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Abstract
Many youth on the autism spectrum possess interests and strengths for STEM-related postsecondary pathways, yet there 
are few research-based programs to support those interests and competencies including complex problem solving and social 
communication. This qualitative study explored the experiences and perceived outcomes of students, teachers, and parents 
participating in an inclusive, strength-based, extracurricular engineering design program entitled the IDEAS Maker Club. 
Twenty-six students, 13 parents, and nine teachers in the program completed interviews and program logs while researchers 
conducted classroom observations over 2 years. Thematic analysis identified five common themes: (1) positive student experi-
ence and engagement, (2) skills acquisition, (3) development of interest in STEM and related careers, (4) social relationships 
and community, and (5) safe spaces that supported self-determination.
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Introduction

Research using nationally representative data reported lower 
rates of postsecondary education and employment enroll-
ment in students on the autism spectrum1 than the general 
population and those in other disability categories (Shat-
tuck et al., 2012), demonstrating the need to support this 
population’s career interests and related skills in secondary 
education. Particularly, youth on the autism spectrum with-
out an intellectual disability may require better support for 
postsecondary transition, as they were found to be less likely 
to have daytime employment and educational activities after 
exiting secondary education than youth on the spectrum with 
an intellectual disability (Taylor & Seltzer, 2011).

Youth on the Autism Spectrum and STEM Fields

While youth on the autism spectrum had lower postsecond-
ary education enrollment in general fields (Shattuck et al., 
2012), they showed higher enrollment in science, technol-
ogy, engineering, and mathematics (STEM) than students 
in the general population students and students with other 
disabilities (Chen & Weko, 2009; Wei et al., 2013). Youth on 
the autism spectrum enrolled in STEM majors also showed 
increased persistence in educational programs than those 
in non-STEM fields, as indicated by higher likelihoods to 
persist in a 2-year community college and transfer from a 
2-year community college to a 4-year university (Wei et al., 
2014). These favorable outcomes may indicate that their 
potential interests and strengths are conducive to STEM-
related careers. Autistic cognitive and perceptual traits, such 
as highly focused interests, detail-oriented thinking patterns, 
and distinctive sensory input perceptions, may lend them-
selves to curricular areas in innovation, problem-solving, 
and creative thinking (Grandin & Panek, 2013). As engi-
neering is a systematic and iterative approach to design-
ing objects, involving processes and systems, it addresses 
human needs and real-world problems (Lucas & Hanson, 
2016; The National Assessment Governing Board, 2014). 
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This precisely aligns with autistic strengths more than the 
other disciplines in STEM.

Barriers to STEM Pathways

Despite youth on the autism spectrum’s high representa-
tion in STEM postsecondary education, students on the 
autism spectrum still face challenges in developing STEM 
proficiency and related secondary education skills due to 
their executive function and social communication difficul-
ties (Fleury et al., 2014). Since research-based practices in 
STEM education that address the learning needs of students 
on the spectrum are sparse, it affects the teaching effective-
ness and teachers’ confidence in teaching STEM subjects to 
these students (Knight et al., 2013; Smith et al., 2013). A 
recent systematic review of STEM instruction for students 
on the spectrum indicated that research-based interventions 
to primarily support STEM education focus on mathematics 
and science, with only a few studies of technology instruc-
tion and no research on the engineering area (Ehsan et al., 
2018). As current educational initiatives in STEM educa-
tion increasingly emphasize the importance of contemporary 
engineering education by providing skills necessary for the 
twenty-first century (Strimel & Grubbs, 2016), it is essential 
to develop and evaluate autism-inclusive interventions to 
promote engineering competencies.

The social communication and executive function chal-
lenges in students on the spectrum also create barriers to 
their STEM postsecondary pathways. Executive function 
is crucial to many required skills for the twenty-first cen-
tury STEM workplace, such as complex problem solving 
(i.e., the process of identifying complex problems as well 
as developing, evaluating, implementing potential solutions) 
and monitoring (i.e., the ability to assess performance and 
make improvement or correction; Jang, 2015). Similarly, 
social communication skills such as coordination (i.e., 
adjusting actions concerning others), social perceptiveness 
(i.e., being aware of and understanding others’ reactions), 
and instructing (teaching others how to do something) are 
critical components of STEM competencies (Jang, 2015). 
Hence, interventions intended to support STEM competen-
cies for youth on the autism spectrum need to focus as much 
on supporting executive function and social-communication 
skills as academic skills.

The IDEAS Maker Program

To support students’ STEM competencies, we developed 
a maker program to be sustainably implemented in pub-
lic middle schools as an extracurricular program, called 
Inventing, Designing, and Engineering for All Students, the 
IDEAS Maker Program (Martin et al., 2019, 2020). Through 
interdisciplinary collaboration with experts in inclusion, 

education, Making,2 technology, engineering education, 
co-design, and local schools, we adapted a museum-based 
maker curriculum to form a school-based informal STEM 
learning program. The IDEAS Maker Program incorporates 
inclusive instructional and environmental designs to sup-
port all learners in designing, making, and building. Most 
importantly, it takes a strength-based approach that inte-
grates students’ focused interests in the knowledge and skill 
of building activities instead of negatively framing autistic 
interests as deficits. Built upon the conceptual framework of 
self-determination theory, the IDEAS program seeks to pro-
vide semi-structured opportunities for youth on the autism 
spectrum to see themselves as competent and autonomous 
actors, relate with peers, and develop essential skills to pur-
sue the postsecondary pathways of their interests (Martin 
et al., 2020; Ryan & Deci, 2000). Our previous research 
has shown positive outcomes of the IDEAS program on 
students’ interests and self-efficacy in technology and engi-
neering, vicarious experience and appreciation of science, 
and understanding of the engineering design process (Martin 
et al., 2020).

The Current Study

This qualitative study aimed to explore (1) the experience 
and perceptions of students on the spectrum following their 
participation in the IDEAS Maker Program; (2) teachers’ 
perceived student outcomes and program impact; and (3) 
parents’ perceptions and perceived consequences of the 
IDEAS program following their children’s participation. 
Students on the autism spectrum’s perspectives and expe-
riences are crucial to providing insight into their learning 
needs, preferences, and self-perceived program impacts, 
which are often overlooked in intervention research. In the 
present study, examining teachers’ perceived program out-
comes allowed for a comparison between students’ program 
engagement and usual classroom participation. Addition-
ally, exploring parents’ perceptions. also provides insight 
into parental expectations and program impact on students’ 
daily life.

2  Making involves ideating, tinkering, testing, iterating and revising 
creative designs. Maker programs engage participants in the engi-
neering design process of making by constructing products using 
physical and/or digital tools (Bevan, 2017; Honey & Kanter, 2013).
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Methods

IDEAS Maker Program Implementation

During the 2018 and 2019 school years, the IDEAS Maker 
Program was implemented in three public middle schools 
in a large, urban area in the Northeastern United States 
that follow a specific autism-inclusion model (Cohen & 
Hough, 2013; Koenig et al., 2009). All students between 
grades 6 and 8 in the schools were invited to participate 
in the IDEAS Maker Program, and a total of 131 students 
(46 of whom were on the autism spectrum) volunteered to 
enroll. The maker program was delivered in the format that 
best fit with each individual school’s club schedule includ-
ing afterschool, lunch-time, or morning homeroom clubs. 
Two–three teachers in each school (one subject teacher 
and one-two special education teacher(s)) facilitated the 
program. Because the program took place in autism-
inclusion schools, all teachers who led the program had 
already received training in the school district’s autism 
inclusion model. The teacher training focused on the learn-
ing, behavioral, social, and sensory difficulties students on 
the spectrum commonly experience, as well as classroom 
strategies and environmental modification to support these 
challenges (Koenig et al., 2009). For instance, academic 
support strategies included a daily activity schedule to 
prepare students on the spectrum for the expected tasks 
and visual aids to enhance students’ understanding and 
processing of information. Examples of social support 
strategies included promoting social opportunities and 
assigning peer buddies or mentors. In addition, before 
leading the program, the teachers received 2 days of pro-
fessional development on Maker principles and activities 
by museum educators who developed the original Maker 
program on which the IDEAS Maker Program was based. 
Teachers mainly facilitated Maker activities and the engi-
neering design process, while students were encouraged 
to problem-solve with peers rather than seeking teachers’ 
assistance.

The IDEAS Maker Program began with 12 Maker 
activities to build basic making and engineering skills 
(e.g., engineering design process and 3D printing) and 
ended with a final project where students incorporate the 
learned skills into a final product that they design them-
selves (Martin et al., 2019, 2020). The Appendix provides 
details on the activities. All program activities encourage 
students to integrate their interests into making, reflecting 
a strength-based approach that supports rather than pathol-
ogize autistic-focused interests (Dunst et al., 2012; Gunn 
& Delafield-Butt, 2016). The curriculum utilizes inclusive 
instructional and environmental designs, such as facili-
tating learning with multiple modalities using hands-on 

activities and visual aids and explicit strategy instructions 
to support problem-solving and monitoring using the engi-
neering design processes (Fleury et al., 2014; Gobbo et al., 
2018). The engineering design wheel in Fig. 1 outlined an 
iterative sequence of six steps for the engineering design 
process, including problem identification, brainstorming 
ideas or solutions, making a plan, making a prototype, 
testing the prototype (and iterating when the prototype 
fails), and improving or finalizing the design. The process 
is conceptually parallel to Zelazo et al.’s (1997) problem-
solving framework of executive function, which includes 
four phases (or subfunctions) of executive functioning: 
problem representation, planning, execution, and evalu-
ation. The engineering design wheel provided students 
on the autism spectrum with a structured visual guide for 
identifying goals, planning, problem-solving, and monitor-
ing progress. Along with that, students could engage in a 
flexible thought process and move from looking closely at 
one component of the problem to going beyond and see-
ing the big picture using the EDP. This enabled them to 
improve their cognitive flexibility and working memory 
(Bustamante et al., 2018; Householder & Hailey, 2012; 
Katehi et al., 2009). For example, students could think 
about their final projects as a whole right from the start 
of the clubs and then break their projects into smaller 
components to tackle them but then bring the components 
together to develop their bigger projects. Also, through 
constant collaboration and communication with peers and 
teachers, students learned to persist through their problems 
and work on solutions together, thus developing self-regu-
latory skills (DiDonato, 2013). Engineering design wheels 
were used in the IDEAS Maker Club not only as a visual 
aid for students to understand the conceptual process but 
also as a sticker checklist for students to follow through 
and self-evaluate their progress in engineering design. 
Lastly, the Maker program was developed in collabora-
tion with a researcher and educator on the autism spectrum 
chairing the program’s advisory board.

Participants

Participants included (1) the nine teachers who implemented 
the program in the three public middle schools over the 
2018–2019 and 2019–2020 school years (two teachers from 
the 1st year left and two new ones joined in the 2nd year); 
(2) 26 students (17 on the autism spectrum) who participated 
in the IDEAS Maker Program; and (3) 13 parents of the 
enrolled students on the autism spectrum. To be enrolled 
in the schools’ autism inclusion program, all students on 
the spectrum had an official diagnosis of Autism Spectrum 
Disorder, an up-to-date evaluation by trained psycholo-
gists in the city’s Department of Education, as well as ver-
bal language abilities at or close to age level, intellectual 
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functioning on an average or above-average level, and aca-
demic skills on or above grade level. Table 1 lists the demo-
graphic data of the student participants. The Institutional 
Review Board of the research institutions and the school 
district approved the study, and all participants provided 
informed consent.

Data Collection

Teacher Focus Groups

We conducted semi-structured focus groups with the teach-
ers at both the midpoint (two groups, one per year) and the 
end of the program (six groups, three per year) to explore 
their experiences and perceived program outcomes. Two 
researchers conducted focus groups in the middle of the 
school year with the whole group at a professional devel-
opment session to capture teachers’ experiences and stu-
dent engagement from all of the schools. At the end of the 
program, teachers at each school engaged in a focus group 
about their experiences, observed student engagement and 
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Fig. 1   Engineering design process (Martin et al., 2020) (Written permission for print and electronic reuse been obtained)

Table 1   Demographics of student participants

*Participants could select more than one ethnicity

Autistic (n = 17) Non-
autistic 
(n = 9)

Gender
 Male 14 3
 Female 3 6

Grade
 6th 8 4
 7th 4 4
 8th 5 1

Race/Ethnicity*
 Hispanic 4 1
 White 6 1
 Black, African American 4 0
 Asian 5 7
 Pacific Islander 0 0
 American Indian 0 0
 Other 2 2
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outcomes, and positive and negative program character-
istics. Teachers were asked to provide case examples to 
describe student engagement and outcomes. The midpoint 
focus group lasted 80 min, and the end-of-year focus groups 
ranged from 35 to 70 min.

Student Interviews/Focus Groups

We conducted 17 semi-structured interviews/focus groups 
with the 26 students (either individually or in a group of 
three) at the end of the program. These included questions 
about students’ projects, their impressions of the program, 
peer interactions, and their interest to rejoin the program 
in the following year. The interview/focus group questions 
followed a protocol, but the researchers were flexible and 
conversational, adjusting according to students’ responses. 
The lengths of the interviews/focus groups ranged between 
4 nad 15 min, depending on the students’ interests.

Parent Interviews/Focus Groups

We conducted eight semi-structured interviews/focus groups 
with 11 parents of students enrolled in the program, includ-
ing 10 parents of students on the spectrum and one par-
ent of a non-autistic student; six males and five females. 
Interviews/focus groups were conducted at the end of the 
program when parents visited maker clubs to view a pres-
entation of final projects, either individually or in a group of 
one to three. The protocol included questions about parents’ 
perceptions of the program, perceived student experience or 
frustration with the program, changes in their children they 
believed to be associated with the program, and students’ 
interests at home. The interviews ranged from 3 to 17 min, 
depending on the parents’ interests and availability.

Supplementary Data

Teacher Program Implementation Logs  We encouraged all 
teachers to record a program implementation log to track 
students’ engagement and response to activities. The imple-
mentation logs included structured questions for the teacher 
to list positive and negative student engagement and feed-
back to the program. A total of 25 implementation logs were 
collected across all schools and teachers.

Field Observation Notes  We conducted field observations 
in the program over 2 years, creating 149 observation logs. 
We conducted exploratory observations during our 1st year, 
recording details regarding instruction and student engage-
ment. In the 2nd year, we used structured observations 
focused on teachers' facilitation and students' interests and 
interactions. Observational data were used to triangulate 

rather than as the primary source of analysis to focus on 
participants’ perceptions and avoid researcher bias.

Qualitative Data Analysis

We recorded all interviews and transcribed them before data 
analysis. The supplementary program logs and observation 
notes were analyzed textually. We used thematic analysis 
based on Braun and Clarke’s (2006) six-phase framework to 
identify critical patterns across the data. The investigation 
was both inductive and deductive and included data-driven 
exploration and coding based on research questions. The first 
and second authors initially conducted an active and repeti-
tive reading of data, followed by the generation of data- and 
research question-driven initial codes. The research team 
discussed and finalized the codes and definitions, and the 
first and second authors individually coded 15% of the inter-
view data to examine the inter-coder reliability. The two 
coders achieved a 93% coding agreement and resolved dis-
crepancies in coding through extensive and continued dis-
cussions throughout the coding process. Following the cod-
ing, we searched for themes presented in the data, identified 
initial themes, and reviewed the relationships between codes 
to refine the themes. Data was further triangulated between 
different sources as a validation strategy. Transparency was 
maintained through open communication, memo recording, 
and extensive meetings between team members.

Results

Thematic analysis identified five themes: (1) student experi-
ence and engagement, (2) skills acquisition, (3) interests in 
STEM and related careers, (4) student relationships and com-
munity, and (5) a safe space supporting self-determination.

Student Experiences and Engagement

Students enjoyed the opportunity and flexibility to make 
projects that reflected their interests. They were excited and 
stimulated to develop the skills to use technology that com-
plimented their interests in making, such as 3D printing, 
TinkerCad (a free computer-aided design software), LED 
circuits, vibrating motors, and journal making. A student on 
the spectrum, Robert,3 shared that:

My experience has been very, very great. I feel like 
they teach the basics of 3D printing... and then the 
fact that you're able to then go on and make your own 
project is, it's very hands-on. There's a lot of things to 

3  Pseudonyms were used to protect participant confidentiality.
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make with 3D printing. So creating new designs each 
time is entertaining.

Creativity was considered another important factor that 
made the program enjoyable. Students said that the clubs 
encouraged them to think creatively and pursue their unique 
ideas through their projects and bring them to fruition. This 
enabled them to adapt the club experiences to suit their 
individual making needs. John, a student on the spectrum, 
expressed his excitement by noting that the club is fun and 
emphasized that “I like making my creations.” Jerry, another 
autistic student, further expanded his experience by point-
ing out that Maker clubs enabled them to work toward a 
culminating experience, and also engage with and learn from 
peers.

I liked how we were able to get the ideas built up into 
one final project. I liked all the other creative ideas that 
we were able to do to learn about Makers Club...Like 
[learning about 3D printing, TinkerCAD], all seems 
to lead up to final projects to learn how we can build 
something and also I love how we can also socialize 
with everyone else in the club to get you with some 
help or just like to talk out.

Non-autistic students also shared the enjoyment and excite-
ment in the program. Asked what she enjoyed about the 
program, Taylor, a non-autistic student who volunteered to 
take part in the club for 3 years, talked about enjoying the 
process of creating and actualizing her ideas, as well as the 
autonomy and flexibility for making.

Being able to make different things every year and be 
creative…I really like the journal making and then the 
3D printing final project, because you get to have a 
lot of ideas and put them—test it, see if they work. 
Adding on to that, you have a lot of freedom when 
you choose your final project, and of course, it’s nice 
when it finally comes out. And the process of making 
the final project is also pretty cool...you have to create 
your project.

Like the students, parents expressed their appreciation for 
this program and described how their children experienced 
happiness in this space because it actively encouraged them 
to pursue their interests. They felt that the clubs propelled 
their children to convert their ideas into finished products. 
A parent of a student on the spectrum reported, “He seems 
to really enjoy it. He could really get into LEGOs, but he’s 
enjoying them here.” Another parent underscored the eager-
ness of their child on the spectrum to participate in each club 
session as an essential part of their positive experience:

He never dreads that he has to do it or wishes he could 
come home. It’s been nothing but positive. It’s been 
great.... he always wants to come here. So I mean that’s 

the difference I’d see in his excitement outside of our 
apartment.

Another parent emphasized that task completion gave their 
child on the spectrum a sense of accomplishment and pride.

When they make something that’s complete, you can 
really see he’s so happy. And, again, as we know, 
especially with them, it’s hard for them to complete 
because they have so many, you know, as we joke, “the 
creative monkeys” ...so they often can’t stay focused 
on one thing. He’s like, I did it! I went from A to B. 
And, of course, with all the help that he, and then he 
looks at the finished product, and it’s like I can see 
that that’s something he’s proud of. That, of course, is 
fantastic—we can tell them that a million times a day. 
“You can do it if you just focus.” And now he does it 
and he’s like, “They were right, I could do it.” And 
that’s really great.

Similarly, a parent of a non-autistic student echoed that her 
child had a positive experience and great enjoyment from 
the program.

So in her first years involved in Maker she got really 
excited, “We’re 3D printing,” and even though I’m an 
engineer, I’ve never used a 3D printer. I have no idea 
what a 3D printer does and she was so excited telling 
me. She told me all the details about it and then last 
year they built their first robots and she had so much 
fun with it and we did this and we did that. This year, 
to her, it was really important to stay involved in it, 
because I think when she first started there weren’t 
that many older children involved and she thought it 
was really important to be there for the younger kids 
and to help them through things. It’s really exciting to 
see her grow in that way. She’s talked about it often 
very fondly and she’s had some really great experi-
ences there.

Teachers mirrored parents’ perspectives regarding their stu-
dents’ happiness while participating in this program. One 
teacher acknowledged that students were invested in this 
program.

He’s just so happy here. He’s constantly building. He’s 
proud, and he’s genuinely invested in his projects to 
the point where he thinks about it outside of school. 
He comes back with new ideas. He wants to work on 
it outside of school. He’s always excited to show his 
mom all of his projects.

Teachers’ views resonated with that of students when they 
spoke about the club being a space that nurtures students’ 
creativity. Teachers felt that the club activities augmented 
students’ inventiveness.
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Charles is the candidate for this, because he really 
thinks out of the box. He really brings all that creative 
ideas and he has a plan in his head, and he will not 
even think twice. He knows how to carry that plan.

These positive experiences also led students to engage fully 
in the club’s activities and develop their individual projects 
outside the clubs too.

The program’s structure and flexible nature augmented 
students’ creativity, which led them to build on their inter-
ests and strengths. During focus group sessions and in their 
educator logs, the teachers observed that students positively 
engaged in the activities and club discussions. The teachers’ 
logs recorded many instances of students’ positive engage-
ment in activities. This matched parents’ observations that 
their children persisted and continually engaged in club pro-
jects even at home.

A parent shared that the program supported the creativ-
ity of her child on the spectrum with a structured process to 
form tangible projects.

He’s learning how to organize it in a form and then 
put it into a more tangible shape, whether it’s a game 
or his log I was looking at, of his projects. I mean, 
it’s still looney, it’s got drawings, but it’s very organ-
ized, which obviously is something he has to do for 
anything he’s going to do. He has to learn how to take 
his thoughts and put them in a method where he can 
transmit or communicate with somebody else. And he 
doesn’t know he’s learning. He’s having fun doing silly 
things, and that’s important.

Skill Acquisition

Students developed foundational and content-specific skills 
about specialized software like TinkerCad, 3D printing, 
and learning about motors, LEDs, and circuits. Along with 
this knowledge, the clubs exposed students to independent 
making, designing, and problem-solving skills by adopting 
a problem-based learning approach. The engineering design 
process enabled students to develop and enhance executive 
functions, which subsequently enhanced their abilities to 
engage independently in STEM learning. A teacher noted 
how a program activity facilitated students’ engagement in 
the engineering design and executive functioning process 
in the log,

One benefit of implementing this activity was that it 
fostered problem-solving skills. It is difficult to transfer 
their design from a paper sketch to a digital design, so 
students were forced to change something (iteration) to 
improve their design and make it better. Students were 
also allowed to take their time and persevere until their 
name tag was 3D printer ready.

Furthermore, students recognized instances when they 
solved and used critical thinking to improve their proto-
types or make their prototypes from their plans. When Ian, 
a student on the spectrum, was asked about how he solved 
a problem regarding LEGO pieces he designed to be 3D 
printed and put on his Rubik’s Cube, he stated:

They were too thick at first. It took a long time to 
print. Like a centimeter and half by a centimeter and 
a half probably. Then I made them thin, but then the 
pegs at the top of the LEGO piece were too thin. 
The third time’s a charm because then I got it right 
because I had to ungroup everything, and it looks 
cool.

Project failure is a common experience in engineering 
design, yet students learned to view failure and frustration 
neutrally or positively, as failing is an expected step in the 
engineering design process. Sean, a student on the spec-
trum, described the process of engineering design as itera-
tions of problem-solving and project testing, which shows 
cognitive flexibility: “we're always testing our prototypes. 
If it fails, it’s not a big deal because we have plenty of time 
to try it.” Teachers also recognized students’ progress in 
overcoming challenges and frustration. A teacher shared 
an instance when Cameron, a student on the spectrum, 
experienced a meltdown in the circuit-making activity due 
to material problems. “So it wasn’t like he couldn’t get it 
to work. It was like our tape was defective. Nobody’s light 
lit. Cameron had a total meltdown. [But] he was one of the 
first ones who figured it out. He made it simple.… it was 
good practice for him, even though he just melted down 
like that.” The club appeared to provide a nurturing envi-
ronment for problem-solving and overcoming challenges.

Interests in STEM and Related Careers

Some students recognized that the clubs paved the way for 
their future career interests. A student on the spectrum, 
John, said, “[an engineer] might be something I want to 
be when I grow up.” Other student makers also felt that 
the club provided them with foundational knowledge for a 
potential career in science and engineering. Sean (on the 
spectrum) also voiced a similar feeling about the clubs 
acting as a space where he could develop ideas that could 
enable him to land a career in engineering. He felt that the 
clubs blended enjoyment with a purpose and propelled 
them to think about a future career, “What I’ve enjoyed 
doing is coming up with a bunch of ideas of what could 
potentially become a successful … engineering products.” 
In these instances, the program laid the foundation for 
students to reflect on their future careers in science and 
engineering.
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Student Relationships and Community

Students on the spectrum in the program stated that they 
enjoyed the program’s social environment, which was com-
fortable and relaxing. When asked what he liked in the 
program, Sean (on the spectrum) said, “I enjoy being able 
to hang out with people. I hang out with friends.” Lewis, 
another student on the spectrum, echoed, “[I enjoy] hanging 
out with my friends, definitely, especially some that I can’t 
see during the normal school day.” Since his friends were 
in different classes, the Maker club allowed him to maintain 
connections. “At least I still get to see [them] in the Mak-
er’s Club; that’s a good opportunity…I prefer sometimes to 
socialize and go hang out around and see how people are.” 
A few parents described their children’s enjoyment of the 
social aspect of the program: “he likes having that socializa-
tion part of it, you know, being like, okay, get to hang out 
with my friends, and it's not studious.”

Teachers further connected positive student relation-
ships with the program’s emphasis on peer learning and 
the strength-based, interest-driven environment. Building 
on students’ strengths and interests, the teachers facilitated 
student interactions by encouraging peer teaching, which 
served as initial connections upon which other relationships 
developed. A teacher shared,

I think one great thing is I just see the relationship 
building within the groups. A lot of them—like in the 
beginning, we kind of have to get them to sit together 
because they might want to sit alone or apart because 
they're not used to the other person. They don’t know 
them. But to really foster [student relationships], 
maybe giving feedback to one another, like using 
experts who have been here last year and encouraging 
them to help other students. Because we have one stu-
dent [on the autism spectrum], Reynaldo, who is like, 
I’m not a helper. I’m not good at that. But then he’s 
really good at Tinkercad, so we had him help some 
other students who were struggling…To see other stu-
dents learning it from you—I think he enjoyed it...I 
do think that he starts to build a relationship with that 
person and then next time, he will approach them.

Two teachers in another school shared an instance where 
Robert (on the spectrum) developed social relationships 
based on his strengths and shared interests with peers.

Teacher 1: “One change that we’ve seen in Robert, 
the first couple of years he was definitely not open 
to sharing his expertise with other kids and then this 
year, we’ve asked him to step in so many times and 
he’s done it–” Teacher 2: “And not only has he stepped 
in when being asked to, but there’s many times where 
he just does it on his own...initiates it.” Teacher 1: 

“something we weren’t seeing before.” Teacher 2: 
“whether it’s helping a student with Tinkercad or their 
design, and it could be that a student goes and asks him 
because they know he knows a lot, and he’s more than 
happy to show them, and there’s even times where a 
student is asking for our help, or there’s certain signs 
that they're struggling and he kind of goes over and 
just helps them out…And I think that’s happening 
because this is an area of interest. We were able to tap 
into something that he’s really passionate about in a 
really positive way.” Teacher 1: “And then [he] sort 
of—even being grouped with other kids that share a 
similar interest, I mean, he’s formed friendships that 
he probably would not have. I’m talking specifically 
about some of the [general education] kids that he’s 
formed that strong bond with. I don’t think that would 
have happened if it wasn’t for Maker Club.”

Teachers emphasized that the Maker Club fostered a com-
munity that appreciated and celebrated autistic strengths and 
interests, facilitating students’ learning and positive relation-
ships. Opportunities were created where students’ strengths 
can be seen and valued by their peers. A teacher said, “Most 
of [the students on the spectrum] are really true makers, and 
I think that they shine, and I think [their skillset] is really 
attractive to all the kids.” When asked what impressed them 
in the program, teachers in a school shared the case of Ethan, 
a student on the spectrum with a strong interest in Rubik’s 
cubes:

Ethan, at the beginning of the year, was kind of like 
hiding his Rubik’s cube under his desk, and he would 
solve it because he’s obsessed with his Rubik’s cube. 
And he brought it out during Makers Club, and then 
everyone was talking about how cool it was, and the 
kids were interested. And [Teacher 2] and I, we hyped 
it up too, and that’s what he ended up doing on his 
final projects both times. And he got our whole home-
room into Rubik’s cubes. It’s a good fidget, and a lot of 
the kids in his homeroom got fascinated with Rubik’s 
cubes, and it became his thing. So it became a point 
where he felt comfortable to bring it out here, and then 
we promoted that it was awesome. It’s one of your 
strengths, and then he was able to take it to the class-
room, and that’s how he made a lot of friends this year.

A Safe Space Supporting Self‑determination

Students reported enjoying the autonomy in making 
individualized designs and the sense of reward and self-
efficacy when achieving their goals. When asked about 
their favorite component of the program, students men-
tioned the opportunity to “create anything you want.” 
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Such freedom and autonomy to create were connected 
with self-determination, where the students set their goals 
and strived to achieve them through problem-solving and 
advocating for assistance. The process of achieving goals 
also involved self-awareness of one’s abilities and self-
monitoring to refine outcomes. When asked whether the 
program influenced his future goals, Robert (on the spec-
trum) said, “Well, yes. It helped me think about what I 
could do on my own and what I could do better. Because 
making meaning, making something that works is only one 
step. You could always improve on it.”

This self-determination was associated with confidence 
and pride in students, parents, and teachers. Charlie, a six-
grader on the spectrum, shared that “I think it's a really 
good experience for me and that I can create many differ-
ent things, which also can show how people not only with 
disabilities, but people, how they can be creative and do 
interesting designs.” A teacher described how being a part 
of the program was “a badge of honor” for a student on the 
spectrum, “like I’m a maker, and it just fills his bucket in 
terms of himself, and who he is and his identity. And to 
find that identity in this place where he’s very good at it, 
and he can socialize.”

Both parents and teachers connected students’ self-
determination and other positive outcomes with the pro-
gram’s supportive, strength-based environment. Teachers 
described the program as a “safe space” for students to 
overcome challenges and thrive as a community. A teacher 
recorded in her log: “One benefit of implementing this 
activity was that students were able to experience some 
frustration. This facilitated peer-to-peer support and 
strengthened their advocacy skills. They also practiced 
problem-solving skills.” Teachers further highlighted 
the supportive program environment that allows students 
to show strengths not usually seen in classrooms and to 
explore common interests and building relationships with 
their peers.

Although some [activities] are complicated or [all 
students are] struggling, or they're having a difficult 
time problem solving, but our students [on the spec-
trum] find a place where they can thrive, and they 
can be experts, and they all share a common interest, 
and they're part of the Maker’s Club, and they're a 
Maker. It’s an identity that they have, and even with 
the neurotypical peers, they all share one common 
interest, and they're all strong in different areas…
They're finding other interests that are in common 
too. And they just have the space to do it. So for me, 
working as a special educator, that is what I highlight 
the most when I see them working together and prob-
lem-solving and talking in this space…The benefit 
of having them there is these relationship buildings 

and for the neurotypical students to see like, oh, we 
have something in common. Let’s talk to each other. 
And they say hi to each other in the hallway, so it 
spreads out.

Similar experiences between students on the spectrum and 
their non-autistic peers.

Discussion

This study investigated students, teachers, and parents’ 
experiences with an extracurricular engineering and design 
program and their perceived program impact. Interviews, 
program logs, and field observations suggest that students 
enjoyed and actively engaged in the program, acquired engi-
neering and problem-solving skills, and developed interests 
in STEM pathways in several instances. Students valued the 
program’s autonomy, and their positive program experiences 
were connected with increased confidence and self-determi-
nation. Teachers and parents highlighted students’ growth in 
social relationships, self-regulation, problem-solving, and 
self-advocacy, which were associated with an environment 
that supported students’ interests and strengths and offered 
opportunities to accomplish self-determined goals and over-
come challenges.

This inclusive program was designed to support STEM 
interests and competencies of students on the spectrum 
alongside their peers in general education. We interviewed 
both students on and off the spectrum but focused on the 
findings of those on the spectrum since students in gen-
eral education provided similar feedback on the program. 
Both groups enjoyed their experience and the freedom to 
create in the program. Students on the spectrum demon-
strated progress in skills central for STEM careers includ-
ing problem-solving, monitoring, and social communication, 
as well as self-efficacy, autonomy, and self-advocacy skills. 
The students enjoyed their program experience, and many 
have applied the skills they acquired during the program 
outside of the Maker Club, such as creating individual pro-
jects at home or exploring careers in engineering and design. 
They not only acquired technical skills and knowledge but 
also actively engaged in their interests and strengths in the 
program, thus cultivating self-determination and develop-
ing self-advocacy and collaboration strategies to solve real-
world problems.

Key components of the program valued by participants 
were the support for focused interests, autonomy, self-deter-
mined learning, and the inclusive curriculum promoting 
students’ engagement with peers. The interest-driven cur-
riculum allowed students to flexibly incorporate their inter-
ests into program activities and final projects. Participants 
reported feeling competent through designing and achieving 
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self-determined making plans. These findings aligned with 
self-determination theory, suggesting that engagement in 
interest-driven making is intrinsically motivating and asso-
ciated with increased competence and self-efficacy (Ryan & 
Deci, 2000). The findings indicate that incorporating focused 
interests in learning may support autistic motivation, self-
determination, and self-efficacy. Promoting self-determina-
tion in students on the spectrum is essential as research has 
identified the association between self-determination and the 
transition outcomes of students with disabilities (Wehmeyer 
et al., 2010), as well as the quality of life, employment sta-
tus, social participation, advocacy, positive identity, and 
stress management in individuals on the spectrum (Kim, 
2019; White et al., 2018). Additionally, the integration of 
students’ interests supported socialization and relationship 
building among the students, as shared activities on common 
interests were necessary social supports for individuals on 
the spectrum (Muller et al., 2008).

It is important to note possible limitations which impact 
the interpretation of our results. Participants on the autism 
spectrum had verbal proficiency and grade-level academic 
skills, which does not represent the diverse autism spectrum. 
Future studies should include students with a broader range 
of verbal and academic skills to explore how the program 
could support learners on the spectrum with different char-
acteristics. Interviews with students were relatively short, 
which might not comprehensively capture their experiences. 
Teachers’ and parents’ subjective opinions might have pro-
moted an idealistic vision, introducing participant bias. The 
school setting of the study where teachers received extra 
training to support students on the spectrum might also influ-
ence students’ experiences and outcomes. it is recommended 
that the program be used in conjunction with a strength-
based approach that supports and values autistic interests 
(Cohen & Hough, 2013; Koenig et al., 2009).

Our positive findings led to funding for an expansion of 
the IDEAS Maker Program to include a wider age range. 
Thus, we are currently adapting the program to suit both 
elementary school students (4th grade specifically) and high 
school students, and we expect the latter can exercise even 
more autonomy and self-determination using this program 
model. This future research direction could help students on 
the spectrum develop STEM interests and competencies at 
different educational levels.

Appendix

IDEAS Maker Activities

Activity Description Learning objectives

Activity 1: one sheet 
of paper

Create a 3D object 
from a sheet of 
paper

Students will
∙ Understand and 

express the differ-
ence between 2 and 
3D objects

∙ Learn what defines 
3D: height, width 
and depth

∙ Understand that there 
can be many differ-
ent outcomes when 
designing a project

∙ Learn the process of 
sharing projects and 
explaining ideas

Activity 2: journal 
making

Create a handmade 
journal out of 
paper using a nee-
dle and thread

∙ Design and fabricate 
their own design 
journal

∙ Learn bookbinding 
techniques

∙ Learn and use the 
basic hand tools to 
complete the project

Activity 3: intro to 
3D printing

Create a solid 3D 
design out of 
different materi-
als to simulate 3D 
printing

∙ Learn what 3D print-
ers are and how they 
work

∙ Understand how 3D 
printers print in lay-
ers, and how layering 
happens in complex 
3D shapes

∙ Understand glue 
guns as tools and 
learn how to safely 
use them

∙ Learn the properties 
of different materials

∙ Learn to be con-
scious of their design 
choices

∙ Learn the Engineer-
ing Design Process 
(EDP)

Activity 4: wooden 
blocks

Use wooden blocks 
to create 3D shapes

Design the letters of 
their name with 
wooden blocks

∙ Design and fabricate 
their own design 
journal

∙ Learn bookbinding 
techniques

∙ Learn and use the 
basic hand tools to 
complete the project
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Activity Description Learning objectives

Activity 5: Tinker-
CAD

Build a 3D Model 
in TinkerCAD (a 
computer-aided 3D 
modeling software)

∙ Understand what 3D 
CAD software is and 
how it works

∙ Revisit prototyping 
and learn about the 
iteration process

∙ Understand how 
to transition from 
physical to digital 
design

∙ Transfer physical 
measurements to 
digital measurements

Activity 6: paper 
circuits

Design a paper cir-
cuit that will turn 
an LED on and off

∙ Learn the basics of 
how a circuit works

∙ Understand the 
basics of what elec-
tricity is

∙ Learn what a light-
emitting diode 
(LED) is

∙ Learn what a basic 
switch is and how it 
operates

Activity 7: LED 
greeting cards

Use circuits and 
LED lights to 
create an LED 
Greeting card

∙ Learn how to create 
multiple circuits in a 
single project

∙ Gain hands-on expe-
rience with simple 
electrical circuits

Activity 8: motors Use vibrating motors 
to create a vibrat-
ing object

∙ Learn to use vibrat-
ing motors

∙ Learn to create an 
object from given 
materials

∙ Review the concept 
of circuits

Activity 9: final 
project planning

Come up with an 
idea for the final 
project and sketch 
it out

∙ Learn how to turn 
their ideas into a 
visual plan

∙ Decide what their 
final project is going 
to be

∙ Create sketches of 
their final project

Activity 10: proto-
type take 1

Create the first 
prototype of their 
projects out of dif-
ferent materials

∙ Learn the properties 
of different materials

∙ Learn to be con-
scious of their design 
choices and the 
outcome of those 
choices

∙ Understand what 
prototyping means

Activity 11: proto-
type take 2

Continue building 
the final project or 
transfer the proto-
type to TinkerCAD

∙ Learn to iterate their 
prototype

∙ Learn to build their 
project in Tinker-
CAD

Activity Description Learning objectives

Activity 12: final 
project board

Create a poster that 
demonstrates what 
a student has done 
in the club

∙ Learn to talk about 
their design process

∙ Learn to discuss 
progression through 
prototypes and itera-
tion

∙ Learn to talk about 
3D design and the 
vocabulary they 
learned in the pro-
gram

Details for the activities can be found on this website: https://​www.​
edc.​org/​ideas-​inven​ting-​desig​ning-​and-​engin​eering-​all-​stude​nts-​
maker-​progr​am
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