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Introduction: Autistic people face systemic barriers to fair employment. Informal 
learning may promote the self-determination transition-age autistic youth need 
to overcome and/or transform these barriers. This report focuses on the iterative 
process of developing video game design workshops guided by feedback from 
autistic students about instructional strategies they found engaging. This study is 
part of a three-year-long NSF-funded program of research that seeks to empower 
autistic youth to move toward successful careers by teaching educators how to 
more effectively guide them.

Methods: In the Summer of 2021, educators at an award-winning NYC-based, not-for-
profit, education program, Tech Kids Unlimited (TKU) collaborated with researchers, 
including autistic students, to iteratively develop and assess two online game design 
workshops for transition-age autistic youth. Participants selected which workshop 
they were available for (Workshop 1: n = 18; M age = 16.72  years; Workshop 2: n = 16; M 
age = 16.56  years). Students in Workshop 2  had more varied support needs and were 
less motivated to learn video game design than students in Workshop 1. Students 
completed assessments before and after each workshop and rated their interest in 
specific workshop activities after each activity. Guided by data from Workshop  1, 
we revised instructional strategies before conducting Workshop 2.

Results: We found little evidence for our hypothesis that attentional style would 
impact educational engagement. However, video game design self-efficacy 
and self-determination were often positively associated with engagement. Two 
industry speakers, one of whom was autistic, were among the highest-rated 
activities. As hypothesized, video game design self-efficacy and self-determination 
(and unexpectedly) spatial planning improved from pre- to post-test following 
Workshop 1. Despite our efforts to use what we learned in Workshop 1 to improve 
in Workshop 2, Workshop 2 did not lead to significant improvements in outcomes. 
However, students highlighted instructional strategies as a strength of Workshop 2 
more often than they had for Workshop 1. Educators highlighted the importance 
of group “temperature checks,” individualized check-ins, social–emotional 
support for students and educators, and fostering a positive atmosphere.
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Discussion: Findings suggest that interactive multimodal activities, stimulating 
discussions, and opportunities to engage with neurodivergent industry 
professionals may engage and empower diverse autistic youth.
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participatory, STEM—science technology engineering mathematics, autistic, youth, 
universal design (UD), engagement, self-efficacy, self-determination

Introduction

Autistic people around the world face systemic barriers to 
obtaining educational opportunities and jobs that are well-
matched to their skills and interests (e.g., Shattuck et al., 2012; 
Hedley et al., 2017; Frank et al., 2018; Black et al., 2020; Lallukka 
et al., 2020). Rather than empowering autistic young people to 
be agents of change in systems that are clearly broken, existing 
interventions for transition-age autistic youth often fail to 
provide opportunities for them to critique and shape even their 
own educational experiences (McDonald and Machalicek, 2013). 
Interventions tend to prioritize remediating difficulties, often 
overlooking the strengths of autistic young people, and rarely 
focus on helping autistic youth develop self-determination skills 
(Bottema-Beutel, 2023). This is surprising as self-determination, 
or the ability to act as a causal agent in one’s life, is a key predictor 
of educational and employment success for people with and 
without disabilities (Wehmeyer, 1992; Shogren et al., 2015; Burke 
et al., 2020).

While often conceptualized, as it is above, as a characteristic of 
individuals, the term self-determination was first used to describe 
collective advocacy for the right to shape community destinies, 
including by indigenous people and by people with disabilities 
(Ward and Meyer, 1999; Kuokkanen, 2019). In the late 1990s, an 
autistic-led self-determination movement, the neurodiversity 
movement, emerged (Ward and Meyer, 1999; Kapp, 2020). The 
neurodiversity movement challenges deficit-oriented 
conceptualizations of autism and reframes autism and other forms 
of neurodivergence as valuable minority identities that need no 
normalization. The neurodiversity movement initially spread 
largely online, fueled by a common, although certainly not 
universal, autistic proclivity for computing (Murray and Lesser, 
1999; Kapp et al., 2013; Gillespie-Lynch et al., 2014). In the current 
paper, we  explore informal, technology-focused education as a 
strategy to foster self-determination and other skills and attitudes 
that could help autistic young people transform themselves, their 
learning environments, and, potentially, society.

Consistent with the tenets of the neurodiversity movement, 
autism is associated with both difficulties (e.g., bidirectional 
miscommunications with non-autistic people; Milton, 2012) and 
strengths, including honesty, attention to detail, and the ability 
to recognize and create patterns (e.g., Mottron et al., 2006; Baron‐
Cohen, 2009; Cope and Remington, 2022).1 Even characteristics 

1  Of course, each autistic person is different, so it is important to not assume 

that a given autistic person will have a specific strength or difficulty (see Taylor 

et al., 2023, for further discussion of this issue).

defined as difficulties by the diagnostic criteria for autism can 
confer strengths. For example, focused interests have long been 
recognized as powerful motivators that can help autistic people 
develop expertise and achieve meaningful roles in society 
(Kanner, 1971; Grandin and Duffy, 2008; Boven, 2018; Zeldovich, 
2018). Opportunities to engage with one’s special interests may 
help autistic youth develop self-determination and other skills 
(Chen et al., 2022; Jones et al., 2023). However, formal education 
often provides insufficient opportunities for autistic people to 
engage with their interests (Patten Koenig and Hough 
Williams, 2017).

Mirroring the importance of the Internet for the early spread 
of the neurodiversity movement, informal, technology-focused 
educational programs have emerged as key spaces where autistic 
youth can learn self-determination and other skills that will help 
them succeed in adulthood (Dunn et al., 2015; Deiner et al., 2016; 
Lee et al., 2020; Martin et al., 2020; Begel et al., 2021; Chen et al., 
2022; Moster et al., 2022; Jones et al., 2023). Emerging evidence 
suggests that such programs can promote technology-related self-
efficacy, or autistic students’ beliefs in their ability to master 
technology-related goals. Whether programs can impact not only 
beliefs, but also tech and employment-related skills, such as 
computational thinking, remains an open question. 
Computational thinking (CT) is the ability to solve problems 
using abstraction, e.g., by creating models to solve problems in a 
way that a computer could carry out, running these models (with 
or without a computer), and revising the models to improve them 
(Ulrich Hoppe and Werneburg, 2019). CT has been identified as 
a key skill for autistic (and indeed all) students to learn as it 
provides a foundation for adaptation to diverse contexts, effective 
collaboration, and even social–emotional development (Oswald 
et al., 2023). However, clearly defined assessments of the potential 
impacts of informal, technology programs on the CT skills of 
autistic youth have, to our knowledge, not been conducted. 
Evidence that existing programs promote self-determination also 
remains weak, e.g., improvements in only one subdomain of a 
broader self-determination scale or isolated quotes suggesting 
improvements (Chen et  al., 2022; Jones et  al., 2023). Existing 
research has also neglected to attend to the original definition of 
self-determination described above, collaborative advocacy for 
community rights, as programs have either been developed 
without any input from autistic people or have been 
unconvincingly described as participatory (without providing 
any details about participatory processes).

In the research described in this report, researchers at CUNY and 
NYU, a participatory team of autistic students, and educators at an 
award-winning NYC-based, not-for-profit, informal, technology 
education program, Tech Kids Unlimited (TKU) sought to learn from 
autistic young people how to better engage them in informal, 
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technology-focused learning opportunities.2 Since 2009, TKU has 
been providing hands-on, project-based learning opportunities to 
youth with diverse disabilities in an informal out-of-school-time 
environment. The research described in this report represents the first 
set of summer workshops in a three-year NSF-funded program of 
research that seeks to help autistic youth move toward successful 
careers by helping educators more effectively guide them.

Informal learning and universal design: 
opportunities and challenges

Informal learning opportunities, like those offered at TKU, are 
increasingly recognized as invaluable for helping people with 
disabilities overcome pronounced underrepresentation in both 
Science, Technology, Engineering, and Math (STEM) and non-STEM 
fields (e.g., Melber and Brown, 2008; Burgstahler and Chang, 2014; 
Fisher, 2017; Wehman et al., 2020). Extracurricular programming may 
help youth develop employment-related skills through active 
exploration. Active planning is needed to ensure that extracurricular 
activities are engaging and accessible for all learners (Melber and 
Brown, 2008). Therefore, it is not surprising that Universal Design 
(UD), a theoretical framework that guides active planning of 
instruction, has been recommended to help students with disabilities 
overcome pronounced underrepresentation in STEM fields (Melber 
and Brown, 2008; Dunn et al., 2012; Moon et al., 2012).

The central insight of UD is that the burden of adaptation can 
be placed on curricula rather than on learners by developing flexible 
curricula that include multiple paths to represent content (options for 
perception, communication, and comprehension), multiple ways to 
act upon ideas (options for action, communication, and executive 
functions) and multiple ways to engage (options for recruiting/
sustaining interest and self-regulation; Rao and Meo, 2016; CAST, 
2018). The goal of Universal Design for Learning (UDL), a branch of 
UD, is to develop “expert learners” who are knowledgeable, strategic, 
and motivated. CAST provides 31 checkpoints to help instructors 
build curricula aligned with the principles of UDL.

Although UD is increasingly described as effective in publications 
and legislation, it has been neither sufficiently well-defined nor 
sufficiently well-evaluated to merit this claim (Smith et al., 2019). For 
example, limited research has examined a central claim of UD, that 
adaptations to support one type of learner (e.g., autistic students) are 
also beneficial for a different type of learner (e.g., students with 
ADHD; King-Sears et al., 2015; Ok et al., 2017). While one study 
showed that a UD curriculum promoting vocabulary acquisition 
using multimedia podcasts was beneficial for high school students 
with and without learning disabilities (Kennedy et al., 2014), another 
study found that middle school students with learning disabilities did 

2  Although our research seeks to build from some autistic students’ interest 

in video games to create engaging educational opportunities wherein autistic 

youth can develop employment-related attitudes and skills, we do not wish 

for our work to contribute to the misconception that all autistic people are 

drawn to STEM fields. Like all people, autistic people vary in their career 

interests; many autistic people are particularly drawn to the arts, education, 

and research (Cheriyan et al., 2021; Vincent and Ralston, 2023).

not demonstrate heightened learning from video games and text-
based curricular supplements that were designed to match UD 
checkpoints (Marino et al., 2014). Importantly, the design of Kennedy 
and colleagues’ effective multimedia curriculum was guided by 
principles of UD and Mayer (2008) design principles for 
multimedia instruction.

Mayer’s design principles, rooted in systematic assessments of 
students without known disabilities, are sometimes counterintuitive. 
For example, Mayer found that using animation and voice is more 
effective than each on its own, but adding text decreases effectiveness 
by distracting people. This finding suggests that the UD principle of 
providing multiple paths to representation might be tempered based 
on how modalities interact with one another and the attentional 
needs of specific learners. Early research in the field of computer-
assisted instruction revealed that motivationally-adapted instructional 
strategies, wherein the number of supports were aligned with the 
needs of students, were more effective at eliciting attention and 
motivation than instruction paired with all available supports or no 
extra supports (Song and Keller, 2001). Like Mayer’s work, this 
suggests that providing all available supports (as some interpretations 
of UD suggest) disadvantages some learners by distracting and/or 
annoying them. Our research expands upon these findings from youth 
without disabilities by examining if instructional redundancy 
increases engagement for autistic youth who experience 
difficulties focusing.

Autistic people vary greatly in their attentional skills. While 
autism is often associated with heightened focus, which can manifest 
as challenges shifting attention (Murray et al., 2005; Taurines et al., 
2012; Lawson et  al., 2015; Bradshaw et  al., 2022), autism also 
commonly co-occurs with ADHD, which is associated with difficulties 
focusing attention (Rong et al., 2021). These associations are further 
complicated by interest, as hyperfocus (or becoming completely 
absorbed in tasks one is interested in) is common in both autism and 
ADHD (Hupfeld et al., 2019; Ashinoff and Abu-Akel, 2021).

Emerging research suggests that attentional differences among 
autistic youth can impact their learning outcomes (e.g., May et al., 
2013; McDougal et  al., 2020). Researchers have speculated that 
attentional differences may intersect with instructional practices to 
impact how autistic youth engage with learning opportunities 
(Mallory and Keehn, 2021). However, very little research has examined 
how environmental factors, including instructional practices, 
contribute to autistic students’ engagement (Keen et al., 2016, 2021; 
McDougal et al., 2020). No research, to our knowledge, has examined 
our hypothesis that the degree to which different instructional 
practices are engaging for autistic students varies as a function of their 
attentional skills.

Our approach to evaluating this hypothesis is consistent with 
Mayer’s emphasis on the importance of a “two-way street” to designing 
curricula wherein adaptation is guided by theory and students’ 
responses. Although innovative, Mayer’s education principles were 
derived without a focus on students with disabilities. When the lead 
author (KGL) wrote Mayer to ask for access to his assessments, 
he informed us that his materials do not “run on today’s computers” 
but “I have been interested in seeing how the principles apply to 
learners with ADHD or autism, so I am glad to see that you are taking 
up that challenge” (email correspondence, 6/2019).

By examining how autistic youth respond to varied instructional 
modalities in our video game design workshops, we seek to develop 
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“diversity blueprints,” or instructional strategies designed to engage 
people who vary in their ability to focus. Although “diversity 
blueprints” prepare curricula to be truly accessible for varied learners, 
they are often missing from existing curricula. Indeed, Edyburn (2010; 
p. 36) stated, “I fear that the promise of UDL will not be achieved until 
we begin to focus on diversity blueprints…when designers assume 
that everyone is like them…the products they create will meet the 
needs of a narrow range of users.”

Given that it is difficult for people to understand the needs and 
perspectives of people who are different from them (Milton, 2012), 
participatory approaches, like the approach described in this report, 
may be essential for creating effective diversity blueprints for autistic 
students. Crucially, we  are not proposing to “retrofit” existing 
instructional strategies to “accommodate” youth with specific 
disabilities. Instead, we use student feedback to make instructional 
strategies increasingly engaging for youth with diverse attentional 
profiles and interests. This approach to assessing instructional 
strategies and iteratively learning from student feedback, to continue 
to improve, is consistent with recommendations from UD experts that 
UD be recognized as an iterative process rather than a checklist of 
options (Meo, 2008; Smith et  al., 2019). To learn from students, 
we must create conditions wherein they feel empowered to teach us 
by promoting beliefs about their abilities, including self-determination 
(discussed above) and self-efficacy (explored below).

Emotional engagement as a path to 
self-efficacy

Self-efficacy, or the belief that one can demonstrate mastery and 
attain one’s goals in specific domains, is a core aspect of human agency 
that gives people the “staying power” to advocate for themselves and 
overcome discrimination and other obstacles (Bandura, 1989). According 
to social cognitive career theory (SCCT), self-efficacy shapes career 
outcomes (Nauta and Epperson, 2003; Lent et al., 2010, 2015; Navarro 
et al., 2014). For example, self-efficacy is critical to the persistence of 
underrepresented youth in the STEM pipeline (Tellhed et al., 2017; Falco 
and Summers, 2019). Attempts to correct inequalities in the STEM 
pipeline often focus on providing under-represented students (typically 
racial/ethnic or gender minorities) with access to experiences that 
promote self-efficacy (e.g., mentors like them; Chemers et al., 2011).

Bandura theorized that people acquire self-efficacy beliefs from 
four sources: emotional arousal, performance outcomes, vicarious 
experiences, and social persuasion. In our research, we seek to identify 
strategies educators can use to tailor their instructional strategies to 
the needs of their students to promote optimal emotional arousal. 
Calls to broaden and enhance engagement with STEM opportunities 
highlight that emotions shape engagement and achievement (Murphy 
et al., 2019). However, research focused on STEM engagement often 
overlooks students’ positive emotional responses, like their interest in 
activities, which is the primary engagement measure in the current 
study. A study using text-based experience sampling revealed that 
adolescents without known disabilities express more positive emotions 
about academic activities when educators help them pay attention, 
understand, and visualize ideas (Goetz et al., 2013). Research tends to 
rely on purely text-based assessments of emotion, which may limit 
accessibility for diverse youth. In the current study, we adapted a 
picture-based engagement metric, initially developed in collaboration 

with autistic scholars (Riccio et al., 2020), to learn from autistic youth 
which instructional strategies they find engaging.

Aims and hypotheses

To help them prepare to face the systemic barriers that make it 
difficult for autistic people to achieve their educational and career 
goals (Shattuck et al., 2012; Black et  al., 2020), strategies to help 
autistic youth engage with learning opportunities as empowered 
learners are sorely needed. This report focuses on the first two in a 
series of workshops that we have been developing iteratively over three 
years. In Summer 2021, we first conducted Workshop 1 and then 
Workshop 2 a few weeks later. Students completed pre- and post-tests 
and rated their interest in specific workshop activities as soon as each 
activity concluded. In between Workshop  1 and Workshop  2, 
we revised instructional strategies based on responses to Workshop 1.3

The core hypothesis motivating Summer 2021 research was that 
students’ engagement with activities in our game design workshops 
would be enhanced if instructional strategies were flexibly designed 
for youth with different attentional skills. Attention is a vital 
foundation for learning that effective instructional design can enhance 
(Song and Keller, 2001; Fredricks et al., 2004). Our research is rooted 
in, and seeks to improve, both UD and Mayer (2008) principles for 
effective multimedia instruction. Although UD is often endorsed to 
promote STEM learning among students with disabilities (Moon, 
2012), our research is unique in its iterative approach to adapting 
instructional approaches to better engage neurodivergent students 
guided by analysis of how interested students are in specific activities.

Our research aims and hypotheses were to:
1. Identify strategies to engage autistic youth with diverse 

attentional profiles in informal STEM learning opportunities that are 
well matched to their attentional profiles.

Hypothesis 1: People with more focused attention will prefer 
unimodal instruction, and people with less focused attention will 
prefer multimodal instruction.

2. Examine if engagement with game design workshops is 
associated with increased STEM self-efficacy.

Hypothesis 2:Engagement with our game design workshops will 
be associated with increased STEM self-efficacy (i.e., video game 
design and technology self-efficacy).

3. Examine if engagement with game design workshops is 
associated with increased self-determination.4

3  Although the overarching goal of this research is to help autistic youth 

learn both game design and employment skills, we focused the workshops 

described in this report primarily on game design so that we could identify 

effective instructional strategies before expanding the scope of our learning 

objectives during 2022 and 2023.

4  Although hypotheses 1 and 2 were described in the proposal that led to 

funding for this project, we developed hypothesis 3 after obtaining funding 

but before conducting this research.
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Hypothesis 3:Engagement with our game design workshops will 
be associated with increased self-determination.5

Methods

Participatory processes

We received funding for this project in September 2020. We 
pre-registered the hypotheses in our funded NSF grant proposal on 
June 17th, 2021 (Open science Framework: https://osf.io/4pvq7/). In 
between obtaining our grant and pre-registering the hypotheses in the 
grant, we collaborated with a participatory team of neurodivergent 
high school, college, and graduate students to develop additional 
hypotheses and to refine assessments and curricular strategies. Our 
study has become increasingly participatory over time as we have 
iteratively improved our practices to make them more equitable and 
transparent. These efforts have been guided by an autistic member of 
our advisory board who is also a member of AASPIRE, the first 
research collective to conduct truly participatory autism research. 
We have adapted guidelines developed by AASPIRE to address power 
dynamics and make space for everyone to be heard and respected 
(e.g., using multimodal communication, distributing a record of 
meetings that includes accessible summaries as well as more complete 
notes, and utilizing a number-based method for voting and 
documenting consensus; Nicolaidis et  al., 2019). The scope of 
decisions the participatory group guides on has expanded over time. 
The participatory group typically meets monthly, often via two 
meetings that cover the same content to ensure all interested group 
members can attend. The number of participatory group members 
varies as students can join and leave as they wish. Participatory group 
members receive a $25 gift card for each meeting they attend. Six 
co-authors of this report are members of our participatory group.

We held four sets of participatory meetings ahead of 
Workshop 1. Our first participatory meeting, in March of 2021, 
included eight neurodivergent students, three of whom had 
previously attended TKU, four of whom were part of a participatory 
mentorship program at CUNY, and one whom was a Ph.D. student. 
The first participatory meetings focused on instructional strategies 
in the workshop and strategies for measuring engagement. The 
April meeting focused on improving our participatory practices and 
reviewing pilot measures. In the May meeting, we used pilot data to 
improve measures, with a focus on providing guidance to the 
autistic artist and co-author, JDS, who drew our engagement 
measure. Concerns were raised about engagement looking different 
for people with different neurotypes, which led us to add questions 
about what engagement looks like for each student. We  also 
discussed the limited time planned in the Workshop 1 for career 
exploration. Participatory group members were in favor of 

5  As this research is part of a National Science Foundation-funded study, 

we also had evaluation questions, including: 1. Does participation in our game 

design workshops lead to improvements in computational thinking? 2. Do 

instructors believe diversity profiles are effective for engaging diverse students?

including guest talks by autistic professionals in the curriculum. For 
example, JDS said, “The presence of a successful autistic game dev 
says far more for visibility, self-advocacy, and the sheer possibility 
of that career than words can truly capture.” We would learn over 
time that this was a very prescient insight. The June meeting focused 
on further revisions of our engagement measure and discussions of 
how to teach game design in the workshop, e.g., whether the 
instructors should use both an image-based (Flowlab) and text-
based (Twine) platform. While some group members did not feel 
knowledgeable enough about the platforms to comment, others 
recommended both.

After Workshop  1 concluded, the participatory group met to 
review data and provide recommendations for Workshop  2. 
We brainstormed how to incorporate self-advocacy and peer learning 
more effectively in Workshop  2. In meetings after Workshop  2, 
we  continued to reflect on what we  learned. Members have been 
invited to help with qualitative coding and/or to co-author 
presentations and papers if interested. Participatory meetings 
are ongoing.

Pilot assessments

We conducted online pilot assessments of survey measures with 
16 currently-enrolled TKU students. They received a $25 gift card for 
their work. After each set of measures, pilot participants completed 
survey measures. They were asked after each set of measures to rate if 
they understood what the questions were asking on a 5-point scale 
and to share “If you wanted to change any of the questions you were 
asked, what would you change?” We later adapted this approach to 
provide study participants with opportunities to critique questions 
too. After completing the survey, pilot participants completed Miro 
boards6 to share how they would improve the survey. The completed 
boards were later used to guide discussions about revisions with the 
participatory group.

The boards were structured in terms of strengths, weaknesses, 
and other comments about our measures of engagement, Universal 
Design-aligned instructional practices, and computational 
thinking, as well as more general comments. Some students enjoyed 
the engagement-related questions [e.g., “The questions were 
questions that were nicely phrased (in my opinion)],” while others 
found them superficial, “I found them two dimensional, not much 
depth. There wasn’t an option for the midpoint of attention and 
inattention.” or questioned what they could teach us. “I felt like even 
though I knew why I was answering the questions, I didn’t really 
understand why, if that makes sense.” We found the first critique 
very insightful but did not add an intermediate prompt as our 
survey was already quite long. In response to the latter point, 
we added an explanation of why we were asking about engagement, 
“so we know what interest looks like for you.” The computational 
thinking measure also elicited mixed feedback, e.g., “They were 
challenging, a good exercise for my puzzle loving brain.” versus 
“Personally, they were too easy” and “Answering too many 

6  https://miro.com/
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questions.” To address the latter point, we reduced the number of 
questions, as will be described below. In retrospect, we should also 
have addressed the former critique, but did not due to limitations 
in the range of the measure. Questions about Universal Design-
aligned teaching practices also elicited mixed feedback, e.g. “I like 
questions I can input my own perspective into.” versus “It was a bit 
challenging directly after a bunch of brain challenges.” and “I don’t 
understand the purpose of these specific questions.” In response to 
the first critique, we moved the brain challenges (computational 
thinking) last in the surveys for the workshop. Recommendations 
to improve phrasing provided in the Miro boards and/or individual 
surveys were used to improve accessibility.

Participant recruitment and selection

Workshop participants and their families selected which 
workshop they were available for. They were not randomly assigned to 
a workshop. We  had not planned to randomize participants to 
different workshops in our grant proposal as doing so would have 
imposed substantial recruitment challenges.

We distributed recruitment fliers inviting autistic participants 
between 14 and 21 years of age to participate in one of two free online 
game design workshops at TKU as part of an NSF-funded research study. 
Students in this age range, in high school or college, were eligible to 
participate. Fliers were distributed widely to (1) education, disability and/
or technology listservs, (2) organizations across the United States that 
focus on supporting autistic students and their families, and (3) our 
personal networks. The workshops were held from 1 to 4:30 p.m. on July 
12–23 (Workshop  1) and August 9–20 (Workshop  2). Additional 
inclusion criteria were that participants must be  able to access the 
workshop via a computer rather than a tablet and must not have attended 
TKU previously (so past experiences at TKU would not impact 
engagement). Participants were also required to be  available for 2-h 
assessments before and after the workshop and during the entirety of 
either Workshop 1 or 2. Potential participants were informed that they 
would receive one $50 gift card for attending the workshop and 
completing pre- and post-test assessments. Recruitment materials 
targeted parents because most potential participants were minors and 
TKU, which was leading recruitment, has had success targeting parents.

Screening process
Sixty-two parents filled out a parent screener. Three were not 

eligible because their child was not autistic. Five were excluded 
because they were unsure if they had attended TKU before. 
We  prioritized accepting participants from families who reported 
lower annual income and/or who were racial/ethnic minorities.

Learning objectives

The learning objectives that our workshops sought to teach 
students were to:

(1) Learn game design concepts and practice game design tasks,
(2) Learn about ways that games can spread awareness and 

address social issues,
(3) Practice social and emotional skills throughout the duration 

of the workshop,

(4) Learn about careers in the field of game design.

Participants

Student participants completed pre- and post-test assessments before 
and after their workshop, consisting of a survey (via Qualtrics), an 
interview, and computerized assessments of cognition and attention. 
During each workshop, they rated their engagement with pre-selected 
probed activities that had key domains that might influence engagement, 
also via Qualtrics. Parent participants completed pre- and post-
test surveys.

Workshop 1
Twenty potential student participants (all male) initially enrolled 

in Workshop 1. One decided not to continue after attending the first 
two days; he felt that he did not have the needed skills. His mother had 
expressed concerns that he might need additional help during the 
pre-test interview, wherein he had difficulties answering open-ended 
questions. Another potential participant attended the workshop but 
did not complete the post-tests due to an unexpected family issue. 
Both were not included in the final sample, described below.

Eighteen student participants, average age 16.72  years (SD = 2.74; 
range: 13–21; we included one student who was younger than our 
planned mininum cut off in an effort to prioritize intersectional 
representation), participated in Workshop 1. Two said they did not 
know their race/ethnicity, one of whose parents indicated that he was 
White/Caucasian. Based on combined student and parent responses, 
10 students were White/Caucasian, two were Asian, two were Latine, 
two were Black/African-American, one was mixed race, and one did 
not know (no parent report). Nine parents reported an annual family 
income of $100,000 or higher (Table 1). Two families reported earning 
less than $25,000 a year, one reported earning $25,000–$49,000 a year, 
and one reported an annual income of $50,000–$74,000. The families 
who reported lower incomes were also racial/ethnic minorities.

Workshop 2
Twenty-one potential student participants (2 female; 19 male) 

initially enrolled in Workshop 2. Two potential participants required 
a caregiver. One, who answered “strongly agree” to every closed-ended 
survey question, attended the workshop every day. She refused the 
post-test interview but answered the question about how the workshop 
could be improved, “To do it in person.” The mother of the other 
student who required a caregiver filled out the survey on his behalf, 
reporting that he “does not have a lot of language.” He missed half of 
Workshop 2. During post-test, his mother reported that he would 
benefit from an in-person workshop with more individualized support.

Another potential participant, who used an app for help reading, 
attended only the first day and decided not to continue. Another potential 
participant, who was making his own computer and had a specific interest 
in electrical engineering, attended the first two days and a few minutes of 
the third day and decided not to continue. He completed a post-test 
interview where he explained his decision not to continue, “…what I do 
is actual hardware and stuff like that. But they were just working on 
software for like modern computers and whatnot. And like, storytelling 
games, I’m not really into that sort of thing.” Another potential participant 
attended the first four days of the workshop and was then offered a job at 
his new university, which conflicted with the timing of the workshop. 
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He did not continue with the workshop but did complete the post-test 
interview where he shared, “the fact that my job started on the following 
week. Definitely took out like a huge chunk of what I felt I could have 
learned…. it was just bad timing. It’s nothing you guys could do about it.” 
When asked what he liked about the workshop, he said, “Well, learning 
how to use Twine was fun…I had something big I wanted to do, but it 
kind of got shot down. When I realized the site couldn’t really save it 
properly.” When asked what he didn’t like about the workshop, he said, 
“The fact that my games wouldn’t save really affected my motivation to 
be honest.” Therefore, it is possible that the job was not the only factor 
leading him not to continue. The two potential participants who required 
a caregiver and the three who did not complete the workshop were 
excluded from the final sample described below.

Sixteen participants completed Workshop 2. Their average age was 
16.56 years (SD = 2.34; range: 14–21). Nine students were White/
Caucasian, three were Latinx, two were Black/African-American, and two 
were mixed race. Seven of sixteen families reported an annual income of 
$100,000 or higher. One family reported less than $25,000 a year, two 
reported $25,000–$49,000, and three reported $50,000–$74,000. Again, 
families with lower incomes were also racial/ethnic minorities.

Missing and delayed data

Pre-test computerized cognition and attention data are not 
available for one participant due to a network error on the 
Cambridge Brain Sciences website. Two participants in 

Workshop 1 were accidentally administered the pre-test at post-
test. This did not impact scales used to assess change over time 
as they were the same at pre- and post-test. However, it did 
impact ratings of what they felt the workshop helped them with 
and pedagogical support available, as these were not asked at 
post-test. Both were contacted to see if they would complete the 
missing questions for an additional gift card. One did so, but the 
other did not. Post-test interview data was not uploaded correctly 
for two participants, one in Workshop 1 and one in Workshop 2, 
so is not available for these participants.

Pre-tests occurred within a week of the start of the workshop as 
planned. However, some delays occurred when scheduling post-tests, 
particularly after Workshop 2. All post-test interviews for Workshop 1 
occurred within a week of the end of the workshop, except one that 
occurred eight days and one that occurred nine days after the workshop 
ended. Three post-test assessments for Workshop 2 were delayed, with 
one at 19 days and two at 21 days after Workshop 2 ended.

Student measures

Measures are described in the order that they were typically 
administered, although there was some variability in whether the 
interview, Cambridge Brain Science tasks, or survey occurred first 
based on participant preferences. Survey measures were always 
administered in the order below.

TABLE 1  Student participant characteristics.

Workshop 1 n = 18 Workshop 2 n = 16 p-value

Gender 100% male 93.7% male 1.00

ADHD diagnosis parent-reported 50% 62.5% 0.51

SWAN ADHD −6.15(16.67) −7.15(11.39) 0.82

Age in years 16.72 (2.74) 16.56 (2.34) 0.86

Family income < $25,000 2 1

$25,000–$49,000 1 2

$50,000–$74,000 1 3

$75,000–$99,000 3 0

$100,000–$124,000 4 1

$125,000–$149,000 0 2

$150,000–$174,000 2 2

$175,000–$199,000 1 0

$200,000 or more 2 2

Income not reported 2 3

Motivation to learn video game design 1.72 (0.58) 1.25 (0.58) 0.03

Pretest video game design self-efficacy 2.56 (2.43) 1.25 (1.69) 0.08

Pretest self-determination 10.89 (7.74) 10.63 (6.25) 0.91

Pretest technology self-efficacy 10.72 (6.36) 7.13 (4.75) 0.07

Double trouble 17.25 (14.70) 22.13 (11.90) 0.31

Odd one out 6.80 (5.58) 6.93 (3.56) 0.94

Spatial plan 17.67 (9.41) 20.88 (13.47) 0.45

Categorical variables are reported as percentages and continuous variables are reported as Mean (SD). Bolding indicates a statistically significant difference between students in Workshop 1 
and Workshop 2.
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Interviews

After completing the consent, participants completed a 
pre-test interview, via Zoom, with one of four researchers, who 
would also be present in the workshops. We sought to have the 
same interviewer at pre- and post-test and were successful in all 
but five cases. Participants could choose if they wished to 
answer via typing and/or speaking. One decided to type, four 
used a combination of typing and speaking, and the rest chose 
to speak.

Pre-test interview questions asked about motivations for enrolling 
in the workshop, career goals, self-advocacy, and how participants see 
themselves, the world, and autism. The post-test interview began by 
asking participants to reflect on their experiences in the workshop, 
followed by the same questions about themselves they had answered 
at pre-test. See Supplementary Appendix A for the full list of 
interview questions.

Responses to the following post-test interview questions were 
qualitatively coded by two coders who were not involved in the 
workshops and coded unaware of which workshop responses 
were from:

	 1.	 What did you like about this game design workshop?
	 2.	 What did you not like about this workshop?

Cognitive and attentional measures

We originally planned to use the Delis et  al. (2001) Color 
Word Interference task to measure inhibition, as we had in an 
in-person pilot prior to obtaining funding. However, our study 
transitioned online due to COVID-19, so we pivoted to online 
measures of attention and cognition. We selected six constructs to 
assess using Cambridge Brain Sciences (now known as Creyos)7 
game-based online assessments: double trouble (a Stroop task used 
to measure response inhibition; our primary attentional measure), 
odd one out (a deductive reasoning task), spatial planning (assesses 
sequencing to reach goals), feature match (assesses focusing 
attention to notice differences), spatial span (assesses short-term 
memory for visual relationships between objects in space), and 
grammatical reasoning (examines conclusions drawn from 
word combinations).

In Workshop 1, we administered double trouble, odd one out, 
and spatial planning at pre-test. We planned to administer the 
other three tasks at post-test, as we  believed, based on 
descriptions of the tasks (e.g., Hampshire et al., 2012), that they 
measured relatively stable individual differences. However, 
spatial planning improved unexpectedly in Workshop  1. 
Therefore, we  began to administer all six Cambridge Brain 
Sciences measures at post-test for Workshop 1 and continued 
doing so at Workshop 2 for both pre and post-test. Given that 
only three measures were administered at both pre- and post-test 

7  https://creyos.com/features/tasks

for Workshop 1, we focus on these measures in this manuscript. 
The first score for each game that was deemed valid by the 
scoring software is included in analyses (for more information 
about tasks, see Supplementary Appendix A).

Engagement rating scales

During each workshop, participants rated their engagement with 
probed activities using a multimodal scale of engagement comprised 
of four domains: (1) Happy to Sad, (2) Calm to Anxious, (3) Bored to 
Interested, and (4) Understand to Confused. Each of the four scales 
had five response options which consisted of visuals coupled with text-
based labels (Supplementary Appendix A). This scale was adapted 
from a scale assessing Affect, Anxiety, Pride, and Energy (AAPE) 
developed by the lead evaluator for this study in collaboration with a 
participatory team (Riccio et al., 2020). The scale was adapted for this 
study by the same artist (JDS), a member of our participatory team, 
who had drawn the original AAPE. He revised the Affect and Anxiety 
dimensions and replaced the Pride and Energy dimensions with 
dimensions deemed more relevant for engagement by the participatory 
group: Bored to Interested and Understand to Confused. The Bored 
to Interested dimension was selected a priori as the most relevant 
domain for assessing engagement with workshop activities and is the 
focus of reported analyses.

To evaluate the validity of these scales, participants were presented 
with each of the scales without its text-based labels during the pre-test 
and asked to write in: “What emotions do you think this is showing?” 
They were then presented with each scale with its text-based labels and 
asked “Please rate how much you agree that these pictures show (the 
dimension depicted, e.g., boredom to interest.)” using a 5-point scale 
(strongly disagree, disagree, neither agree nor disagree, agree, strongly 
agree). For all uses of this response scale, strongly disagree was 
assigned a numerical score of −2 and strongly agree was assigned a 
numerical score of 2.

Interests and indicators of engagement

In the pre-test survey, participants were asked to share their 
favorite interests and/or hobbies and to rate 14 potential things they 
might do when engaged (e.g., look at the screen, listen to music, draw) 
using the above 5-point scale.

Motivations for enrolling in workshop and 
perceived gains

The pre-test survey asked, “Please share why you  joined this 
workshop: I  joined this workshop to:” make friends, learn more 
computer skills, learn more video game design skills, learn skills that 
will help me get a job, get better at working with other people, build 
my self-confidence, and have fun, rated on the above 5-point scale 
(strongly disagree—strongly agree). Perceived workshop gains were 
assessed by asking, “Please share how much you agree or disagree that 
this workshop helped you” followed by the same domains they rated 
when sharing their motivations for joining.
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Video game design self-efficacy

Given that there were no measures of video game design self-
efficacy, we adapted items from the STEM Career Interest Survey 
(STEM-CIS; Kier et al., 2014) to focus on video game design self-
efficacy (Supplementary Appendix A). This three-item scale exhibited 
borderline internal consistency (α = 0.69).

Career decision-making self-efficacy 
(CDMSE)

We adapted 8 of the 12 original items from the CDMSE subscale 
of the Middle School Self-Efficacy Scale (Summers and Falco, 2018) 
for accessibility guided by pilot and participatory feedback 
(Supplementary Appendix A). The adapted version of this scale 
exhibited good internal consistency (α = 0.88). We did not hypothesize 
that this measure would change in the current study. We included the 
measure in Year 1 to better understand its psychometric properties. 
We  only expected changes in this measure in Year 2, when the 
workshops would be expanded to focus on employment.

Technology self-efficacy

The STEM Careeer Interest Survey (STEM-CIS; Kier et al., 2014) 
assesses technology-related self-efficacy and career interests across 
four domains: science, technology, engineering, and math. STEM-CIS 
is designed to assess key aspects of social cognitive career theory: 
perception of one’s abilities, beliefs about the consequences of 
behaviors, personal characteristics and backgrounds, and contextual 
supports and barriers. A prior investigation of its psychometric 
properties revealed evidence that it is unidimensional and that the 
subscales are sufficiently distinct to be  administered separately. 
Following pilot feedback, some items were modified to improve 
accessibility and to reduce the original measure’s emphasis on 
schoolwork, given that our workshops are part of an out-of-school 
program. The adapted version of this scale exhibited good internal 
consistency (α = 0.86; Supplementary Appendix A).

Instructional strategies that students liked 
and received

During the pre-test, participants were asked to “rate how much 
you agree with the following statements: In classes, I like it when…
followed by 27 practices which they rated using the same 5-point scale 
as above (Supplementary Appendix A). At post-test, they were asked 
to reflect on whether the above teaching practices were apparent in the 
workshop using the same rating scale.

Self-determination

We adapted a widely used measure of self-determination, the Self 
Determination Inventory-Student Report (SDI-SR; Shogren et al., 2020), 
which has 21 items assessing three domains: autonomy and self-initiation, 
self-direction toward one’s goals, and empowerment and self-realization. 

Guided by pilot feedback, the participatory group selected 11 items to 
reduce redundancy. Although the measure typically uses a slider scale, 
we used the same 5-point rating scale as above for consistency. Our 
adaptation exhibited good internal consistency (α = 0.89).

Hyperfocus

The Adult Hyperfocus Questionnaire (Hupfeld et  al., 2019) 
assesses the degree to which people experience long bouts of highly 
focused attention, often when engaged in activities that interest 
them. The full scale assesses hyperfocus in different contexts as well 
as the dispositional (or general) tendency toward hyperfocus. In our 
study, we focused on dispositional hyperfocus. We modified ten 
questions from the scale by reducing and simplifying words to 
increase accessibility. The response scale was changed from a 
frequency scale to the same 5-point scale above. The adapted 
version of the subscale exhibited acceptable internal consistency 
(α = 0.74).

Computational thinking

Computational thinking was assessed using an adapted version 
of the Computational Thinking Assessment for Middle Grades 
(CTA-M; Wiebe et  al., 2019) which contains items from the 
Computational Thinking test (CTt; Román-González et al., 2017) 
and from the Bebras Computing Challenge (Blokhuis et al., 2016). 
We modified the CTA-M to create two assessments, each containing 
six items from the CTt and two Bebras items, due to concerns about 
practice effects if we administered the full CTA-M at both pre- and 
post-test, as researchers often do. Each version of the assessment 
contained one question from each of the computational thinking 
domains outlined within the CT, including basic directions and 
sequences, loops, simple conditionals, complex conditions, and 
while conditionals. Students were randomized to “A” and “B” groups 
to alternate which version of the assessment was given at each time 
point. The modified version of this computational thinking 
assessment achieved variable internal consistency, including an 
unacceptable level (α = 0.57) for pre-test A and post-test B and a 
marginally acceptable level for pre-test B (α = 0.68) and post-test A 
(α = 0.70). The low internal consistency appeared attributable to 
some items being too easy (i.e., ceiling effects). Due to its 
unacceptable internal consistency, we do not report potential CT 
changes in the results, but they were not significant.

Parent measures

Although any guardian could have completed the parent 
assessments, only mothers (including one stepmother) completed pre- 
and post-test surveys. The pre-test asked about the teen’s demographic 
characteristics, interests, strengths and challenges, diagnoses, 
aspirations, and instructional strategies that could help them learn the 
skills needed to attain their dream jobs. Parents also completed 
measures assessing their motivations for encouraging their child to 
enroll in the workshop and rated their child’s autistic characteristics 
and traits of ADHD.
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Despite reminders, only 26 of the parent participants completed 
pre-tests. Therefore, we created a combined pre- and post-test parent 
survey, which focused on the essential questions, for parents who had 
not completed pre-tests. Three parents completed this composite 
survey, leading to pre-test data from 29 mothers and post-test data 
from only 18 mothers.

Motivations for encouraging student to 
enroll in workshop and perceived gains

During their pre-test survey, parents were presented with the 
prompt “I encouraged my child to enroll in this workshop to…” 
followed by the same domains as the students used to rate their own 
motivations (described above). At the post-test, parents were asked to 
“Please share how much you agree that this game design workshop 
helped your child…” using the same domains.

Attentional strengths and difficulties
The Strengths and Weaknesses of ADHD-symptoms and Normal-

behavior (SWAN) scale was used to assess characteristics of ADHD in 
a manner that allows both strengths and challenges to be reported 
dimensionally (Swanson et al., 2012). Parents were asked to compare 
their child to other children based on behaviors observed in the past 
month and using a 7-option response scale ranging from “far below” 
to “far above.” Higher scores indicate greater attentional skills. 
We  selected 18 items from this scale that focused on attentional 
difficulties. The adapted scale exhibited excellent internal consistency 
(α = 0.91).

Autistic characteristics
The Social Responsiveness Scale-Brief, a 16-item measure 

assessing autistic traits in four domains: autistic mannerisms, social 
awareness, social cognition, social communication, and social 
motivation (Swanson et al., 2012), exhibited good internal consistency 
(α = 0.84).8

8  This scale is not a focus of analysis so additional detail is provided here. 

Parents are asked to indicate if descriptions were consistent with their teen’s 

behavior over the past six months using four response options: not true, 

sometimes true, often true, almost always true. There are three reverse-scored 

items. Higher scores indicate more autistic traits.

Educator characteristics and training

The instructional and support staff included one lead teacher, an 
award-winning Twine game designer, an openly neurodivergent assistant 
teacher who had high-level programming and game design skills, three 
tech counselors, a social worker, and an occupational therapist. Most of 
the staff had extensive experience working at TKU and many had 
attended numerous training sessions in their past roles (Table 2).

For this study, educational staff attended a 1-h research 
orientation training, which explained what participatory research 
is, how it differs from dominant research methods, and why it is 
important, and completed a participatory online training about 
Autism and Universal Design that has been associated with 
improved autism understanding and acceptance and more positive 
attitudes toward UD (Waisman et al., 2022). They also received 
training about Zoom management and in the half hour before and 
after the workshop attended preparation and debrief sessions led by 
TKU’s then Education Director. These sessions provided 
opportunities to collaboratively strategize how to support individual 
students, brainstorm curricular improvements, and deliver targeted 
mini trainings, as needed. In response to evidence that some 
students and staff struggled with navigating the many discussions 
about social justice in the workshop, TKU’s Education Director and 
the Lead Teacher developed a training to help educators discuss 
sensitive topics with youth. This training emphasized the 
importance of recognizing and celebrating meaning-making, 
clarifying why some statements are offensive without assuming 
negative intent, but also naming and denouncing incidents of bias 
swiftly when they arise. The training encouraged staff to create safer 
spaces by educating one another, while noting that it is impossible 
to guarantee a completely safe space as everyone’s experiences are 
different. It highlighted the importance of being a learner as a 
teacher, of connecting to and building on what students already 
know, and of discussing sensitive topics openly but redirecting 
students to the social worker when topics may cause undue distress.

Staff also received diversity profiles which were 1–2 page long 
google docs that summarized characteristics of each student derived 
from the pre-tests, including age, information they wanted their 
teachers to know, motivations for joining, interests and how they 
expressed engagement, preferred teaching strategies, experience with 
video game design, and pre-test self-efficacy, self-determination, 
hyperfocus, and attentional/cognitive scores. Due to the timing of 
pre-tests, these profiles did not become available to educators until the 
beginning of the workshop, thus limiting their utility.

TABLE 2  Educator characteristics.

Experience teaching 
autistic students

UD training Autism training Training online 
teaching

Lead teacher

Assistant teacher 3–5 years Yes Yes; 30+ hours Yes

Social worker 3–5 years No Yes; 2 h No

Occupational therapist Less than 1 year No Yes; 40 h No

Counselor 3–5 years Yes Yes; 30+ hours No

Counselor Less than 1 year No No Yes

Counselor 1–2 years No Yes; 5 h Yes
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Educator measures

Perceived student engagement
After probed activities, instructors rated their perceptions of the 

degree to which each student they observed was interested in the 
activity using the same bored-to-interested scale students used. They 
were also invited to provide semi-anonymous feedback on activities 
they felt were or were not particularly engaging via an optional survey 
at the end of each day.

Perceived student learning
At the end of each week, educators were asked to share the degree 

to which they felt students learned each of the four learning objectives 
of the workshop (game design concepts, games and social justice, 
social emotional skills, and careers in game design). For each learning 
goal, educators rated what proportion of the students they believed 
achieved that goal (almost none, between 15–30%, between ~35 and 
50%, between ~55 and 75%, about 75%, or almost all). Then they used 
the same 5-point response scale as students to rate “Do you believe 
that activities and instructional methods were effective in teaching 
Learning Goal X for most students?” and “Do you believe the training 
you received prepared you to achieve this learning goal with students? 
(“Training” here refers to both your initial pre-workshop training and 
daily staff debrief sessions).” They were then asked to provide support 
for their ratings (for additional educator questions, see 
Supplementary Appendix B).

Analytic approach

We used a prespecified alpha level of ≤0.05 due to limited power 
imposed by low sample size. We examined if continuous summed 
outcome variables were approximately normally distributed in each 
workshop by first examining kurtosis and skew and then following up 
with Shapiro–Wilk tests. For any variables that were not normally 
distributed, we note in footnotes if the finding is no longer apparent 
with non-parametric tests.

We first examined if participants in the two workshops differed 
using Mann–Whitney tests (for independent ordinal data), 
independent samples t-tests (for continuous data), and chi-square 
tests (for categorical data). Given that the motivation data was ordinal 
and from related samples, we used Wilcoxon Signed-Rank tests to 
compare students’ and parents’ motivations for participating.

Since the Workshop  1 was used to modify instruction for 
Workshop 2, we ran the following analyses in Workshop 1: Kendall’s 
tau correlations to examine associations between individual 

differences and engagement ratings. We had pre-registered our plan 
to use repeated-measures ANOVAs to examine differences in ratings 
due to characteristics of the rated activity. So we used these parametric 
analyses despite the ordinal nature of this data.

We used paired samples t-tests to examine potential improvements 
from pre- to post-test in Workshop 1. After revising the curriculum 
based on feedback for Workshop 1, we ran Workshop 2.

Two coding pairs, each of which contained at least one 
neurodivergent coder, qualitatively coded open-ended interview 
responses from students and survey responses from educators using 
primarily inductive content analysis (see Supplementary Appendix C 
for coding schemes). They obtained reliability of 85% or higher on 
20% or more of the sample. We compared qualitative ratings across 
workshops using chi-square tests.

Results

Student characteristics across workshops

Participants in the two workshops did not differ in gender, age, or 
parent-reported ADHD diagnoses. However, participants in 
Workshop 2 were significantly less motivated by an interest in learning 
video game design than students in Workshop  1 and reported 
numerically lower pre-test video game design self-efficacy than their 
peers in Workshop 1 (Table 1).

Six students had additional diagnoses, most commonly 
co-occurring anxiety (n = 5). Nine participants in Workshop 1 and ten 
in Workshop 2 were diagnosed with ADHD, in addition to autism, 
according to parent report. Unexpectedly, a parent-reported student 
ADHD diagnosis was not associated with student hyperfocus 
(p = 0.48) or Cambridge Brain Sciences measures of inhibition (double 
trouble; p = 0.58), or spatial planning (p = 0.32). However, student 
participants with ADHD had less parent-reported ability to regulate 
their attention, r(24) = −0.53, p = 0.005. We  used correlations to 
examine the pre−/post-test reliability of the Cambridge Brain Sciences 
measures (Table  3). Double trouble at pre-test exhibited a strong 
correlation with itself at post-test. Moderate pre-test post-test 
correlations were observed for the other two variables.

Students’ and parents’ motivations for 
participating across workshops

Mann Whitney tests comparing student and parent motivations 
for enrolling in the workshop or encouraging their child to enroll were 

TABLE 3  Pre-test post-test correlations between Cambridge Brain Sciences measures.

DT1 DT2 SP1 SP2 OOO1

Double trouble 1

Double trouble 2 0.76***

Spatial plan 1 0.55*** 0.42*

Spatial plan 2 0.61*** 0.34 0.59***

Odd one out 1 0.25 0.35 0.08 0.23

Odd one out 2 0.39* 0.27 0.28 0.62*** 0.57***

*p ≤ 0.05, ***p ≤ 0.001. Correlations that were statistically significant are bolded.
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conducted separately for participants in each workshop. In 
Workshop  1 (Wilcoxon-Signed Rank Test Z = 2.21, p =.03) and 
Workshop 2 (Wilcoxon-Signed Rank  Z =-2.00, p =.046), parents were 
more motivated by a desire to help their child develop self-confidence 
than their child was (see Table 4). In Workshop 1, parents were more 
motivated by a desire for their child to get better at working with other 
people than their child was (Wilcoxon-Signed Rank Test  Z = 2.00, 
p =  0.046). A similar trend was not statistically significant in 
Workshop 2 (p = 0.096). In Workshop 1, students were more motivated 
by their desire to learn computer skills than their parents were 
(Wilcoxon-Signed Rank Test Z = -2.45, p = 0.014).

The top two goals that motivated students to enroll were to learn 
more computer skills and have fun. In contrast, parents’ primary 
motivations were to help their teen build self-confidence, get better at 
working with others, and learn video game design skills. In 
Workshop  2, a trend was observed toward parents being more 
interested in their child learning video game skills than their child was 
(p = 0.058). Neither parents nor teens appeared particularly motivated 
by a desire for the teen to make friends in the workshop.

Initial evidence of validity of interest 
engagement rating

Across workshops, student pre-test ratings of the perceived meaning 
of the engagement dimensions revealed that our primary measure, 
boredom to interest, was rated the most representative of its target 
meaning (M = 1.53; SD = 0.71 on a scale from -2 to 2). Understand-to-
confused received the lowest rating (M = 1.09; SD = 0.93).

Workshop 1

Attention and engagement
We hypothesized that students with more focused attention would 

prefer unimodal instructional strategies while students with less focused 
attention would prefer multimodal instructional practices. However, 
student-reported hyperfocus (ps > 0.12) and parent-reported attentional 
difficulties (ps > 0.08) were unrelated to student-reported engagement 
with any workshop activities. Parent-reported ADHD was positively 
associated with engagement with a demo of variables using math, 
r(13) = 0.49, p = 0.045, and negatively associated with interest in playing a 
text-based game in small groups, r(14) = −0.53, p = 0.028. Attentional 

inhibition was associated with engagement ratings for only one activity 
and in the opposite direction of what we had predicted; it was negatively 
associated with interest in a unimodal activity, r(14) = −0.39, p = 0.049, a 
whole-group voice-only role play.

A repeated measures analysis comparing engagement ratings for 
the first whole group explanation activity that students rated in 
Workshop 1 (explanations delivered by voice only without video, voice 
plus video, and voice plus video plus Zoom text transcriptions) was 
significant, F(2, 30) = 4.81, p = 0.015; η2 = 0.24. Post-hoc tests revealed 
that the video plus voice explanation (M = 1.56; SE = 0.27) was higher 
rated than both voice only (M = 0.63; SE = 0.30; p = 0.011) and voice 
plus video plus text (M = 1.00; SE = 0.32; p = 0.023), which did not 
differ from each other (p = 0.30). When ADHD was entered into this 
model, the pattern did not change and the interaction term was not 
significant (p = 0.49). Similarly, parent-reported attentional differences 
did not alter findings or generate a significant interaction (p = 0.22). 
The same pattern was observed for the second set of explanation 
activities that students experienced though this time, it was not 
significant (p = 0.15). Although these patterns initially appeared to 
provide some evidence for the generality of Mayer’s Redundancy 
Principle, the first voice plus video activity was a highly rated industry 
speaker who was also autistic and the second speaker was another 
highly rated industry professional. Given that the two industry 
speakers were among the highest-rated activities in the workshop, 
speaker rather than modality is a likelier explanation of the pattern. 
See Table  5 for average engagement ratings for probed 
Workshop 1 activities.

The most highly rated activities in Workshop 1 included group games 
(e.g., Werewolf) and individual games (e.g., Game Blast). Students 
appeared highly interested in multimodal activities across social 
structures. For example, working on one’s own to make characters move, 
playtesting Flowlab games in small groups, and a whole group 
map-making activity were all highly rated. Some social justice discussions 
were rated highly interesting, e.g., a whole group discussion of race in 
games and a small group discussion of games and cultural sensitivity, 
while other discussions were rated far less interesting, e.g., queer tropes in 
games and UD for diversity. Although engagement ratings varied 
substantially within each group, size, broad type of activity, modality 
structure, interactive multimodal activities, stimulating discussions, and 
opportunities to engage with industry professionals were consistently 
rated highly.

The above findings provide no clear support for our 
hypothesis that instructional modality or attention were 

TABLE 4  Student and parent motivations for enrolling or encouraging student to enroll in workshop.

Motivation Student W1 Parent W1 p-value Student W2 Parent W2 p-value

Make friends 0.44 0.85 0.96 0.88 0.46 0.07

Computer skills 1.72 1.38 0.01 1.50 1.38 0.74

Video game design 1.72 1.62 0.58 1.25 1.62 0.058

Job skills 1.22 1.46 0.53 1.00 1.23 0.41

Working others 0.83 1.77 0.046 1.19 1.54 0.096

Self-confidence 0.72 1.77 0.03 0.88 1.69 0.046

Have fun 1.56 1.77 0.74 1.56 1.54 1.00

Means are reported for ease of interpretation though p-values are derived from Wilcoxon-Signed Rank Tests. Differences between students and parents that were statistically significant are 
bolded.
W1, Workshop 1; W2, Workshop 2.
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particularly relevant factors contributing to autistic teens’ 
engagement with workshop activities. However, video game 
design self-efficacy and self-determination were positively 
associated with engagement with 10 out of 29 and 7 out of 29 
activities, respectively (ps < 0.05; see Supplementary Appendix D 
for specific associations).

Examining changes from pre-test to 
post-test in Workshop 1

Consistent with our hypotheses, video game design self-efficacy 
and self-determination improved from pre-test to post-test 

following Workshop  1 (ps < 0.045; Table  6).9 We  had not 
hypothesized that career decision-making self-efficacy would 
improve as the workshops in 2021 focused primarily on game 
design rather than job skills. It did not improve and even became 
numerically, albeit not significantly, lower following Workshop 1. 
Unexpectedly, spatial planning improved following Workshop 1 
(p = 0.005).

9  Self-determination was not normally distributed at post-test so 

we conducted a confirmatory Wilcoxon signed-rank test. The improvement 

in self-determination remained significant (p = 0.021).

TABLE 5  Engagement probe matrix Workshop 1.

Construct Individual
Activity without their 
peers or a staff member 
(i.e., teacher, assistant 
teacher, or counselor)

Small group
Activity in a breakout room with 
4–5 other students and at least 
1 staff member (teacher, asst 
teacher, or counselor)

Whole group
Activity with all other students in a 
full class meeting with all staff 
members present (teacher, asst 
teacher, counselor)

Play

Unstructured game

D5B1

Fill the void M = 0.94 (0.94)

D2B3

Electric Erin vs. Steel Stalker M = 0.94 (1.24)

D2B1

A very very scary house M = 1.06 (0.83)

D5B3

Game blast M = 0.1.20 (1.27)

D3B1

Zoinks M = 0.94 (1.14)

D6B2

Traditional werewolf M = 1.35 (1.12)

Making

Game design (e.g., 

character, playtest)

D4B1

Short adventure game M = 0.93 (1.39)

D5B2

Playtest Twine projects M = 0.89 (1.57)

D4B1

World mapping design M = 1.28 (1.13)

D7B1

Character movement M = 1.56 (0.63)

D10B2

Playtest Flowlab games M = 1.50 (0.79)

D4B3

Writing descriptive language M = 0.67 (1.63)

Discussion

Group social justice (e.g., 

representation, UD)

N/A D8B3

Games and cultural sensitivity M = 0.63 (1.50)

D3B1

UD and diversity in design M = 0.63 (1.41)

N/A D9B1

Male gaze M = 0.94 (1.44)

D6B1

Queer tropes in games M = 0.56 (1.46)

Voice only

(‘blackouts’) Vocal only

N/A N/A D1B3

Creativity/roleplaying activity M = 0.61 (1.15)

N/A N/A D9B2

Mechanics/dynamics/aesthetics M = 1.06 (1.20)

Video + Voice

(explanation) Vocal 

image but no text

N/A D8B3

Games and cultural sensitivity M = 0.31 (1.67)

D3B3

Guest: game developer jobs M = 1.33 (0.69)

N/A D8B2

Guest: autistic game CEO M = 1.56 (1.09)

Video + Voice + Text 

(explanation)

Vocal text and image

N/A N/A D2B2

Designing for hearing disabilities M = 1.06 (1.21)

N/A N/A D7B2

Race and games M = 0.88 (1.46)

Demo + Voice

(showing how)

N/A D8B1

Demo: using Frames piskel M = 1.20 (1.01)

D3B2

Deeper into variable uses: math M = 0.87(1.19)

N/A D9B2

Adding text to game M = 1.06 (1.18)

D6B3

Making character move Flowlab M = 1.38 (0.96)

Demo + Voice + Text

(showing how)

N/A N/A D4B1

Introducing conditionals M = 1.14 (0.95)

N/A N/A D7B3

Animation in Flowlab M = 0.87 (1.30)

The average rating for each activity is reported as follows M(SD).
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Learning from students’ and educators’ 
feedback after Workshop 1

Student evaluations of Workshop 1
Students rated Workshop 1 as most helpful in supporting video 

game design skills (M = 1.59 out of 2), followed by computer skills and 
having fun (Table 7). They found Workshop 1 least helpful in terms of 
helping them make friends (M = 0.41).

When asked “What did you  like about the workshop?,” most 
students focused on the content, particularly opportunities to learn 
about game design (Table 8). One student said, “I kind of liked the fact 
that I  designed my own game…I don’t know how to work out the 
settings. The settings are a little bit hard, but I think I can get it done a 
little bit.” Six students specified that they found the workshop 
engaging, “It was fun. I learned a lot of interesting things as well as 
websites that I can use later on in the future…I met some new people. 
I met some teachers who I also like. I had something in common with 
some people.” Four students particularly liked the social justice 
discussions. For example, a student who later joined our participatory 
research team said, “I learned tropes and how to avoid some tropes… 
I learned how to make my game accessible.”

When asked “What did you not like about the workshop?”, three 
students mentioned the duration (two thought it was too long; 
Table 9). One thought it should be longer: “that’s probably my only 
complaint that the whole thing wasn’t long enough.” Three students 
critiqued instructional strategies; “Because like, there’s a bunch of 
different people, they all have to catch up on stuff. So I suppose that’s part 
of the reason why it dragged at times.”

Four critiqued the content. One felt it was too simple. “What 
I  liked most about it was meeting new people um with different 

perspectives, backgrounds…And I’m gonna say up front… they’re 
going to find out anyways, especially because it’s being recorded…. 
I wasn’t crazy about the workshop overall. The reason is because… 
I expected it to be a bit more advanced. I expected it to be a bit more 
interesting…maybe I  was higher functioning than many of the 
people there.”

Another student who liked that the workshop “looked at multiple 
perspectives” said that the discussions sometimes made him 
uncomfortable. “There are incredibly few things I didn’t, I didn’t like 
about the workshop, but one of them… I’m going to level with you here. 
I have an um. I have an extremely selective fear of nudity and sexual 
stuff. And remember, it’s selective. So sometimes it happens. Sometimes 
it doesn’t…. I want to learn I want knowledge, knowledge, even if even 
if it means I have to go through hell hell to get it. Trust me. I’ve been 
through worse.”

One student noted Internet problems, “I think I had nothing to 
complain about…. Because there’s, like, the teachers themselves are fine. 
It’s just the connection problem and how some classmates had their 
audio problems and all that stuff. So it was still good.”

Educators’ feedback
When asked what proportion of the students in Workshop 1 had 

learned each of the learning objectives, educators provided the highest 
ratings for careers in game design, followed by game design concepts 
(Table 10). However, they also reported feeling least prepared to teach 
about careers in game design. Qualitative coding of their rating 
explanations revealed that many (42.9%) felt students had learned 
about careers in game design from the industry speakers. However, 
many (42.9%) recommended devoting more time to careers in 
the future.

TABLE 6  Examining potential changes in outcomes: Workshop 1.

Pre-test Post-test p-value Cohen’s d

Video game design self-efficacy 2.56 (2.43) 3.28 (1.97) 0.044 0.51

Career decision making self-efficacy 10.56 (6.84) 9.00 (6.65) 0.18 0.33

Technology Self-efficacy 10.72 (6.36) 11.83 (5.93) 0.11 0.40

Self-determination 10.89 (7.74) 13.78 (7.76) 0.016 0.63

Spatial planning 18.69 (9.70) 27.46 (11.57) 0.005 0.96

Double trouble 17.25 (14.70) 19.81 (19.63) 0.45 0.20

Odd one out 6.80 (5.58) 8.20 (5.14) 0.18 0.34

Changes from pre-test to post-test that were statistically significant are bolded.

TABLE 7  Students’ ratings of the degree to which their workshop helped them in each of the following domains (possible range -2 to 2).

Workshop 1 Workshop 2 p-value Cohen’s d

Make friends 0.41 (1.18) 0.88 (1.26) 0.28 0.38

Learn more computer skills 1.47 (0.87) 1.07 (0.77) 0.17 0.49

Learn video game design 

skills

1.59 (0.71) 1.31 (0.70) 0.27 0.39

Learn skills to help get job 1.12 (0.99) 0.88 (1.09) 0.51 0.23

Get better working with 

others

0.88 (1.15) 1.06 (0.77) 0.58 0.19

Build self-confidence 1.00 (0.79) 1.00 (1.76) 1.00 0.00

Have fun 1.29 (0.92) 1.63 (0.62) 0.24 0.42
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Their open-ended explanations of their ratings of students’ SEL 
indicated that many (85.7%) felt students were socially engaged. 
However, many (42.9%) also indicated a lack of clear evidence for 
SEL learning. Many (42.9%) referenced “temperature checks” 
as helpful.

When asked how they helped students achieve learning 
objectives, many emphasized the importance of individualized 
check-ins (71.4%) and social–emotional support (71.4%), with a 
particular focus on fostering a positive classroom atmosphere 
(42.9%). They more often indicated that they advocated for students 
(42.9%) than that they fostered self-advocacy in students (28.6%). 
When asked how they could better support students, educators 
suggested more student check-ins (57.1%) and more pre-workshop 
preparation (28.6%).

Methods continued: iterative changes in 
instructional approaches between 
Workshops 1 and 2

In response to data from Workshop 1, study leaders encouraged 
instructors to provide more time management supports, choices for 
students, and opportunities for differentiation in Workshop 2 (e.g., 
choices of whether students wished to attend a breakout room where 
they could continue what they were doing, move on to an advanced 
topic, or review) as well as more opportunities for students to share 
their work. We also included more breaks and asked staff to share 
career spotlights about their career experiences and goals throughout 
the workshop. We modified the engagement probe matrix to focus on 
dimensions that appeared important in Workshop 1.

Interim staff training
After initial analysis of data from Workshop 1, we conducted a 

1-h Professional Development session with staff on August 5th, at the 
end of the two-week period between the two workshops. In this 
professional development session, we  discussed activities that 
students rated as particularly engaging and unengaging. 
We highlighted the importance of early check-ins with students and 
of choices for promoting self-determination. We  provided the 
following recommendations:

	 1.	 More project planning, e.g., presenting learning objectives, 
vocabulary, schedule, career spotlights, and options in terms of 
expression up front;

	 2.	 Giving students more time to plan/prepare presentation;
	 3.	 Providing more check in points (e.g., students share screen) 

and visuals/demos;
	 4.	 Building more opportunities for collaboration/interaction 

between peers;
	 5.	 Including more discussions of jobs;
	 6.	 Including more breaks but also activities for people who are 

bored during breaks to do;
	 7.	 Including opportunities for differentiation;

TABLE 8  Qualitative coding: what did you like about the workshop?

What students 
liked

Workshop 1 Workshop 2

Engaging 35.3% (n = 6) 26.7% (n = 4)

SC: Social context 11.8% (n = 2) 13.3% (n = 2)

SC: Opportunities 

connect peers

11.8% (n = 2) 0

Content 88.2% (n = 15) 80.0% (n = 12)

SC: Game design 64.7% (n = 11) 80.0% (n = 12)

SSC: Twine 17.6% (n = 3) 46.7% (n = 7)

SSC: Flowlab 11.8% (n = 2) 20.0% (n = 3)

SSC: Game design 

basics

11.8% (n = 2) 0

SC: Discussions 29.4% (n = 5) 13.3% (n = 2)

SSC: Accessibility in 

games

11.8% (n = 2) 6.7% (n = 1)

Learning 

opportunities

5.9% (n = 1) 13.3% (n = 2)

Instructional 

strategies

5.9% (n = 1) 40.0% (n = 6)

SC: Facilitation 0 13.3% (n = 2)

SC: Advance learning 0 13.3% (n = 2)

Negative weakness 5.9% (n = 1) 6.7% (n = 1)

TABLE 9  Qualitative coding: what did you not like about the workshop?

Workshop 1 Workshop 2

Assessments 5.9% (n = 1) 0

Social context 0 6.7% (n = 1)

Duration 17.6% (n = 3) 13.3% (n = 2)

SC: Need more time 5.9% (n = 1) 6.7% (n = 1)

SC: Workshop day too 

long

11.8% (n = 2) 6.7% (n = 1)

Content 23.5% (n = 4) 20.0% (n = 3)

SC: Game design 5.9% (n = 1) 6.7% (n = 1)

SSC: FlowLab 0 6.7% (n = 1)

SSC: Coding 5.9% (n = 1) 0

SC: Discussions made 

uncomfortable

5.9% (n = 1) 0

SC: Content and level 

disconnect

5.9% (n = 1) 13.3% (n = 2)

SSC: Content too 

simple

5.9% (n = 1) 0

SSC: Too much work/

content

0 13.3% (n = 2)

Instructional strategies 17.6% (n = 3) 0

SC: Reviewing content 11.8% (n = 2) 0

SC: Video resource 5.9% (n = 1) 0

Creativity struggle 0 6.7% (n = 1)

Positive aspects 5.9% (n = 1) 13.3% (n = 2)

SC: Meeting new 

people

0 6.7% (n = 1)

Unsure 5.9% (n = 1) 0
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	 8.	 Calling on less vocal students more/giving students time 
to respond;

	 9.	 Considering reading diversity profiles. However, diversity 
profiles did not become available until the Sunday before 
Workshop 2 started due to the timing of pre-tests.

This training also included tips from the social worker to support 
student confidence, creativity, and engagement, such as specific 
feedback, step-by-step questions, encouraging communication, 
labeling SEL so students can feel pride, reframing negative comments 
and differentiating between honesty and disrespect. We also returned 
to the mini-training about sensitive topics, which we only had time to 
partially discuss during Workshop 1.

Results continued: did we observe 
evidence of improvements from 
Workshop 1 to Workshop 2?

Students’ feedback
No significant improvements were observed following 

Workshop 2 (Table 11). However, the reduction in career decision-
making self-efficacy, observed in Workshop 1, reversed numerically, 
though changes in this measure remained not significant. Independent 
samples t-tests revealed no changes between Workshop 1 and 2 in the 
degree to which students felt that the workshop had helped them with 
specific skills (Table  7). Neither engagement ratings nor students’ 
perceptions of instructional practices changed noticeably between 
workshops (ps > 0.06).

A trend toward students being less likely to report that instructors 
asked them to work on their own in Workshop  2 relative to 
Workshop 1 was observed (p = 0.065). In their open-ended feedback, 
students highlighted specific instructional strategies more in 
Workshop 2 than Workshop 1, particularly advanced learning and 
facilitation. For example one student said, “I really enjoyed being able 
to create the games and the fact that I had guidance the whole way, but 
it wasn’t like but I could still do things on my own if I felt confident 
enough in them…And I  also liked how I  was able to contribute to 
discussions a lot… And I love… having the little games in society things. 
…Especially when I I would give my own little contributions on this to 

things, like, how to fix these problems in games.” A student who was 
wrapping up his undergraduate degree in game design who later 
joined our participatory group said, “I really liked…the videos on on 
just what’s wrong with the gamosphere right now and what we can do 
to improve it. I feel like that’s very important for people to think about 
as they’re designing their games.” Another student who later joined our 
participatory group said that he liked, “Making the games and learning 
how to code.”

Twine, the text-based game design platform, was frequently noted 
as a strength of Workshop 2. “I liked how I could um create something 
like, like create games and how it would actually be used in the real 
world?… Like Twine I could use in the real world.” Another student felt 
Twine supported creativity. The aforementioned student who was 
finishing his degree said, “I loved Twine a lot… Having a very simple 
text based game maker…I liked that there was always an opportunity to 
learn more. So that even though a lot of other people may not have 
caught on to how Twine works as quickly as I did, there was never a 
point where I had to stop for them” However, a few students wished that 
“We could have used high-level programming languages.”

Although some students noted social benefits of Workshop 2, a 
need for greater social opportunities remained apparent, “I like the 
workshop. I  like that I met. I met like some new people…. Actually, 
they’re not my friends, but most likely, like, helpers.” One student said, 
“I guess I didn’t like that we didn’t talk with the other kids, like interact 
with them sometimes.”

Educators’ feedback

Educators felt that Workshop 2 was more impactful in teaching 
students about the social justice potential of games than Workshop 1 
(Table 10). Educators were numerically more likely to indicate that 
students had learned about careers in game design in Workshop 2 
relative to Workshop 1. When asked how they could better support 
students, after Workshop 2, educators no longer emphasized student 
check-ins (0% of responses in Workshop 2 vs. 57.1% in Workshop 1). 
When asked how staff training/ongoing support helped them support 
students, daily debrief sessions emerged as particularly important in 
Workshop 2 (42.9% Workshop 2; 28.6% Workshop 1) as did check-ins 
with individual students (57.1% Workshop 2; 28.6% Workshop 1). 

TABLE 10  Educator closed-ended ratings.

Perceived student 
learning

Workshop 1 Workshop 2 p value Cohen’s d

Game design concepts 3.86 (1.07) 3.86 (0.90) 1.00 0.00

Games tool social justice 2.29 (0.76) 3.29 (0.76) 0.03 1.32

Practice SEL 3.14 (1.07) 3.29 (0.49) 0.75 0.17

Learn careers game design 4.00 (1.16) 4.43 (0.79) 0.10 0.79

Training helped teach

Game design concepts 1.00 (1.00) 1.29 (0.49) 0.51 0.36

Games tool social justice 0.43 (1.27) 1.14 (1.07) 0.28 0.61

Practice SEL 0.86 (0.90) 1.00 (0.82) 0.76 0.17

Learn careers game design 0.29 (1.11) 1.14 (1.07) 0.17 0.79

Ratings of learning objectives attained [0–5 corresponding to the proportion of students believed to have attained each learning objective were scored on a different scale than perceived 
training (−2 to 2) corresponding to the strongly disagree to strongly agree response options]. 
Differences across workshops that were statistically significant are bolded.
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However, educators more often highlighted the need for additional 
pre-workshop preparation following Workshop  2 (57.1%) than 1 
(28.6%). Although no educators had suggested this following 
Workshop 1, 28.6% of educators noted a need for more help planning 
for the diversity of students after Workshop 2.

Discussion

Findings suggest that interactive multimodal activities, 
intellectually stimulating discussions, and opportunities to engage 
with industry professionals are engaging for varied autistic youth. 
Contrary to our first hypothesis, we saw no clear evidence that autistic 
students’ engagement with different instructional practices was 
associated with their attentional skills. The lack of support for this 
hypothesis complicated our initial efforts to develop “diversity 
blueprints” by making it difficult to determine which student 
characteristics are important for helping their instructors prepare to 
teach them more effectively. In Summer 2023, we will ask students to 
co-create their diversity profiles with us by selecting which 
information about themselves they believe their educators should 
know in order to teach them more effectively.

Aligning with similar findings from another technology program 
(Jones et al., 2023) and our hypothesis, participation in our first game 
design workshop was associated with improvements in video game 
design self-efficacy. Participation in Workshop 1 was also associated 
with hypothesized improvements in self-determination and 
unexpected improvements in spatial planning. Together, these 
findings provide support for a central premise of this work, that 
interest-based workshops can empower autistic students.

Despite our collaborative efforts to use what we  learned in 
Workshop 1 to improve Workshop 2, Workshop 2 did not lead to 
statistically significant improvements in any of the outcomes. Students 
in Workshop 2 exhibited greater variability in support needs than 
those in Workshop  1. Indeed, it was only after Workshop  2 that 
educators noted the need for more training to help them prepare for 
student diversity. The students in Workshop 2 also entered with less 
interest in learning video game design and it was harder to schedule 
post-tests after Workshop 2, partially due the proximity of Workshop 2 
to the beginning of a new school year. Echoing a large body of research 
indicating that the quality of research about supports for autistic 
people is improved by random assignment (e.g., Bottema-Beutel et al., 
2022). If we had randomly assigned students to either Workshop 1 or 
2, our workshops would have been more comparable, thus improving 
our ability to determine if the changes we made led to improvements.

Mixed methods research provides 
educational insights that quantitative data 
cannot provide on its own

Our findings highlight the value of a mixed-methods approach to 
assessing supports for autistic youth. If we had focused solely on pre- 
to post-test quantitative findings, we might have assumed that we had 
somehow made Workshop 2 worse by trying to improve it. However, 
students’ engagement ratings and ratings of what they learned revealed 
no evidence that Workshop 2 was worse. In addition, students’ open-
ended feedback suggested that our efforts to improve teaching 
approaches had a positive impact; 6 students in Workshop 2 noted 
instructional strategies as key strengths of Workshop 2 vs. only 1 
student in Workshop 1. These student reports align with evidence that 
the games students made in Workshop 2 were more sophisticated 
(e.g., had more levels) than games produced in Workshop 1 (Hayes 
et al., 2023).

Educators’ open-ended reflections revealed remarkable insights 
about their students, despite difficulties they noted in determining 
how engaged students were in online workshops where students were 
not required to have their cameras on. For example, educators’ ratings 
of the degree to which Workshop 2 helped students understand careers 
in games were numerically higher than their ratings for Workshop 1, 
aligning with the shift toward more positive changes in career decision 
making self-efficacy from Workshop 1 to 2.

Qualitative coding also revealed deep insights about the types 
of supports their students and they themselves needed, insights that 
were not visible in their closed-ended ratings. For example, 
educators noted that their students could learn a great deal about 
game design careers from industry speakers even though they 
personally felt unprepared to teach their students about careers. 
Educators also highlighted the importance of group “temperature 
checks,” individualized check-ins, social emotional support for 
students, and in particular, fostering a positive classroom 
atmosphere. They noted the team dynamic among the educators 
and the space that daily debriefs provided for them to share their 
insights and support one another emotionally as key to their 
successfully supporting students. Aligning with reminders that UD 
involves both a priori planning and iterative adaptation (Smith 
et al., 2019), TKU educators highlighted the need for more advance 
planning to prepare them to deliver the curriculum effectively to 
diverse students and benefits of frequent check-ins with students 
and other staff. Despite notable strengths, educators sometimes 
struggled with encouraging students to self-advocate and with 
promoting social interactions and collaboration.

TABLE 11  Examining potential changes in outcomes: Workshop 2.

Pre-test Post-test p-value Cohen’s d

Video game design self-efficacy 1.25 (1.69) 1.88 (2.92) 0.39 0.22

Career decision making self-efficacy 7.88 (4.63) 9.56 (6.11) 0.13 0.40

Technology self-efficacy 7.13 (4.75) 8.50 (4.90) 0.18 0.35

Self-determination 10.63 (6.25) 11.50 (7.12) 0.23 0.31

Spatial planning 21.53 (13.67) 24.40 (9.83) 0.32 0.27

Double trouble 22.13 (11.90) 23.81 (18.30) 0.57 0.15

Odd one out 6.92 (3.71) 8.62 (4.07) 0.24 0.34
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Students’ belief in themselves: more 
central to engagement than attention?

As noted above, attentional differences were only rarely associated 
with students’ engagement ratings. Instead, students’ beliefs about 
their ability to shape both games (i.e., video game design self-efficacy) 
and their lives (i.e., self-determination) were much more consistently 
linked to engagement ratings than attentional/cognitive skills. This 
aligns with evidence, briefly touched upon in the introduction, that 
attention is not a static characteristic of an individual. The same 
person can be highly distracted when faced with tedious tasks and 
fully focused when presented with activities that interest them 
(Ashinoff and Abu-Akel, 2021). Given that students’ motivations were 
central to engagement and students’ motivations often differed from 
their mothers,’ autistic teens should be given space to choose which 
interest-based communities they wish to join. Findings also align with 
evidence for bidirectional relationships between emotions about 
STEM learning and STEM self-efficacy (Simon et al., 2015; Pekrun 
et al., 2017).

Multimodal measures of engagement, like the interest rating scale 
developed for this study, which is available open-access, could be used 
to help students with varied language abilities shape their educational 
experiences. However, as was evident with the two students who could 
not engage with Workshop 2 without a caregiver, students with more 
support needs might require in-person support to be  able to 
meaningfully express their interests.

Limitations and future directions

Key limitations of this study include insufficient racial/ethnic, 
gender, and socioeconomic diversity, incomparable groups due to the 
lack of random assignment, interviewers who were present during the 
workshop, which could contribute to both interviewer bias and 
demand characteristics, missing and delayed data, technological 
difficulties, relatively small sample sizes (albeit larger than most 
studies focused on similar programs), some measures that were 
originally developed for different age groups, difficulties 
operationalizing instructional activities without confounding aspects, 
unacceptable internal consistency of the computational thinking and 
borderline internal consistency of the video game design self-efficacy 
measures, and potential response fatigue due to the large number 
of assessments.

Most of the educators who delivered these workshops had 
extensive prior experience. The amount of support that less 
seasoned educators would need to demonstrate similar levels of 
insights and skills is unknown; prior experience was an 
unexamined variable. Even these skilled educators struggled to 
foster social and self-advocacy opportunities for students online. 
Similar difficulties have been documented in other programs 
(e.g., Moster et al., 2022).

Although students’ ratings of their interest are an invaluable tool 
for educators, the lack of credible evidence that adapting instruction 
to students’ self-perceived learning styles improves learning (e.g., 
Pashler et  al., 2008; Cuevas, 2015; Rogowsky et  al., 2020) raises 
questions about whether student-reported engagement will be directly 
related to learning. However, our strategy of inviting students’ to rate 
specific activities after they happen, rather than abstract learning 

preferences, may offer more grounded insights than learning style 
assessments typically provide. Indeed, pilot participants in the current 
study reported that it was hard to answer how they learn best when 
asked more abstractly and similar difficulties were not reported when 
rating interest after specific activities.

The measures of attention/cognition used in this study were not as 
reliable across time as we had anticipated. Indeed, while Cambridge 
Brain Sciences assessments have demonstrated reasonable psychometric 
properties in some samples (e.g., Hampshire et al., 2012; Laureys et al., 
2022), they have weak psychometrics in others (Kochan et al., 2022). 
Future research is needed to determine if associations between attention 
and engagement are apparent with stronger measures. Indeed, a 
response by one autistic student with ADHD in this study suggests that 
such work is needed as the student’s response aligned with a central 
unsupported hypothesis of this study, “I really like the fact that there were 
closed captions….It feels like there are, there are all 3 of them….That 
you see… there is hearing. Because, like, you get to hear what they do. And 
then there’s tactile which….interacts….I like interacting.”

Looking back to look forward as we  finalize the randomized 
design for the final set of workshops, in Summer 2023, in this set of 
studies, we  recommend that future researchers learn from our 
iterative process by: (1) using random assignment and masked 
assessors whenever possible, (2) developing robust educator training 
strategies in collaboration with (i.e., participatory) or led by autistic 
people, (3) providing structured opportunities for students to develop 
their own diversity profiles, (4) using theoretical frameworks and 
iterative data collection and analyses in focus measures, and (5) 
pre-registering hypotheses and research plans and making 
de-identified data freely available. By recommending a participatory 
approach, we do not intend to imply that participatory approaches 
are easy. Participatory approaches are challenging and require a 
highly iterative approach wherein we  collectively learn from 
difficulties enacting a truly participatory approach. Challenges 
we have experienced making our approach increasingly participatory 
(e.g., by more fully involving our participatory team in curriculum 
and training development) will be  documented in an upcoming 
paper (O’Brien et al., in prep). However, the challenges we have faced 
have only strengthened our belief that participatory work is essential 
to improving autism research and practice.

Conclusion

Findings provide preliminary support that interest-based informal 
learning opportunities can begin to provide a foundation for success 
for neurodivergent youth, particularly when they include 
opportunities to engage with successful neurodivergent role models. 
Students’ beliefs about their ability to shape technology and the world 
were often linked with their engagement with educational 
opportunities while their cognitive and attentional skills generally 
were not. Although this suggests that diverse students can learn 
together if they share common interests, students with greater support 
needs were unable to take full advantage of our online workshops. A 
diversity of learning opportunities for autistic youth are needed, some 
online, some in-person, some hybrid, which provide spaces for 
students to explore varied interests. Technologies like Twine that 
require little knowledge to begin to use but can be  used in very 
sophisticated ways may be uniquely well-suited to helping diverse 
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students learn together. However, similar technologies that are not 
language-based are also needed.

Findings align with a large body of research by indicating that 
autistic students’ interests are an essential path to learning (e.g., 
Murray et al., 2005; Dawson et al., 2008) that can help them obtain 
meaningful jobs, at least when congruent with other factors such as 
labor market demands (Goldfarb et al., 2019). However, what other 
characteristics besides interests are important to highlight in diversity 
profiles remains an open question that we hope students this year will 
help us answer. To learn from neurodivergent students, we must create 
conditions wherein they feel empowered to teach us, including 
evidence that we  are learning as we  go and collaborating with 
neurodivergent people to do so. Returning to the two definitions of 
self-determination introduced at the beginning of this paper, 
we  would like to leave you  with two key take-home points: (1) 
Employment-related interventions for transition-age autistic youth 
should, whenever possible, target both individual and collective self-
determination as broken systems do not change without collective 
advocacy, and (2) Informal computer-mediated learning environments 
have a radical potential that has only begun to be realized.
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