces the hidden work autistic individuals do to attune to verbal
and non-verbal, sensory cues.

4.3.1 Visual Representations of Emotions: Social-Emotional Learning

We observed that their childhood exposure to imagery of visual representations of emotions during social-
emotional learning in therapy, school, or home influenced the participants’ attitudes towards visual models
of emotions. Their learning experiences with visual representations helped them formulate their conceptual
models of emotions, and they had specific reasons why the imagery resonated or did not resonate, with
their real-world emotional experiences.

During the visual elicitation activity, participants compared the visual representations of emotions to their
educational, therapeutic, and social experiences. For Matthew, the general idea of using imagery to
represent emotions reminded him of how emotions were represented as discrete characters with unique
personalities in the animated Pixar movie, Inside Out. In the film, the internal emotional life of a young girl
is depicted as an ensemble cast, including Joy, Fear, Disgust, and Anger, who live in her head and are
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continually vying for control of her behavior. Like others, Matthew was familiar with the feelings wheel and
illustrations of facial expressions shown in the visualizations we shared. Matthew said that he had seen it
“done plenty of times before, using colors to represent certain personalities.” He quickly noted that he is
“actually more in the yellow section — not energetic but more creative and optimistic.”

For Alec, when he was shown the facial expression image (Figure 1-A), he recalled, “Oh yes, | remember
in my high school life skills class, doing face recognitions.” In his reflection of the facial expressions, he
wanted to see the facial expressions on women as well as men, and a wide variety of age groups (“babies,
toddlers, children, teens, adolescents, young adults, even senior elderly people.”) He shared that in his
place of employment where the general public comes, he “can’t always know what they are thinking entirely
which is why | am with behind-the-scenes type jobs that don't deal with customers. [I am in] slower-paced
jobs which | know what some people are thinking, then this helps and this corresponds fto the details (of
facial expressions) matter.” These vignettes demonstrate that the participants’ social-emotional-sensory
experiences were constructed within the context of technology and media resources, conceptual models of
emotions, and social interactions.

4.4 ldentifying and Expressing One’s Own Emotions

Feeling and expressing one’s emotions is an important aspect of emotional literacy that can be difficult to
tap into and describe [5]. Some participants described their baseline feeling being happy or optimistic,
although others described generally being, for example, “neutral” or “neutral or sad or anxious.” In this
section, we include samples of the personal visual representations of emotions drawn by participants. As
depicted in Figure 7, two participants focused on their neutral state when asked to draw a visual
representation for how they experience emotions. The emphasis of their neutral state came across in the
focus on a neutral emoji during the participant-generated images.

Fig. 7. (a) Emaji with two eyes and a flat mouth. (b) Neutral and angry emojis stylized as bears

Some participants relayed vivid accounts of their sensory, embodied experiences with emotions. For
Alana, sadness is felt “like a very physical pain in my chest.” David described his “anger and upsetness
coming from my heart. Because | can literally feel the inside of my ribs being either warm or cold.” We
observed that many participants described feeling flooded by a sense of “overwhelming” emotions. For
some participants, they experienced swings in both “positive” and “negative” emotions. Another participant,
Sarah, described her tendency for being flooded with emotions as being ‘just really sensitive and the world
is very intense, and | just take it all in, and | can't block it out.” (Figure 8 (a)). Caylee had developed an
imaginary creature, The Flabbergast, who “was known as the guardian of feelings” (Figure 8 (b)). Caylee
described that The Flabbergast could, by opening her eyes, take “control of an emotion,” which are
represented by different colors within and around her. The Flabbergast “cares for emotions and loves them
like her own children. She protects them, with all her might because she’s afraid that they might take control
of her.” In Caylee’s case, she imagined the embodied experience of emotion as displaced into the character
of The Flabbergast.
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Fig. 8. (a) Visual representations of four key emotions: calm, anger, content, and confusion. (b) An imaginary
character, The Flabbergast, who controls and protects emotions.

In contrast to swings in the full range of emotions, other participants said their emotional shifts were from
neutral to angry feelings (Figure 9). They tended to suppress their anger towards others, and sometimes,
on the other hand, could not control their emotional expressiveness. For Mitchell, he depicted his anger
(Figure 9 (a) as a stick of dynamite, saying that he is usually a peaceful, happy guy, but “once someone
gets on my bad side, then all hell breaks loose.” When their feelings escalated to “exploding,” intense
sensory experiences could result in headaches and panic attacks. Alana described a situation in which she
“ended up yelling and screaming and exploding, and that causes headaches and panic attacks...I'm just
really irritated and frustrated because they just don't get it.” (Figure 9 (b).) Jack described that when his
feelings escalate to a burst of anger, it is similar to how he “can numb my whole body to take the impact of
a punch, but instead it's letting all the energy from all the punches out all at once with my fists. So basically,
completely taking the energy from all the punches | have taken over the years and just let it all out at once.”
We report on these emotional shifts to highlight how aspects of time, sensations, and origins in traumatic
experiences all contribute to these intense, emotional experiences.

Fig. 9. (a) Anger depicted a stick of dynamite. (b) Buildup of distress in body.

Participants considered how their social relationships have been impacted by misperceptions of their
emotional needs and styles. For Ethan, he expressed that he “does not get sad like other people do” and
that this was evidence for him that he “has a different mindset” than other people. In the case of Emily, she
did not want to express her true emotions to her mother when her mother was asking about her decisions
and actions. Rather than expressing her true motivations, she tried showing one type of emotion, hiding the
different emotions she felt inside. To share emotions, participants needed to feel safe and comfortable.
Then within that context, many participants expressed a desire to be able to more openly share their
emotions, as described by Mitchell who wanted to improve “how to express my feelings more and explaining
how [ feel about friends and family. (Emotions) in general — positive and negative.” This sentiment highlights
that participants felt there were barriers in conceptualizing and verbalizing their inner emotional lives.

During the “show-and-tell” portion of their interview, participants described activities or showed the
objects they brought with them that brought them a sense of comfort and pleasure. A sample of participant
objects are shown in Figure 10.
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Fig. 10. Sample of objects that participants turn to for comfort and relaxation. Top row: (a) Notebook for drawing
characters from the animated show Steven Universe. (b) A flip phone. (c) A smart phone with applications for
transportation and entertainment. (d) A DVD of a participant’s favorite musician and musical educator Bottom row: (e)
Support dog. (f) Two Nintendo DS consoles and (g) finger armor.

Many of the participants shared that technology devices and media (e.g., books, DVDs) were sources
of personal satisfaction, happiness, and pride. For Jack, video games and playing card games were a
reliable source of happiness, whereas other activities that “try and make me happy don’t really making me
happy for too long. Usually, they make me happy for a few minutes, five at the most sometimes, and then
it just — why am | doing this?” The pure entertainment value of technology and media use should not be
undervalued as a source of positive and contented experiences. Daniel viewed his video watching as purely
entertainment, with no connections to education or his future goals, but a way to cultivate the “entertainment
period of my life” in the midst of feeling ‘passive” about other aspects of his life. However, participants also
associated boredom, stress, and family conflict with technology and media. Chase was an avid video gamer
who was, as he described, “what they call a toxic player” because he talks bad about other players “for
doing the wrong thing” in gameplay. In response, “people are just like hey, calm down, it's just a game. For
me, gaming has always been my life pretty much.” His self-described “addiction” to video games caused
him to “shrug off doing chores” and fueled arguments between him and his parents and when he was made
to stop playing, he felt “a lot of emotions happening at once that | do not like.” These scenarios surface the
participants’ complicated socio-technical emotional experiences that elicited a range of emotions that could
be difficult to discern into discrete emotional states.

4.4.1 Visual Representations of Emotions: Neutral and Simplified Emotion Taxonomies

As the participants engaged with the visual representations of emotions, they expanded upon and revealed
new insights about how they identify and express their emotions. Visual representations that depicted many
emotions—the feeling wheel and the bodily map of emotions—prompted many participants to talk about
their primary emotions. Participants stated that the visual representations of the feeling wheel and bodily
map of emotions were “complicated” and needed to be simplified. This was especially important for Alec
who had emphasized his preference for simplification throughout the interview. In interpreting the bodily
map of emotions visualization, he “broke this into two simple categories...bad things would be shame,
contempt, depression, anger, fear, disgust, sadness, and the happy things would be pride, love, and
happiness.” Some of the participants were particular about how they would describe their emotions. While
engaging with the feeling wheel, some participants found that some of the terms (e.g., powerful) did not
seem like emotions but rather an attribute of someone. The words in the middle circle felt more natural to
some participants as a way “fo really express” emotions. Some participants did not want to use a term that
they perceived as having a negative connotation. For example, Emily said, “/ think it is not a good idea to
always say I'm scared because I'm afraid if it means something more of the negative, you should say I'm
concerned, or | am confused...it sounds better.”
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Most participants focused on the emotions they typically feel or desire to feel, often circling them as in
Figure 11 A-B below. Many participants crossed out the emotions that do not resonate with them, as Alex
did in Figure 11-A, crossing out what he termed ‘the negative” emotions stemming from sad, mad, and
scared, stating he mainly stays happy and optimistic.

gn Contemot Prde Shame

20%e 2

Fig. 1.. (a) A participant marked up the feeling wheel image, crossing out emotions he did not respond to and circles
around emotions that resonated with him. (b) A participant circled the body maps for anger, neutral, and depression,
indicating she agreed with those depictions. She added flexed arms on the happiness body map to show she felt
strong when happy.

Several participants wanted the experience of feeling neutral to be better represented in the images, some
of which omitted neutral altogether (i.e., the feeling wheel, facial expressions, and emotion wearable).
Sarah’s self-described baseline emotional state was “neutral,” and she proposed that ‘neutral’ be added to
the basic emotions in the center of the feeling wheel and colored grey.

Participants had a mixed reaction to using a wearable device and application like the Feel Emotion
Sensor and Feel App, ranging from enthusiastic (as Joanie did with stars in Figure 12) to very reticent. Most
participants were intrigued by the concept, as Joanie was, claiming that a device like this would help her
be more confident about her emotions. Other participants were curious to know what the device identified
as their emotions and how their feelings changed throughout the day.
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Fig. 12. Joanie wrote “need!!” among her stars of excitement for the Feel Emotion Sensor and Feel App.

However, many had concerns about a digital device attempting to access their emotional states, citing
doubts about the technology accurately sensing and classifying their emotions. Emily was “not interested
(in such a device). | don't know how they define and analyze heartbeats [and how it] would go into emotions.
I don't want someone to predict or analyze that part of the emotions [from] my body.” Another reason for
doubting emotion-sensing technology was the lack of confidence that a device could track all the minute
changes in biometrics and emotions, then relay that in a meaningful way to the person wearing it. Jack
raised an interesting perspective that “some people have nothingness (and the app) would literally be
showing blank.” Participants also noted that changes in biometrics, such as temperature, depends on the
context of the place they are in and who they are with. One participant shared that he has high blood
pressure and expressed doubt that the device could accurately discern the meaning of his biometrics. Due
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to these concerns, the majority of participants said that, if they used such a device, they would do so for
their own experimentation and keep the application private from even close family members.

In summary, the visual representations we showed to participants failed to capture the embodied
associations and expressions of emotions that they rely on in real life. The visual imagery and taxonomies
were not tailored to the emotional states, embodied experiences, and terminology that resonated with the
participants. To implement the strategies they have been taught, they need representations of emotions
that are discrete but also nuanced and that make strong connections with sensory states.

4.5 Recognizing Emotions of Others

Recognizing the emotions of other people involves perceiving emotional signals and then interpreting those
signals. A prominent sentiment among the participants was that they wished they could better understand
other people’s emotions. Kendall wished for a superpower to be a “mind reader to know people’s emotions.
[l could] hold up a phone to their face and it would tell me what their facial expression is and what their
emotion is.”

Recognizing emotions in others was not an all-or-nothing activity for many of our participants; rather,
they were more attuned to certain signals over other signals. Several participants noted that they were
more likely to notice and understand facial expressions over other emotional cues. Participants shared that
they tend to miss emotional signals that were “more subtle,” such as tone of voice and the particularities of
word choices. If they were unsure of how to interpret a non-verbal communication signal, some participants
would be, like Alana, “very direct in that way where | will ask, what’s happening here.” Kyle described a
recent conversation with his mother in which he could “tell she is sad when she’s crying. I get it...I was born
very slow. When she is crying, | feel like | hurt her feelings by accident...| do get why she’s crying, like she
can'’t let go of her son.” This example exemplifies the open communication in which the participant and his
mother are sharing an intense, emotional experience. We explore the phenomenon of the co-construction
of emotional experiences further in section 4.6.

4.5.1 Visual Representations of Emotions: Calibrating Interpretations of Emotions

The visual representation that prompted the most conversation about reading the emotions of others was
the facial expression image. Several participants noted that they have seen similarimages used in life skills
classes and at doctor appointments for “reassessment of disability.” Daniel articulated the key attributes he
noticed in the faces, saying, “I do associate joy with a smile, surprise with wide eyes, slack jaw...Sadness,
frowny face, | guess. Anger, baring teeth, low brow, yes. Disgust, scrunched back, yeah. And fear, wide-
eyed.”

Surprise Anger

Conbempt

Fig. 13. (a) A participant edited the facial expression image to indicate they agreed with the depictions of joy,
surprise, disgust, and fear, but not the other emotions. (b) A participant added tears to sadness and did not agree
with the expressions for disgust and fear.

Most participants had a strong reaction to the facial expression image, proclaiming that the expression
looked “comical’ and “over-exaggerated.” They were also not in consensus with the labels given to the
emotions. Some felt that sadness looked more angry than sad or needed tears to truly be sad (Figure 13).
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Many of the participants did not think the emotions of contempt and disgust were clear or necessary. Some
participants asked the interviewer for clarification of what contempt meant and even after hearing the
definition, did not resonate with that emotion. A few participants remarked on the unbalance of gender and
racial representations of the actors. They noted the need for full representation of gender, ages, and races
for all of the emotional states. Their responses demonstrated attention to patterns and tendencies to
systemize, which is a common trait of autistic individuals [4,73] as well as attention to social factors in
reading emotions. This perspective aligns with prior work, described in the Introduction and Background,
calling for fuller representation for gender and racial representation in emotion Al and other algorithmic
modeling.

4.6 Social Construction of Emotional Experiences

Last, we surface how emotional experiences are co-constructed in social relationships and include a
component of attending to emotional and sensory needs. These findings contribute empirical evidence of
the constructivist framing of emotions, which, as discussed in the Background section of this paper, posits
that emotional experiences are constructed within a given context, which includes the social context. Most
participants shared they were motivated to engage in social activities for their benefit (e.g., attending a
dance) and to support close family and friends (e.g., going to an art show). Participants described that
participating in social interactions is often heightened by an underlying emotional state of anxiety and stress.
Social interactions could be exasperated by sensory experiences, such as a ticking sound in the
background or a nearby hyperactive child that “overwhelms all of your senses.” Social interactions could
also be made uncomfortable due to a combination of sensory inputs and social pressures, such as being
surrounded by people who want to talk with you. Participants were particularly aware of when their sensory
and emotional needs were different than their close family, as conveyed by Alana:

“I just felt extremely alone even inside my family, and so that's another tough spot, because — sorry.
[tearful] They would say things like oh, she's antisocial and | didn't know what it was. But | would
literally go to a family function and just go to a room by myself with a book, and | would be fine. |
didn't think anything of it, because | was happy. But to them | guess it was offensive or oftentimes |
wouldn't speak, | wouldn't say hello or things like that. They would get upset.”

Participants also expressed discomfort due to being questioned by strangers. For example, Kendall
described rocking and enjoying the music at a rave when organizers approached her, shined a flashlight in
her eyes, and asked her if she was ok. Kendall perceived that they thought she may have been on drugs
so she “came out. | told them | am autistic. I'm fine.” Kendell felt embarrassed and anxious and left the
event. As participants had experiences like Kendall's, they anticipated misunderstandings for future
interactions and some took steps to mitigate potential confrontations. For example, Alec shared that he
experienced sensory overload and stress when flying,

“l always have an autism card on me, | give it to the passenger next to me and also the flight attendant as well
so that they know that | have autism. And it's served me very well because, in the past, air travel didn't go very
well when | was younger because | became panicked and afraid of air travel.”

Writing as a communication strategy also resonated with other participants including Alana. When she
was in a series of arguments with a close family member, she felt communication was “better in writing.
That way emotions don't get too high. When we're talking face to face, it's not good. So oftentimes we'll text
or sometimes I'll write a letter.” Some participants expressed explicit ways they wished they could influence
others' emotions and behaviors during social interactions. For instance, when describing conflicts he
experiences with parents and teachers, Chase expressed that he wished he had ‘ice powers. | would ice
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their mouths. I'd keep people | don't like away from me. Freeze them out...Not in a negative way — more
like a positive way; a fun way.” In a similar vein of keeping negativity at a distance, David was bothered
that, “whenever someone tells me about how their day went, it's usually negative. | want to be positive and
for them fo be positive, too.” By these actions, participants attempted to predict and impact the social-
emotional experiences of other people. These insights add to the potential role of affective computing in
not just reflective affective states, but actively shaping affective experiences.

4.6.1 Visual Representations of Emotions: Emotional Signals Between Social Partners

The notion of how emotional experiences are socially constructed raises the issue of functionally similar
vocabularies. Differences in vocabulary or variations of interpretation among people can add to the difficulty
in establishing a mutual understanding of emotions. This can be especially relevant for autistic individuals
since “63% of children with ASD meet criteria for a language disorder and even those with large
vocabularies and strong verbal abilities often struggle to communicate their emotional struggles and
experiences to others” [45:3476]. Consistent with this tendency, during the visual representation of emotion
activities participants regularly asked for definitions of descriptors (e.g., contempt, discerning) in the feeling
wheel and the facial expression images.

Facial expressions, such as those in our visual representation, also did not resonate with all of our
participants as predictable means of either expressing or perceiving emotions. Some participants described
situations in which people questioned them about their emotions based on their facial expressions, which
in turn created a feedback loop in which they were then uncomfortable for being questioned. A fairly
common experience for the participants was that other people interpreted their baseline facial expressions
as negative when the participants were actually feeling neutral. As Sarah shared, while looking at the facial
expressions image,

“I don't always show these facial expressions when | have a feeling. I feel like | usually have a
pretty blank expression. | will smile and laugh when I'm happy... but | don't think | make these faces
all the time when I'm having these feelings...I notice that I tend to have the facial lines of sadness
when I'm just neutral or when I'm concentrating...My concentration face looks sad, and I've often
had people come up to me and say that | look sad.”

In terms of reading emotions, they also do not always attend to faces due to sensory and social overload,
as found in other research [96]. When they do attend to faces, the participants' interpretation of facial
expressions varied widely during our visual activity. In essence, based on the participants’ engagement
with the facial expression image, the emotional signals between participants and their social partner would
be ascribed different meanings by each person. This misalignment led to feeling emotionally disconnected
from their social partners and having misunderstandings during communication and coordination activities.

5 DISCUSSION

Our study demonstrates that autistic young adults have complex, layered, and situated emotional
experiences that are influenced by (1) their internal sense of self, and (2) their perceptions of external—
social and physical—worlds. Our findings provide empirical examples of the ways that these experiences
are built from a combination of social, emotional, sensory, and technological factors. In our discussion, we
situate our findings within knowledge about autistic adults pertaining to affective, socio-technical
phenomena. We present a tool for charting affective computing design, which we term a social-emotional-
sensory design map.
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5.1 Affective Phenomena in Autistic Young Adults

Autism is typically characterized in terms of ‘emotional deficit.” However, our participants described ways
that they think about their own emotions, seek to learn how to recognize emotions in others, and practice
expressing affective responses. At the same time, other participants discussed how it is difficult to know
what they are feeling and described not having rich access to their emotions. As to the question of whether
participants experience discrete emotions or a combination, participants described emotions in a variety of
ways that do not fit neatly into one emotional theory or another. The notion of six basic emotions did not
resonate with our participants, neither in number nor categories of emotions. Some participants described
how they primarily feel positive emotions, others felt more negative emotions, and yet others described
their primary emotional state was neutral. The diversity of participants’ access to their own emotions
resonates with aspects of alexithymia, and on the other hand, shows alternative routes and areas of
sensitivity to, and interest about, emotions.

As young adults, their emotional experiences are poignantly rooted in their childhood experiences and,
for those living with parents, are tightly integrated with their family. Many participants experienced traumatic
events such as bullying and abuse, which result in long-standing emotional strain on individuals, consistent
with other reports of trauma in the autism population [45]. The formative childhood emotional experiences
of autistic adults, coupled with ongoing impacts of navigating social worlds centered on neurotypical social
norms, contributed to an underlying sense of stress in the face of emotional situations and a desire to
establish protective boundaries. Our work adds insight into the effects of exposure to traumatic events for
autistic individuals, effects that are not well understood [38]. Participants relayed that trauma had influenced
them to hide and dampen their emotions, tendencies to shut down, and the desire to avoid overly-emotional
situations. In extreme situations, participants talked about how traumatic events in their past have
influenced their desire to create rich internal, imaginative worlds.

Barrett's emotion theoretical framework of constructed emotions [5] informs the meaning of our findings.
Our participants’ emotional experiences were constructed in-the-moment as they anticipate, engage, and
reflect upon social interactions. Their memories of experiences were sometimes crisp and visceral, and at
other times, unclear as they pieced together the social, temporal, and embodied aspects of the interactions.
For example, during social engagements, they focused on the activities that felt most comfortable to them,
responded in their particular emotional style, and took social and sensory breaks when they needed them.
However, the impact of these actions is dependent on the emotional and configurations of social
engagements. They tried to mitigate social discomfort for themselves and others by employing diverse
tactics, including distributing ‘autism cards’ and avoiding overstimulating crowds. The resulting social
dynamics varied widely, with participants recalling situations in which they felt misunderstood and placed
in the position of being different and ‘othered’ by family, friends, and strangers.

Our findings contribute knowledge about autistic adults to recent autism research on children highlighting
connections between typical autism characteristics, such as research examining sensory over-responsivity,
repetitive behavior, and emotional functioning [41]. Some participants readily recalled distinct connections
between emotions and bodily sensations, thus, aligning with theories of embodied emotions and research
into modeling emotions in affective computing. Some participants certainly wanted the opportunity to use
wearable devices that identified their emotions as a mechanism for them to validate their emotions with
themselves and others. More research is needed in this area to further understand the commonalities and
differences between physiological affective phenomenon, and collaboration between neuroscientists and
technologies to integrate findings from neuroscience about known differences.

Sengers calls for designers to reconsider typical approaches to affect in computing, which typically result
in “inadvertently disenchant[ing] affective experience, rendering it explainable and categorical, and, in the
process, reducing its richness to the simple kinds of categories available to a computer” [81:348]. The
emotional experiences shared by our participants reflect more enchantment, using Sengers’ term, than
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given credit for in traditional autism literature. Given (1) the diversity of emotional experiences described by
participants and (2) consistent themes in our data, including the communicative roles of embodiment,
socially dependent contexts, and technology, our research indicates that there is value in developing
models of affective phenomenon experienced by neurodiverse users. However, these models need to be
nuanced and flexible. There is an inherent conundrum in attempting to universally, definitively categorize
affective phenomena that is centered in diverse individuals and dynamic social groups. Hence, rather than
claiming to delineate a framework, model, or stable design space, we offer a design map to help creators
of affective computing systems identify, weigh, and prioritize different socio-technical dimensions of
emotional experiences in communicative contexts.

5.2 Role of Technology and Media in Emotional Experiences of Autistic Adults

Participants made use of media-based technology, crafting their socio-technical toolset to both learn about
emotions and to support their engagement with emotions in social contexts. Our findings build upon those
of Alper in her study of autistic children and their use of media for sensory and emotional processing [1].
Technology and media use bridged the complex emotional lives of participants, which they sometimes
guarded even from close family. We noted contrasting relationships with technology. At times, technology
use involved conflicts with family and feelings of depression, anxiety, boredom, and stress. At other times,
participants used technology and media as tools to bolster positive emotions and handle negative emotions
and sensory sensitivities.

For autistic adults, the media and technology use was negotiated within the context of a family with an
emerging adult. Thus, the young autistic adults were advocating for more autonomy and independence,
striving to establish new boundaries regarding media and technology use. We found that autistic adults use
technology and media as tools for engaging in activities they perceive as safe and bounded, which gives
them a sense of security in its familiarity and predictability. This can take the form of re-watching a beloved
movie to using an airplane flight tracker to provide up-to-the-minute information about their flight. When
viewed within the context of trauma stress, these behaviors and the desire for security and predictability
take on increased significance. Their coping strategies of immersing themselves in technology use and
choosing when to disclose or reveal their emotions could be reframed as healthy, strategic moves similar
to emergency room personnel’s concealment of emotions for workplace norms [57].

All of our participants had been exposed to affective therapy and education. Emotion-related therapeutic
strategies in autism typically use visual aids and computer applications that use visual representations of
emotions [31,88]. We found that participants found these visual representations of emotions limiting
because (1) the images did not adequately represent the emotional states that were most relevant to them,
(2) the textual and visual taxonomies of the images did not match their mental models of emotions. It is
important to note that this issue around language is not just one about language impairments. It is a
fundamental issue with how humans connect to emotional states since “there is no way to ensure a
consistent link between internal experience and the language or terminology to describe it” [57:42]. Further
research should examine the use of language and vocabulary in affective computing when engaging with
neurodivergent and other populations.

5.3 Social-Emotional-Sensory Design Map for Affective Computing

Given these technology practices and what we learned about challenges with affective systems, we argue
that affective computing design would be enriched by examining the intersection of social, emotional, and
sensory experiences of autistic individuals. To formalize this examination, we present a social-emotional-
sensory design map, depicted in Figure 14.
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Fig. 14. Social-Emotional-Sensory design map for affective computing. ©A. Zolyomi and J.Snyder.

By using the concept of a map, we point designers and researchers towards a rich site of exploration.
We offer the term ‘design map’ as an alternative to other conceptual design frameworks, such as ‘design
domain’ or ‘design space.” The urban planner and educator, Schén, advocated for reflective design
practices and defined design domains as rich descriptions of particular design settings in terms of concepts,
words, language, and notation [80]. A design domain typically represents a set of normalized and
concretized practices, resulting from a formalization of a set of design problems and stakeholder groups.
Similarly, a design space is a tool for design teams, often in technology and product design, that scopes a
design exploration (e.g., [14]. The dimensions of a design space are commonly bounded by (1) a limited
number of dimensions, often depicted on a grid, and (2) the priorities and technology afforded to the product
development team. In contrast, we use the term design map to describe a tool to be used to navigate a
dynamic, non-normative, or less clearly delineated problem space. By depicting a set of influences with
varying impact on a design space, a design map does not represent an unequivocal definition, but rather
captures a set of sliding measures to be considered during the design process. Similar to an equalizer or
mixing board, we offer this tool as a means for designers to visualize the ways in which social, emotional,
sensory, and technological factors impact the space in which they are working.

The phenomena pointed to by the social-emotional-sensory design map are not set in stone, but rather,
are dynamic, emerging from current experiences, perceptions, and activities of people—in our case, autistic
adults. The social-emotional-sensory map has several key aspects: (1) emotional landscapes of individuals
and groups, (2) communicative practices and social norms enacted by the group, and (3) sensations,
constraints, and opportunities presented by the physical infrastructure and environment. The setting occurs
in a particular environment (virtual, real-life, augmented) at a particular time and place. The design map is
viewed within the lens of the social model of disability. Thus, the map is embedded within an individuals’
lived experiences with disability and barriers imposed by society and infrastructure.

This design map moves the focus of affective computing from the classical goal of segmenting and
classifying the emotional experiences of an individual to creating constructed, personalized models of
emotional experiences. The social-emotional-sensory design map acknowledges people who experience
emotions in different ways, creating an alternative to affective computing systems that presuppose or dictate
normative measures and representations of emotion. Normative measures are a means to, as described
by Sengers, “inadvertently disenchant affective experience, rendering it explainable and categorical, and,
in the process, reducing its richness to the simple kinds of categories available to a computer” [81:348].
The design map reimagines the connections between mind-body-emotions, allowing for unique expressions
of interoception, including those that experience disconnections and mixed signals.
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To see how the design map supports this shift, let us construct an imagined affective wearable device
designed according to this approach. Our imagined affective wearable device is a fictional alternative to
currently available wearable devices that show pre-determined emotional states through a daily log
populated with emojis. In contrast, our imagined wearable device situates an emotion event within a
particular location, timeframe, and social activity. Our imagined affective wearable device scaffolds
interpretation of affective experiences. Prior affective computing research has highlighted the importance
of co-interpretation of affect, which our work supports, although prior work has focused on joint
interpretation between humans and machines [81]. In contrast, our work highlights the importance of
emotional co-construction within a social group. Importantly, this act of co-construction applies not only to
the present interaction but interpretations of past experiences and anticipation of future ones. Therefore,
our imagined affective wearable device would help the wearer make connections between patterns of
social-emotional-sensory experiences. The device could support the wearer in working through emotional
experiences that they view as difficult, rather than the device automatically classifying experiences as
positive or negative. An extension to the wearable could be an application that scaffolds verbal, such as
scripts or prompts, and non-verbal communication according to the preferences and strengths of members
of the social group. The design map also allows for the reconstruction and reconfiguration of emotional
experiences through individual and shared memory, which can be aided by affective technology. Some
technologies have considered ways to support the recall of emotional memories [56]. Our imagined affective
computing device would be an emotionally-supportive tool for autistic adults as they recall and anticipate
social-emotional experiences.

Given the potential pervasiveness and opaqueness of affective computing, individuals unknowingly
engage with affective computing, such as on social media. Similar to our participants’ concerns about
privacy, agency, and potential harm of these systems, the general population has been found to want these
systems to be more accountable to their concerns and values [3]. As highlighted by Andalibi and Buss,
when emotional information is encoded, stored, and shared by affective computing systems, we must
recognize that emotional data is highly sensitive. There is a risk to autistic individuals, as a marginalized
population, to be targeted for emotional manipulation and exploitation. Further research is needed to
explore protections to emotional data and experiences of autistic and other vulnerable populations.

5.4 Limitations and Future Work

Our work does not represent the full diversity of the community of autistic young adults. For instance, all
participants in our research communicate verbally, thus our work does not include the perspectives of
autistic individuals who are non-verbal. Future work could explore the emotional experiences and
communication of non-verbal autistic individuals, including those who use augmentative communication
tools. To deepen our understanding of language in connection to emotions, future work could examine the
vocabulary, metaphors, etc., that is available to verbal, non-verbal, and autistic individuals who experience
selective mutism [89].

Another methodological limitation is that we selected four specific visual representations of emotions
based on criteria regarding source (autism therapy and affective computing) and realism (realistic to
iconographic). There is a range of images that could have been chosen meeting these criteria, or the criteria
could be altered for another dimension, such as gender and race matching that of the participant. Future
work could select other specific images or alter the selection criteria, which may result in different insights
from the participants.

Since we centered on understanding the lived experiences of autistic adults, our work thus far did not
include observations or interviews with non-autistic members of neurodiverse social groups. In the next
phase of our research, we will interview trusted social partners of autistic adults to gain a more holistic
perspective on the co-constructed nature of emotional experiences. We acknowledge that our social-
emotional-sensory design map is emergent, and as is the nature of maps, is not the actual territory. We
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resist “reifying the map as unitary, fixed, coherent, or encompassing of all aspects of the territory” [25:174].
Therefore, to further explore, and apply our social-emotional-sensory design map, we will conduct
participatory design and technology appropriation with autistic adults according to the grounded design
paradigm.

6 CONCLUSION

Our research provides empirical evidence that the affective experiences of autistic young adults can diverge
sharply from the theoretical, computational, and visual models encoded in therapy, media, and affective
computing systems. We found that technology influences the ways in which autistic individuals learn about,
emulate, and enact affective responses and emotional states. We argue that, by examining the embodied
and co-constructed nature of emotions, affective computing would more richly support the affective
experiences of autistic adults, and other marginalized groups perceived as having non-normative emotional
experiences due to communication, cognitive, and cultural differences, including people with aphasia or
dementia.. We contribute a social-emotional-sensory design map that formalizes the examination of the
embodied and co-constructed phenomenon of neurodiverse social groups. In practice, applying the design
map for affective computing carries with it a commitment to design affective computing that explicitly
supports diverse, non-normative expressions and perceptions of emotion. The design should account for
ethical considerations to protect privacy, vulnerabilities, and disclosure, especially given that the data is
even more vulnerable because it captures personal, emotional states and information about location, social
groups, and infrastructure. Our work is a step towards making affective computing more inclusive and
enchanted—and critically, not introducing harm—by accounting for situated and embodied emotional
experiences of autistic individuals.

ACKNOWLEDGMENTS
We thank our participants and community members for sharing their experiences and insights with us.

REFERENCES

1. Meryl Alper. 2018. Inclusive sensory ethnography: Studying new media and neurodiversity in everyday life. New
Media & Society 20, 10: 3560-3579. https://doi.org/10.1177/1461444818755394

2. American Psychiatric Association. 2013. Diagnostic and Statistical Manual of Mental Disorders (5th ed.).

3. Nazanin Andalibi and Justin Buss. 2020. The Human in Emotion Recognition on Social Media: Attitudes,
Outcomes, Risks. In Proceedings of the 2020 CHI Conference on Human Factors in Computing Systems, 16.
https://doi.org/10.1145/3313831.3376680

4. Simon Baron-Cohen, Emma Ashwin, Chris Ashwin, Teresa Tavassoli, and Bhismadev Chakrabarti. 2009. Talent

in autism: hyper-systemizing, hyper-attention to detail and sensory hypersensitivity. Philosophical Transactions of

the Royal Society B: Biological Sciences 364, 1522: 1377—1383. https://doi.org/10.1098/rstb.2008.0337

Lisa Feldman Barrett. 2017. How Emotions Are Made: The Secret Life of the Brain. Mariner Books.

Karin Barron. 1999. Ethics in qualitative social research on marginalized groups. Scandinavian Journal of

Disability Research 1, 1: 38—49. https://doi.org/10.1080/15017419909510736

7. Laura Benton, Asimina Vasalou, Rilla Khaled, Hilary Johnson, and Daniel Gooch. 2014. Diversity for design: a
framework for involving neurodiverse children in the technology design process. In Proceedings of the SIGCHI
Conference on Human Factors in Computing Systems, 3747-3756. https://doi.org/10.1145/2556288.2557244

8. Mariana Aparicio Betancourt, Laura S. Dethorne, Karrie Karahalios, and Jennifer G. Kim. 2017. Skin Conductance
as an In Situ Marker for Emotional Arousal in Children with Neurodevelopmental Communication Impairments:
Methodological Considerations and Clinical Implications. ACM Transactions on Accessible Computing 9, 3: 1-29.
https://doi.org/10.1145/3035536

9. LouAnne E. Boyd, Alejandro Rangel, Helen Tomimbang, Andrea Conejo-Toledo, Kanika Patel, Monica Tentori,
and Gillian R. Hayes. 2016. SayWAT: Augmenting Face-to-Face Conversations for Adults with Autism. In
Proceedings of the 2016 CHI Conference on Human Factors in Computing Systems - CHI "16, 4872—4883.
https://doi.org/10.1145/2858036.2858215

10.Maria Brincker and Elizabeth B. Torres. 2013. Noise from the periphery in autism. Frontiers in Integrative
Neuroscience 7. https://doi.org/10.3389/fnint.2013.00034

oo

PACM on Human-Computer Interaction, Vol. 5, No. CSCW1, Article 77, Publication date: April 2021.



77:30 Zolyomi and Snyder

11.Audrey F. Burgess and Steven E. Gutstein. 2007. Quality of Life for People with Autism: Raising the Standard for
Evaluating Successful Outcomes. Child and Adolescent Mental Health 12, 2: 80—86.
https://doi.org/10.1111/j.1475-3588.2006.00432.x

12.Moira Burke, Robert Kraut, and Diane Williams. 2010. Social Use of Computer-Mediated Communication by
Adults on the Autism Spectrum. In Proceedings of the ACM Conference on Computer Supported Cooperative
Work (CSCW ’10) (CSCW ’10), 425—-434. https://doi.org/10.1145/1718918.1718991

13.M. Catherine Cappadocia, Jonathan A. Weiss, and Debra Pepler. 2012. Bullying Experiences Among Children
and Youth with Autism Spectrum Disorders. J Autism Dev Disord 42: 266-277.

14.Stuart K Card, Jock D Muckinlay, and George G Robertson. 1990. The Design Space of Input Devices. ACM
CHI ’90: Proceedings of the SIGCHI Conference on Human Factors in Computing Systems: 117-124.

15.Elizabeth J. Carter, Jennifer Hyde, Diane L. Williams, and Jessica K. Hodgins. 2016. Investigating the Influence of
Avatar Facial Characteristics on the Social Behaviors of Children with Autism. In Proceedings of the 2016 CHI
Conference on Human Factors in Computing Systems - CHI ’16, 140-151.
https://doi.org/10.1145/2858036.2858345

16.K. Conallen and P. Reed. 2017. Children with autism spectrum disorder: teaching conversation involving feelings
about events. Journal of Intellectual Disability Research 61, 3: 279-291. https://doi.org/10.1111/jir.12339

17.Joyce Davidson and Michael Orsini. 2010. The place of emotions in critical autism studies. Emotion, Space and
Society 3, 2: 131-133. https://doi.org/10.1016/j.emospa.2010.10.005

18.Richard J. Davidson, Klaus R. Scherer, and H. Hill Goldsmith (eds.). 2002. Handbook of Affective Sciences.
Oxford University Press.

19.Hanne De Jaegher. 2013. Embodiment and sense-making in autism. Frontiers in Integrative Neuroscience 7.
https://doi.org/10.3389/fnint.2013.00015

20.Sarah Dettmer, Richard L. Simpson, Brenda Smith Myles, and Jennifer B. Ganz. 2000. The use of visual supports
to facilitate transitions of students with autism. Focus on Autism and Other Developmental Disabilities 15, 3: 163—
169.

21.Vailt Dieter. 1996. Interoception.

22.Paul Dourish. 2006. Implications for design. In Proceedings of the SIGCHI conference on Human Factors in
computing systems, 541-550.

23.Paul Ekman. 1999. Basic Emotions. In Handbook of Cognition and Emotion. John Wiley & Sons Ltd, 45-60.

24.Mike Elgan. 2019. What happens when cars get emotional? Fast Company. Retrieved September 10, 2020 from
https://www.fastcompany.com/90368804/emotion-sensing-cars-promise-to-make-our-roads-much-safer

25.Laura L. Ellingson. 2017. Speaking Of/For Bodies: Embodying Representation. In Embodiment in Qualitative
Research. Routledge, 167—187.

26.Angela Fessl, Veronica Rivera-Pelayo, Viktoria Pammer, and Simone Braun. 2012. Mood tracking in virtual
meetings. 21st century learning for 21st century skills: 377—382.

27.Klaus Fiedler and Susanne Beier. 2013. Affect and Cognitive Processes in Educational Contexts. In International
Handbook of Emotions in Education. Routledge. https://doi.org/10.4324/9780203148211.ch3

28.Peter Francis, Sandrine Balbo, and Lucy Firth. 2009. Towards co-design with users who have autism spectrum
disorders. Universal Access in the Information Society 8, 3: 123-135. https://doi.org/10.1007/s10209-008-0143-y

29.Katharina S. Goerlich. 2018. The Multifaceted Nature of Alexithymia — A Neuroscientific Perspective. Frontiers in
Psychology 9: 1614. https://doi.org/10.3389/fpsyg.2018.01614

30.Matthew S. Goodwin, Stephen S. Intille, Wayne F. Velicer, and June Groden. 2008. Sensor-enabled detection of
stereotypical motor movements in persons with autism spectrum disorder. In Proceedings of the 7th international
conference on Interaction design and children, 109-112.

31.0uriel Grynszpan, Jean-Claude Martin, and Jacqueline Nadel. 2005. Human computer interfaces for autism:
assessing the influence of task assignment and output modalities. 1419-1422.
https://doi.org/10.1145/1056808.1056931

32.0uriel Grynszpan, Patrice L. Weiss, Fernando Perez-Diaz, and Eynat Gal. 2014. Innovative technology-based
interventions for autism spectrum disorders: a meta-analysis. Autism 18, 4: 346-361.

33.Jennifer Fong Ha and Nancy Longnecker. 2010. Doctor-Patient Communication: A Review. The Ochsner Journal
10, 1: 38—43.

34.David Hankerson, Andrea R. Marshall, Jennifer Booker, Houda El Mimouni, Imani Walker, and Jennifer A. Rode.
2016. Does Technology Have Race? In Proceedings of the 2016 CHI Conference Extended Abstracts on Human
Factors in Computing Systems - CHI EA 16, 473—486. https://doi.org/10.1145/2851581.2892578

35.Gillian R. Hayes, V. Erick Custodio, Oliver L. Haimson, Kathy Nguyen, Kathryn E. Ringland, Rachel Rose Ulgado,
Aaron Waterhouse, and Rachel Weiner. 2015. Mobile video modeling for employment interviews for individuals
with autism. Journal of Vocational Rehabilitation 43, 3: 275—-287. https://doi.org/10.3233/JVR-150775

36.Gillian R. Hayes, Sen Hirano, Gabriela Marcu, Mohamad Monibi, David H. Nguyen, and Michael Yeganyan. 2010.
Interactive visual supports for children with autism. Personal and Ubiquitous Computing 14, 7: 663—-680.
https://doi.org/10.1007/s00779-010-0294-8



Social-Emotional-Sensory Design Map for Affective Computing Informed by Neurodivergent Experiences 77:31

37.Hwajung Hong, Jennifer G. Kim, Gregory D. Abowd, and Rosa I. Arriaga. 2012. SocialMirror: motivating young
adults with autism to practice life skills in a social world. In Proceedings of the ACM 2012 conference on Computer
Supported Cooperative Work, 41-42. https://doi.org/10.1145/2141512.2141533

38.Daniel W. Hoover. 2015. The Effects of Psychological Trauma on Children with Autism Spectrum Disorders: a
Research Review. Review Journal of Autism and Developmental Disorders 2, 3: 287-299.
https://doi.org/10.1007/s40489-015-0052-y

39.Ayanna Howard, Cha Zhang, and Eric Horvitz. 2017. Addressing bias in machine learning algorithms: A pilot study
on emotion recognition for intelligent systems. In 2017 IEEE Workshop on Advanced Robotics and its Social
Impacts (ARSQO), 1-7. https://doi.org/10.1109/ARS0.2017.8025197

40.Grace larocci and John McDonald. 2006. Sensory Integration and the Perceptual Experience of Persons with
Autism. Journal of Autism and Developmental Disorders 36, 1: 77-90. https://doi.org/10.1007/s10803-005-0044-3

41.Emily M. Istvan, Rose E. Nevill, and Micah O. Mazurek. 2020. Sensory over-responsivity, repetitive behavior, and
emotional functioning in boys with and without autism spectrum disorder. Research in Autism Spectrum Disorders
75: 101573. https://doi.org/10.1016/j.rasd.2020.101573

42.Myounghoon Jeon. 2017. Emotions in Driving. In Emotions and Affect in Human Factors and Human-Computer
Interaction. Elsevier.

43.R. E. Kaliouby, R. Picard, and S. Baron-Cohen. 2006. Affective Computing and Autism. Annals of the New York
Academy of Sciences 1093, 1: 228-248. https://doi.org/10.1196/annals.1382.016

44 .Harmanpreet Kaur, Alex C. Williams, Daniel McDuff, Mary Czerwinski, Jaime Teevan, and Shamsi T. Igbal. 2020.
Optimizing for Happiness and Productivity: Modeling Opportune Moments for Transitions and Breaks at Work. In
Proceedings of the 2020 CHI Conference on Human Factors in Computing Systems, 1-15.
https://doi.org/10.1145/3313831.3376817

45.Connor Morrow Kerns, Craig J. Newschaffer, and Steven J. Berkowitz. 2015. Traumatic Childhood Events and
Autism Spectrum Disorder. Journal of Autism and Developmental Disorders 45, 11: 3475-3486.
https://doi.org/10.1007/s10803-015-2392-y

46.0s Keyes. 2018. The Misgendering Machines: Trans/HCI Implications of Automatic Gender Recognition.
Proceedings of the ACM on Human-Computer Interaction 2(CSCW), CSCW: 1-22.
https://doi.org/10.1145/3274357

47.M. Mary Konstantareas and Kelly Stewart. 2006. Affect Regulation and Temperament in Children with Autism
Spectrum Disorder. Journal of Autism and Developmental Disorders 36, 2: 143-154.
https://doi.org/10.1007/s10803-005-0051-4

48.Adam D. I. Kramer, Jamie E. Guillory, and Jeffrey T. Hancock. 2014. Experimental evidence of massive-scale
emotional contagion through social networks. Proceedings of the National Academy of Sciences 111, 24: 8788—
8790. https://doi.org/10.1073/pnas.1320040111

49.Leah Kuypers. 2011. Zones of Regulation. Think Social Publishing.

50.Minha Lee, Sander Ackermans, Nena van As, Hanwen Chang, Enzo Lucas, and Wijnand |Jsselsteijn. 2019.
Caring for Vincent: A Chatbot for Self-Compassion. In Proceedings of the 2019 CHI Conference on Human
Factors in Computing Systems - CHI ’19, 1-13. https://doi.org/10.1145/3290605.3300932

51.Changchun Liu, Karla Conn, Nilanjan Sarkar, and Wendy Stone. 2008. Physiology-based affect recognition for
computer-assisted intervention of children with Autism Spectrum Disorder. International Journal of Human-
Computer Studies 66, 9: 662—677. https://doi.org/10.1016/j.ijhsc.2008.04.003

52.David Matsumoto and Hyi Sung Hwang. 2011. Reading facial expressions of emotion. American Psychological
Association. Retrieved May 27, 2020 from https://www.apa.org/science/about/psa/2011/05/facial-expressions

53.David Matsumoto, D Keltner, M.N. Shiota, M.G. Frank, and M. O’Sullivan. 2008. What’s in a face? Facial
expressions as signals of discrete emotions. In Handbook of emotions (3rd ed.), M. Lewis, J.M. Haviland and L.
Feldman Barrett (eds.). Guilford Press, New York, 211-234.

54.Carla A. Mazefsky and Susan W. White. 2014. Emotion Regulation. Child and Adolescent Psychiatric Clinics of
North America 23, 1: 15—-24. https://doi.org/10.1016/j.chc.2013.07.002

55.Micah O. Mazurek and Christopher R. Engelhardt. 2013. Video game use and problem behaviors in boys with
autism spectrum disorders. Research in Autism Spectrum Disorders 7, 2: 316-324.
https://doi.org/10.1016/j.rasd.2012.09.008

56.Daniel McDuff, Amy Karlson, Ashish Kapoor, Asta Roseway, and Mary Czerwinski. 2012. AffectAura: an intelligent
system for emotional memory. In CHI ’12: Proceedings of the SIGCHI Conference on Human Factors in
Computing Systems, 849-858. https://doi.org/10.1145/2207676.2208525

57.Helena M. Mentis, Madhu Reddy, and Mary Beth Rosson. 2013. Concealment of Emotion in an Emergency
Room: Expanding Design for Emotion Awareness. Computer Supported Cooperative Work (CSCW) 22, 1: 33-63.
https://doi.org/10.1007/s10606-012-9174-2

58.Microsoft. Emotion Class Microsoft.Azure.CognitiveServices.Vision.Face.Models) - Azure for .NET Developers.
Retrieved September 19, 2020 from https://docs.microsoft.com/en-
us/dotnet/api/microsoft.azure.cognitiveservices.vision.face.models.emotion

PACM on Human-Computer Interaction, Vol. 5, No. CSCW1, Article 77, Publication date: April 2021.



77:32 Zolyomi and Snyder

59.Bosiljka Milosavljevic, Virginia Carter Leno, Emily Simonoff, Gillian Baird, Andrew Pickles, Catherine R. G. Jones,
Catherine Erskine, Tony Charman, and Francesca Happé. 2016. Alexithymia in Adolescents with Autism
Spectrum Disorder: Its Relationship to Internalising Difficulties, Sensory Modulation and Social Cognition. Journal
of Autism and Developmental Disorders 46, 4. 1354—1367. https://doi.org/10.1007/s10803-015-2670-8

60.Robert R. Morris, Kareem Kouddous, Rohan Kshirsagar, and Stephen M. Schueller. 2018. Towards an Artificially
Empathic Conversational Agent for Mental Health Applications: System Design and User Perceptions. Journal of
Medical Internet Research 20, 6: e10148. https://doi.org/10.2196/10148

61.Christina Nicolaidis, Dora Raymaker, Katherine McDonald, Sebastian Dern, Elesia Ashkenazy, Cody Boisclair,
Scott Robertson, and Amanda Baggs. 2011. Collaboration Strategies in Nontraditional Community-Based
Participatory Research Partnerships: Lessons From an Academic—Community Partnership With Autistic Self-
Advocates. Progress in Community Health Partnerships: Research, Education, and Action 5, 2: 143—150.
https://doi.org/10.1353/cpr.2011.0022

62.Charles-Edouard Notredame, M. Morgiéve, F. Morel, S. Berrouiguet, J. Azé, and G. Vaiva. 2019. Distress,
Suicidality, and Affective Disorders at the Time of Social Networks. Current Psychiatry Reports 21, 10: 98.
https://doi.org/10.1007/s11920-019-1087-z

63.L. Nummenmaa, E. Glerean, R. Hari, and J. K. Hietanen. 2014. Bodily maps of emotions. Proceedings of the
National Academy of Sciences 111, 2: 646-651. https://doi.org/10.1073/pnas.1321664111

64.Kathleen O’Leary, Arpita Bhattacharya, Sean A. Munson, Jacob O. Wobbrock, and Wanda Pratt. 2017. Design
Opportunities for Mental Health Peer Support Technologies. In Proceedings of the ACM on Human-Computer
Interaction, CSCW, 1470-1484. https://doi.org/10.1145/2998181.2998349

65.John W. Payton, Dana M. Wardlaw, Patricia A. Graczyk, Michelle R. Bloodworth, Carolyn J. Tompsett, and Roger
P. Weissberg. 2000. Social and Emotional Learning: A Framework for Promoting Mental Health and Reducing
Risk Behavior in Children and Youth. Journal of School Health 70, 5: 179—-185. https://doi.org/10.1111/j.1746-
1561.2000.tb06468.x

66.R. W. Picard. 1995. Affective Computing. M.I.T. Media Laboratory Perceptual Computing Section Technical
Report No. 321.

67.Rosalind W. Picard. 2000. Affective Computing. MIT Press.

68.Jonathan Posner, James A. Russell, and Bradley S. Peterson. 2005. The circumplex model of affect: An
integrative approach to affective neuroscience, cognitive development, and psychopathology. Development and
Psychopathology 17, 03. https://doi.org/10.1017/S0954579405050340

69.Shaila M. Rao and Brenda Gagie. 2006. Learning through Seeing and Doing: Visual Supports for Children with
Autism. TEACHING Exceptional Children 38, 6: 26—-33. https://doi.org/10.1177/004005990603800604

70.Kathryn E. Ringland. 2019. A Place to Play: The (Dis)Abled Embodied Experience for Autistic Children in Online
Spaces. In Proceedings of the 2019 CHI Conference on Human Factors in Computing Systems - CHI 19, 1-14.
https://doi.org/10.1145/3290605.3300518

71.Kathryn E. Ringland, LouAnne Boyd, Heather Faucett, Amanda L.L. Cullen, and Gillian R. Hayes. 2017. Making in
Minecraft: A Means of Self-Expression for Youth with Autism. In Proceedings of the 2017 Conference on
Interaction Design and Children, 340-345. https://doi.org/10.1145/3078072.3079749

72.Kathryn E. Ringland, Christine T. Wolf, LouAnne E. Boyd, Mark S. Baldwin, and Gillian R. Hayes. 2016. Would
You Be Mine: Appropriating Minecraft as an Assistive Technology for Youth with Autism. 33—41.
https://doi.org/10.1145/2982142.2982172

73.Danielle Ropar and David Peebles. 2007. Sorting Preference in Children with Autism: The Dominance of Concrete
Features. Journal of Autism and Developmental Disorders 37, 2: 270-280. https://doi.org/10.1007/s10803-006-
0166-2

74.James A. Russell. 1980. A circumplex model of affect. Journal of Personality and Social Psychology 39, 6: 1161—
1178. https://doi.org/10.1037/h0077714

75.James A. Russell. 2003. Core affect and the psychological construction of emotion. Psychological Review 110, 1:
145-172. https://doi.org/10.1037/0033-295X.110.1.145

76.Carolyn Saarni. 1999. The Development of Emotional Competence. Guilford Press.

77.Johnny Saldafa. 2013. The coding manual for qualitative researchers. SAGE, Los Angeles.

78.Roseann C. Schaaf, Teal W. Benevides, Donna Kelly, and Zoe Mailloux-Maggio. 2012. Occupational therapy and
sensory integration for children with autism: a feasibility, safety, acceptability and fidelity study. Autism 16, 3: 321-
327. https://doi.org/10.1177/1362361311435157

79.Morgan Klaus Scheuerman, Jacob M. Paul, and Jed R. Brubaker. 2019. How Computers See Gender: An
Evaluation of Gender Classification in Commercial Facial Analysis Services. Proceedings of the ACM on Human-
Computer Interaction 3, CSCW: 1-33. https://doi.org/10.1145/3359246

80.Donald A. Schon. 1990. Educating the Reflective Practitioner: Toward a New Design for Teaching and Learning in
the Professions. Jossey-Bass, San Francisco.

81.Phoebe Sengers, Kirsten Boehner, Michael Mateas, and Geri Gay. 2008. The Disenchantment of Affect. Personal
Ubiquitous Comput. 12, 5: 347-358. https://doi.org/10.1007/s00779-007-0161-4

82.Sentio Solutions Inc. 2020. Feel Program. Retrieved May 27, 2020 from https://www.myfeel.co/feel-program



Social-Emotional-Sensory Design Map for Affective Computing Informed by Neurodivergent Experiences 77:33

83.Will Simm, Maria Angela Ferrario, Adrian Gradinar, and Jon Whittle. 2014. Prototyping “clasp”: implications for
designing digital technology for and with adults with autism. In Proceedings of the 2014 conference on Designing
interactive systems, 345—-354. https://doi.org/10.1145/2598510.2600880

84.Kenneth J. Smith. 2017. Achieving a better understanding of adult autism. Counseling Today. Retrieved May 27,
2020 from https://ct.counseling.org/2017/09/achieving-better-understanding-adult-autism/

85.Jaime Snyder. 2020. Visualizing Biological Rhythms: A Critical Visual Analysis of Mental Health in Flux. Proc of
the 2020 Designing Interactive Systems Conference (DIS 20).

86.Jaime Snyder, Mark Matthews, Jacqueline Chien, Pamara F. Chang, Emily Sun, Saeed Abdullah, and Geri Gay.
2015. MoodLight: Exploring Personal and Social Implications of Ambient Display of Biosensor Data. In
Proceedings of the 18th ACM Conference on Computer Supported Cooperative Work & Social Computing
(CSCW ’'15), 143-153. https://doi.org/10.1145/2675133.2675191

87.Jaime Snyder, Elizabeth Murnane, Caitie Lustig, and Stephen Voida. 2019. Visually Encoding the Lived
Experience of Bipolar Disorder. In Proceedings of the 2019 CHI Conference on Human Factors in Computing
Systems - CHI ’19, 1-14. https://doi.org/10.1145/3290605.3300363

88.Katta Spiel, Christopher Frauenberger, Os Keyes, and Geraldine Fitzpatrick. 2019. Agency of Autistic Children in
Technology Research—A Ciritical Literature Review. ACM Transactions on Computer-Human Interaction 26, 6: 1—
40. https://doi.org/10.1145/3344919

89.Hanna Steffenburg, Suzanne Steffenburg, Christopher Gillberg, and Eva Billstedt. 2018. Children with autism
spectrum disorders and selective mutism. Neuropsychiatric Disease and Treatment Volume 14: 1163—1169.
https://doi.org/10.2147/NDT.S154966

90.Katie Headrick Taylor, Lori Takeuchi, and Reed Stevens. 2018. Mapping the daily media round: novel methods for
understanding families’ mobile technology use. Learning, Media and Technology 43, 1: 70-84.
https://doi.org/10.1080/17439884.2017.1391286

91.Mirko Uljarevic and Antonia Hamilton. 2013. Recognition of Emotions in Autism: A Formal Meta-Analysis. Journal
of Autism and Developmental Disorders 43, 7: 1517—-1526. https://doi.org/10.1007/s10803-012-1695-5

92.Rafael Wampfler, Severin Klingler, Barbara Solenthaler, Victor R Schinazi, and Markus Gross. 2020. Affective
State Prediction Based on Semi-Supervised Learning from Smartphone Touch Data. In Proceedings of the 2020
CHI Conference on Human Factors in Computing Systems, 1-13.

93.Peter Washington, Dennis Wall, Catalin Voss, Aaron Kline, Nick Haber, Jena Daniels, Azar Fazel, Titas De, Carl
Feinstein, and Terry Winograd. 2017. SuperpowerGlass: A Wearable Aid for the At-Home Therapy of Children
with Autism. Proceedings of the ACM on Interactive, Mobile, Wearable and Ubiquitous Technologies 1, 3: 1-22.
https://doi.org/10.1145/3130977

94.Chih-Hung Wu, Yueh-Min Huang, and Jan-Pan Hwang. 2016. Review of affective computing in
education/learning: Trends and challenges: Advancements and trends of affective computing research. British
Journal of Educational Technology 47, 6: 1304—1323. https://doi.org/10.1111/bjet.12324

95.Volker Wulf, Volkmar Pipek, Dave Randall, Markus Rohde, Kjeld Schmidt, and Gunnar Stevens (eds.). 2018.
Socio-Informatics : A Practice-Based Perspective on the Design and Use of IT Artifacts. Oxford University Press,
Oxford, United Kingdom.

96.Annuska Zolyomi, Andrew Begel, Jennifer Frances Waldern, John Tang, Michael Barnett, Edward Cutrell, Daniel
McDuff, Sean Andrist, and Meredith Ringel Morris. 2019. Managing Stress: The Needs of Autistic Adults in Video
Calling. Proceedings of the ACM on Human-Computer Interaction 3, CSCW: 1-29.
https://doi.org/10.1145/3359236

97.2017. Simple Steps to Teach Teens with Autism Spectrum Disorder (ASD) to Effectively Communicate Emotions
— Part One | The Heritage Community. Retrieved September 20, 2020 from https://www.heritagertc.org/simple-
steps-teach-teens-autism-spectrum-disorder-asd-effectively-communicate-emotions-part-one/

98.Features list | Cloud Vision API. Google Cloud. Retrieved September 19, 2020 from
https://cloud.google.com/vision/docs/features-list

99.Report: Amazon Working on Human Emotion-Detecting Wearable. PCMAG. Retrieved September 19, 2020 from
https://www.pcmag.com/news/report-amazon-working-on-human-emotion-detecting-wearable

100. Academic Autism Spectrum Partnership in Research and Education (AASPIRE). Retrieved June 1, 2020 from
https://aaspire.org/

101. Brain Works. App Store. Retrieved September 10, 2020 from https://apps.apple.com/us/app/brain-
works/id524997517

Received June 2020; revised October 2020; accepted December 2020.

PACM on Human-Computer Interaction, Vol. 5, No. CSCW1, Article 77, Publication date: April 2021.



