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Pervasive symptoms in autistic individuals, such as facing more
frequent challenges in social situations, pose significant obstacles in
their pursuit of an independent life in adulthood. Although much
research has proposed computer-assisted programs (e.g., smart-
phone apps and VR-based systems), there is a significant lack of
systems designed for autistic adults and their independence, and
the preferences or characteristics of autistic individuals are not
carefully reflected in the design process. Thus, in my dissertation, I
focus on two requirements of autistic adults for supporting their
independence: (1) an independent and healthy lifestyle and (2) pos-
itive social skill practice. These requirements were externalized in
two gamified mobile apps (PuzzleWalk and RoutineAid) and two
VR-based systems (VISTA and V-DAT). My research aims to design
and develop mobile/VR systems and derive design guidelines to
support the independence of autistic adults.
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1 INTRODUCTION

Autism is a complex developmental condition involving social inter-
action challenges with specific patterns of repetitive behaviors [4].
According to a 2020 report by the Centers for Disease Control and
Prevention (CDC), approximately 1 in 36 children in the US are
estimated to have autism [26]. This number has been steadily in-
creasing over the past 20 years, and it is expected that this trend will
continue. For this reason, research on how to best support autistic
individuals ! has blossomed in the past two decades [15].

A growing body of computer-assisted programs has been pro-
posed to enhance the physical, emotional, and social well-being
of autistic individuals [19, 24]. In particular, smartphone-based
programs have proven effective in establishing and maintaining
healthy habits. These programs assist users in setting behavioral
goals, monitoring target behaviors, and planning actions in a timely
manner. More recently, VR content has been developed to support,
without the fear of social consequences that can be overwhelming
in real-life situations, self-help skills (e.g., activities of daily living

! use identity-first language due to a reported preference of autistic individuals [18]
and recent movement in academia [8].
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skills [1, 25, 30], driving [13], road crossing [29]) or social skills
(e.g., job interview [31], facial expression recognition [6, 12], and
social interaction [17, 28, 32]) that are necessary for one’s daily life.

However, autistic adults have not received similar attention when
compared to autistic children, and relatively little research on the
prognosis, outcomes, or effective interventions for autistic adults
has been conducted [11]. Many medical experts specializing in
autism (e.g., developmental pediatricians) stop seeing autistic indi-
viduals once they reach adulthood, and only few physicians receive
training to care for autistic adults [10]. The lack of attention in
research, treatment, and care could be one reason for the signif-
icantly poorer health and well-being of autistic adults [16]. The
majority of autistic individuals experience comorbid psychological
disorders, such as anxiety [4], and these disorders mainly occur
or worsen during the transition to adulthood, since many autistic
adults tend to face more frequent challenges in social situations
and lack the resources to successfully achieve their desires, such as
participation in employment and social relationships [7]. Recent
priorities in autism research [5] have highlighted the critical need
for more effective interventions for health conditions associated
with autistic adults in real-world settings [16, 33].

Moreover, the design and development of the existing computer-
assisted programs have been conducted with somewhat inadequate
consideration for autistic individuals. To develop a program suitable
for the autism population, it is necessary to involve more consid-
eration of characteristics such as preference for visual reasoning
processes and expected interfaces, as well as iterative discussions
with autism stakeholders (e.g., autism professionals involved in
diagnosis advice and support, autistic adults, and parents of autistic
children). According to key design guidelines for mobile/VR system
development for autistic individuals [2, 9], autism stakeholders’
input and considering autism characteristics into account is crucial
to the program’s usability, effectiveness, and sustainability.

To address this gap, in my dissertation, I focus on two require-
ments of autistic adults for supporting their independence — (1)
an independent and healthy lifestyle and (2) positive social
skill practice (Figure 1). These requirements were externalized
in four systems, with careful consideration of their preferences
and characteristics through iterative discussions with autism stake-
holders. Among them, two systems were designed to explore an
independent and healthy lifestyle as gamified smartphone apps: (1)
PuzzleWalk [23], a gamified smartphone app to promote physical
activity, and (2) RoutineAid [22], a gamified smartphone app de-
signed to break down daily routines into smaller steps and celebrate
the accomplishment of each. The others were designed to promote
positive social skills practice using VR technology: (3) VISTA [20], a
VR-based interactive social skills training system for autistic adults,
and (4) V-DAT [21], a web interface integrated with a pipeline for
handling and analyzing multimodal VR sensor data collected from
autistic adults.

2 [PLOS ONE’20] PUZZLEWALK: A GAMIFIED
APP TO PROMOTE PHYSICAL ACTIVITY

The first system designed to support the independence of autis-
tic adults is PuzzleWalk [23], a gamified app that reduces their
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Figure 2: PuzzleWalk, a gamified smartphone app to reduce
sedentary time and promote physical activity.

sedentary behavior. PuzzleWalk was developed through an iter-
ative design approach, integrating key aspects of user-centered
design, such as surveys, interviews, and prototyping, involving
autism stakeholders. The system development was guided by be-
havior change techniques (BCTs) including self-monitoring, visual
rewards, performance feedback, user instruction, and goal-setting,
along with gamification. PuzzleWalk incorporates a variety of user
interfaces that are both predictable and sustainable. These inter-
faces were specifically designed to cater to the preferences and
needs of autistic adults with cognitive function, based on insights
gathered from a series of design studies.

The primary objective of PuzzleWalk is to encourage physical
activity (PA) using mobile technology-driven behavior change in-
terventions. I employed walking as a means to operationalize PA
in autistic adults due to their below-average motor skills [3] and
higher susceptibility to obesity compared to the general popula-
tion [14]. PuzzleWalk was developed with the “spot the difference”
puzzles (Figure 2). Puzzle images consist of pictures of 100 cities
all over the world to incentivize users to increase and sustain PA
engagement. The design principle of PuzzleWalk is the conversion
between walking steps and puzzle-solving time. The accumulated
walking steps will automatically be converted to puzzle-solving
time so that users will be motivated to increase their walking steps
to solve more puzzles.

I recruited 18 participants to evaluate the perception of the use
and feasibility of this system and conducted a one-month field study.
Overall, the results of the usability evaluations indicate that Puzzle-
Walk was well-received by autistic adults, who found it engaging
and entertaining. The satisfactory usability increases the likelihood
that PuzzleWalk can be used as an effective PA intervention tool
for them. This system also reveals useful insights into the ongoing
challenges and facilitators of the mobile app-led physical activity
intervention, as well as important considerations for flexible and
technology-focused game and intervention design for autistic adults
focusing on visual communication, gamified motivation strategies,
and BCTs.

3 [CHI’23] ROUTINEAID: A GAMIFIED APP TO
MANAGE DAILY ROUTINES

RoutineAid [22] is a gamified smartphone app designed to break
down daily routines into smaller steps and celebrate the accomplish-
ment of each. Autistic adults can complete primary and secondary
daily routines, and develop four types of villages (physical activity,
eating, mindfulness, and sleep) by acquiring items and building
upgrades based on their routine quest progress (Figure 3). Further-
more, autistic adults can use the routine diary and the leaderboard
to track their daily progress and self-reflect. RoutineAid’s game-
play aims to help autistic adults independently manage their daily
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Figure 3: RoutineAid, a gamified smartphone app to explore
healthy daily routines. In (a) and (b), each building and item
is presented with the corresponding image and progress bar.

routines and understand the essential components of their own
healthy lifestyles.

To develop RoutineAid, I conducted a formative study involving
15 autism stakeholders (five autism professionals, five parents of
autistic children, and five autistic adults). Through this study, I
identified three challenges related to daily routine management
for autistic adults: (1) amplified anxiety caused by a broken rou-
tine during the Pandemic, (2) insufficient support to balance key
components of daily routines (e.g., physical activities, eating habits,
mindfulness, and sleep), and (3) frequent difficulties in planning con-
crete and actionable measures to sustain their routines. To address
these challenges, I formulated three design goals corresponding
to each challenge: (1) provide opportunities to explore and plan
appropriate life rhythms with visual narratives, (2) provide opportu-
nities to achieve sustainable key daily routine management, and (3)
provide opportunities to explore actionable daily routine planning.

Based on these design goals, I developed RoutineAid and con-
ducted a two-month field study of 10 autistic adults. The results of
the study highlighted that they showed high engagement through
micro-planning, strategically managing their daily tasks, reflecting
them in routine reports, and celebratory interactions. In addition,
these results provided researchers, designers, and developers with
insights (i.e., enhanced user engagement via visual elements of the
main screen, information-sharing support through a leaderboard,
and visual support via loss aversion) into how mobile technology
should be used and designed to help improve the daily lives of
autistic adults.

4 [VRST’22] VISTA: A VR INTERACTIVE
SOCIAL SKILLS TRAINING SYSTEM

VISTA [20], a VR-based interactive social skills training system for
autistic adults, is designed to reflect insights and feedback from
autistic professionals and stakeholders as well as to comply with
design guidelines for autistic adults [9]. VISTA provides training
content that puts autistic adults in an environment where they have
to understand a given scenario as barista assistants and interact
with others. In particular, one of VISTA’s key designs is to provide
training scenarios with incremental complexity that were consid-
ered effective training methods for autistic individuals and had not
been used in previous studies. In addition, VISTA was designed
to collect various types of sensor data (i.e., eye movement, head
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Figure 4: Experiment setting of VISTA. Depending on the
participant’s response, the researcher selects the response
type (only visible to the researcher), and the avatar (e.g., a
customer) shows the subsequent reaction.

movement, physiological signals, and voice) from autistic adults.
I carefully selected signals that could be collected unobtrusively,
taking into account their high sensitivity to wearing additional
devices.

The objectives of the user study were to (1) measure the effec-
tiveness of the design of VISTA on having autistic adults engage
in training and supporting them understand social situations and
feel confidence in social interactions; (2) investigate the difference
in sensory reactions between the two groups; and (3) discuss the
characteristics of autistic adults by comparing the results with those
of previous studies and presenting new insights identified in our
study.

The results of our study reveal three significant findings. First,
the autistic participants exhibited positive perceptions of their train-
ing experience and demonstrated an increase in self-efficacy after
being trained through VISTA. Second, though there were no signifi-
cant differences in the variation of sensor signals between autistic
and neurotypical participants at the beginning, the differences be-
came more prominent in most sensor signals as the complexity of
tasks in the scenarios increased. This indicates that VISTA’s design
is effective in increasing the engagement and immersiveness of
autistic participants. Lastly, our study findings were interpreted in
relation to previous studies, reaffirming the importance of some
key sensor signals while also identifying other signals that have
been somewhat neglected as indicators for understanding autistic
adults.

5 [UIST’23] V-DAT: VR DATA ANALYSIS TOOL

The last system designed to support the independence of autistic
adults is V-DAT [21], a web interface integrated with a pipeline for
handling and analyzing multimodal VR sensor data collected from
autistic adults (Figure 5). V-DAT has been developed to accommo-
date four primary types of data (i.e., head position and rotation, eye
movement, audio, and physiological signals) that are commonly
employed in previous studies focusing on autistic adults [6, 20, 28].
Beyond its role in facilitating the collection and storage of data,
V-DAT has been designed to support comprehensive visualization
and analysis of the collected data.

V-DAT is a web-based system integrated with pipelines to pro-
cess data collected from autistic adults. To support this, the pipeline
consists of two modules: (1) data collection considering different
collection methods for each sensor modality, and (2) data processing
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Figure 5: The V-DAT web interface for data visualizations,
which consists of two sections (left: training video, right:
visualizations). The timeline flag (yellow vertical line) on the
graph is synchronized with the video.

considering appropriate processing and synchronization methods
for each sensor modality of different data types. V-DAT’s web inter-
face synchronizes the data processed through the pipeline between
data forms and provides a visualization appropriate for each data
characteristic.

To examine how autistic adults can review and perceive their
training outcomes with autism professionals through V-DAT, I con-
ducted a user study of 20 autistic adults. I then interviewed five
autistic professionals for insight and advice on how V-DAT could
be employed in clinical sessions in hospitals or centers for autistic
adults. The study results revealed that V-DAT’s comprehensive vi-
sualizations considering the autism characteristics could be used to
provide potentially meaningful intervention or diagnostic support
for autistic adults.

6 FUTURE DIRECTIONS AND CONCLUSION

In my dissertation, I investigated the challenges to the indepen-
dence of autistic adults and the limitations of previous studies and
specified two requirements: (1) an independent and healthy lifestyle
and (2) positive social skill practice. Based on this, I designed and
developed four mobile/VR-based systems.

As a future direction, I aim to not only verify the effectiveness
of the systems developed through larger-scale or longitudinal user
studies but also to explore additional research opportunities. While
the number of participants and study duration in the conducted
studies are comparable to those of previous studies [17, 28, 29],
conducting larger-scale or longitudinal studies would also enable
data-driven analyses (e.g., user interaction patterns analysis), using
the collected logs and sensor data. Through this future research, I
expect to be able to provide more generalizable mobile/VR system
design guidelines that can support the independence of autistic
adults by expanding the design implications presented in my previ-
ous research.

Furthermore, I will employ the multimodal VR sensor data col-
lected from two systems (VISTA, V-DAT) that carefully reflect the
requirements of autistic adults and comply with the VR system
design guidelines for them [9], to develop deep learning models.
Recently, research on multimodal representation learning method-
ologies enables various downstream tasks, and prominent method-
ologies like CLIP [27] and TCL [34] have successfully performed
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zero-shot or few-shot tasks using limited data after representation
learning. Similarly, I will employ the model trained on benchmark
datasets as an encoder and retrain it on data from autistic adults
collected during VR training to develop a prediction model for
anxiety/tension displayed in social interaction situations. I expect
the VR systems equipped with the developed model will provide
autism professionals with a quantitative basis for better understand-
ing autistic adults and evaluating their training more effectively.

At the UIST Doctoral Symposium, I would love to discuss the
overall framing that ties together the main themes and objectives
surrounding the four introduced systems, as well as the feasibility
of future directions.
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