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Design reflection process 
For this design reflection, a multidisciplinary panel was assembled to review and reflect on the design of an 
inclusive, informal maker program for middle-school students on and off the autism spectrum. The panelists 
were selected based on their expertise in maker programming, STEM for students with disabilities, and special 
education in urban school districts, since all of these are relevant for thinking through design issues that will 
need to be thought through for the program to expand.  

Panelists 
• Sami Kahn: Assistant Professor of Science Education at Ohio University. Dr. Kahn’s work focuses on 

strength-based approaches to science education for all. 
• Lauren Katzman: Executive Director Urban Special Ed Leadership Collaborative. Dr. Katzman has 

worked in the field of special education for 35 years focusing on equity and civil rights. 
• Amy Hurst: Associate Professor at New York University. With a background in human computer 

interaction, Dr. Hurst’s work focuses on the intersection of making, accessibility, and psychology  
 

A week prior to the review, the authors sent the panelists an overview of the project, which included 
the challenge that the design was intended to address, the design principles that informed the project, a 
description of the project, and key questions for discussion. The authors also sent supporting materials, such as a 
sample of a lesson from the curriculum, as well as links to a short (3-minute) video and an hour-long podcast 
about the program. The panelists reviewed these materials before the meeting. The authors and panelists then 
met for 1.5 hours in a video conference during which the project leader presented for 20 minutes, the panelists 
asked questions of the authors, and then the group reflected on the design of the program for an hour.  

Design problem that the IDEAS project was created to address 
Similar to the general population, people on the autism spectrum have a wide range of strengths and abilities 
that, if nurtured, can set them on a variety of educational and career pathways. In fact, among those young 
adults on the spectrum who do attend college, more select STEM majors than the general population (Wei, Yu, 
Shattuck, McCracken, & Blackorby, 2013). However, research indicates that very few young people on the 
spectrum ever enter post-secondary education, especially those from underserved backgrounds, and even those 
who do have very poor college completion and career outcomes (Shattuck et al., 2012; Wei et al., 2013; Wei et 
al., 2018). With the prevalence of autism at one in 59 people in the United States (Centers for Disease Control 
and Prevention, 2018), it is essential to design educational experiences that enable such a large segment of the 
population to gain the social and executive function skills they will need in order to engage in meaningful work, 
and to ensure that the larger society can benefit from the unique perspectives these individuals can offer.  

There is a growing body of research related to students on the autism spectrum that shows that 
instructional and therapeutic strategies that draw on student interests can lead to improved social and functional 
outcomes. Maker programming is a promising method for improving the social and functional skills of youth on 
the spectrum because it allows them to engage authentically with peers and solve real problems as they learn to 
plan, test, revise, and complete projects that reflect their personal interests. To ensure that a large, diverse, and 
underrepresented population of students on the spectrum can benefit from making, the challenge is to design a 
program that includes all the informal, interest-driven aspects of making, but that can take place in normal 
public schools with inclusion programs and can be run by faculty in those schools.  

With funding from the National Science Foundation, a team of researchers (Education Development 
Center), program developers (New York Hall of Science), graduate students (New York University’s Tandon 
School of Engineering), expert autism educators (ASD Nest Support Project at New York University’s 
Steinhardt School), and public school teachers have created IDEAS (Inventing, Designing, and Engineering on 
the Autism Spectrum), an inclusive design and engineering program for middle-school students (grades 6-8) 
with and without autism, which is currently being implemented in New York City public schools. As students 
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engage in the engineering design process around projects based on their personal interests, our expectation is 
that they are developing the abilities and motivation necessary to pursue higher education and careers in 
engineering and design while also increasing the nature and quality of peer social interactions. 

Design Principles  
● We used a collaborative co-design approach to adapt the New York Hall of Science (NYSCI)’s 3D 

Design and Fabrication curriculum for use in inclusive middle-school clubs. From the very beginning, 
all stakeholders were involved in the adaptation process: special education and science teachers who 
work in the Nest autism inclusion schools and members of NYU’s ASD Nest Support project, the 
NYSCI maker educators and NYU engineering graduate students and faculty, as well as the EDC 
research team. Teachers and administrators at the pilot schools determined what would work given 
their schools’ resources, culture, and constraints, and we adapted the program to meet those needs. 

● In alignment with the ASD Nest program’s therapeutic model, we took a strengths-based approach to 
working with students on the spectrum. This means that the focus is not on students’ deficits, but 
helping students follow their own interests and encouraging them to build on what they do well and/or 
what they enjoy doing. 

● Because we recognized the value of building shared understanding of maker education and autism 
inclusion techniques, the NYSCI staff provided training to the rest of the team in maker programming 
and the particular 3D Design and Fabrication program we adapted, and the EDC, NYSCI and 
engineering grad students participated in an ASD Nest workshop.  

● In years one and two of the project, we engaged in iterative pilot testing and revision of the adapted 
program with students in participating schools. During the first year, the program was facilitated by a 
NYSCI maker educator, with help from teachers and engineering grad students. The program was 
revised based on that experience. During the second year of pilot testing, the program was led by the 
teachers with support from engineering graduate students and was again revised. In this final year, the 
program is being facilitated solely by the teachers. 

The Adapted Program 
The IDEAS program, which is offered in schools as an afterschool, lunchtime, or elective club, takes students 
through a series of skill-building activities that allow students to acquire new skills and a series of application 
activities that offer students the opportunity to apply the skills they previously learned, culminating in the use of 
a 3D printer to complete a final project that is based on each student’s strengths and special interests. Students 
engage in the engineering design process (EDP) throughout the entire program. Some of the adaptations that we 
made to the original NYSCI program to make it more appropriate for school clubs included (1) breaking long 
activities into smaller components to fit within the time constraints of school club settings; (2) providing Maker 
club teacher facilitators with tips and coaching on how to facilitate a 3D engineering and design club for a group 
of students of mixed ages and abilities, highlighting the ways in which it differs from teaching an academic 
class during the regular school day; (3) adding facilitation techniques for supporting children on the autism 
spectrum, such as accommodating for differences in students’ sensory processing and executive function; and 
(4) simplifying the materials used so that they can be easily purchased by the schools.  
 

 

Figure 1: Sample activity lesson plan 
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Figure 2: Engineering design process model 

 

 
Figure 3: Paper circuits activity 

 
 

 
Figure 4: Vibrating motors activity 
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Figure 5: Sample Final Project 

 

Research Findings  
Youth on the spectrum tend to have difficulty socializing with peers, in particular, initiating interactions. One of 
the goals of the program was to create an environment in which these youth had something compelling to talk 
about with others, to build their confidence and social skills. Pilot studies indicate that students with autism 
showed a high level (over 50% of the time) of social initiations that included (1) asking for help from their 
peers, (2) direct questioning of their peers for information about their projects, (3) initiation of spontaneous 
conversations while working on Maker activities, and (4) increased social initiations with students without 
autism. These rates were even higher than the general education students. Project stakeholders also witnessed 
the passion and dedication of many students, both on and off the autism spectrum, as they engaged with their 
peers in Making around their interests.  

During this final year of the project, the team is conducting a research study to investigate whether the 
program can be implemented sustainably in New York City autism inclusion schools, whether it shows promise 
for helping students with autism spectrum disorder and their general education peers understand and engage in 
the engineering design process, if it increases their science and engineering interest and career motivation, and if 
it increases the nature and quality of their social interactions. The team has disseminated information about this 
project through different media, including a feature on Maker Ed and Autism on the podcast No Such Thing, an 
NSF STEM for All video showcase video, and numerous presentations at conferences, including the 
International Society for Autism Research and The Council for Exceptional Children.  

Key Questions 
Our team believes that the IDEAS Maker Program and the design process we used to develop it is a promising 
approach for creating new opportunities that help students on the autism spectrum engage productively with 
peers around their interests to gain the social and executive function skills necessary for college and careers. We 
reached out to the three panelists because of their expertise in urban special education, science education for 
students with disabilities, and designing making programing for urban youth. Our discussion focused on the 
following questions:   
 

● What program design issues do we need to consider in order to expand this program, and the use of 
making more generally, to other districts, other age groups, and other contexts, and with other 
populations of underrepresented students? 

 
● How can we design the program to deepen connections between students’ academic STEM experiences 

and the making experiences, while still connecting to their interests (for example, by building toward 
more rigorous content in the informal program and/or infusing more making experiences into the 
academic courses)? 

 
● What professional development experiences do we need to design for teachers who were not directly 

involved in the design of the program to enable them to implement a maker club at their school? 
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Panelist Feedback  
The panel was asked to provide feedback on both the design of the program, and the design of the collaborative 
co-design research process that was used to create it.  

Positive aspects of the design  
The panel saw the design of the program as high quality because: 

● It was designed to focus on students’ strengths rather than their deficits. It gives teachers a chance to 
see what students are capable of outside of the academic setting and specific academic requirements. 

● Many of the design features that were included to support students on the autism spectrum in maker 
and engineering activities actually reflect universal design features, such as encouraging students to 
engage and express themselves in different ways, being multi-modal and hands-on, and having teachers 
present material in different ways. 

● There is a clear mapping between the steps of the engineering design process and skills related to 
executive function, which are skills that all students, but particularly students on the autism spectrum, 
need to build. For example, the “making a plan” EDP step is related to planning/prioritizing and 
organization, and the iterative process of creating, testing, and revising prototypes can develop 
flexibility and goal-directed persistence.  

● The activities currently in the program have the potential to connect to middle school level Next 
Generation Science Standards. 

Positive aspects of the research 
The panel saw the design of the research process as high quality because: 

● It recognized and supported the role of the teacher as critical to adapting the activity for student 
differences. Teachers and school administrators were involved from the beginning in adapting the 
program to work in school-based clubs. 

● It used social interactions among participants as a measure of program value along with other 
measures. 

Program components in need of improvement 
The panel recommended the following changes or additions: 

● The panel noted that strengths are different from interests and that to take a strengths-based approach it 
is important to understand what students’ STEM strengths are. The panel suggested the design of a 
research instrument that would allow us to look systematically at what the strengths are that students in 
general, but particularly students on the autism spectrum, bring to these STEM activities. Such an 
instrument could then be applied more broadly in STEM education and could also substantiate this 
project’s claims that students’ strengths are particularly well-suited for making.  

● The panel wanted the research to be designed to tease out what are the unique aspects of making in 
particular that are effective for some students who might need more time or different entry points or 
objectives to be successful. (For example, maybe the key factor is that the program is facilitated and 
not taught; maybe the key is that making requires problem solving, iteration, and resilience; maybe an 
important aspect of making is that students are allowed to socialize and build community with their 
peers.) This information could help teachers see certain characteristics as strengths rather than deficits, 
for example, reframing hyper-focus (seen as a deficit in students on the autism spectrum) as persistence 
(a positive trait), especially in the context of a making environment, which allows students more 
freedom to demonstrate different ways of achieving goals than a typical academic environment. 

● The panel encouraged us to reframe the messaging for this program as `universal design for learning’, 
rather than as specifically for students on the autism spectrum or for autism inclusion settings. The goal 
is to make any science curriculum accessible for any student. The trend in special education now is to 
get away from narrow programs for specific disabilities and move to broader programs that work for a 
wide range of students and abilities. They felt that in many ways the program itself has universal 
design elements (for example, enhancements that were made to the program, such as visual supports 
and checklists, could benefit many different students) and that the messaging around the program 
should be that it is inclusive, not focused on autism particularly. 

● The panel observed that, while it was valuable to include teachers in the co-design process, it is just as 
important to include students in the co-design process. This means more than just having students 
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involved in the pilot testing. They need to be involved in giving iterative feedback on the activities. 
This will be particularly important if we expand the program to high school.  

Potential next steps 
The panel saw ways to take the design into new territory, such as:  

● Reaching out to pre-service teachers and teacher education programs. Many states now have a mandate 
for teachers to earn dual certifications in special and general education, and this kind of program is one 
that brings different disciplines together. The program could be adapted for pre-service teachers to use 
during their classroom placements. 

● Reaching new districts by creating a series of PD videos about how to facilitate the program, and how 
to connect to maker resources in local communities. The panel stressed, however, not to let districts see 
this as PD only for special educators, but for all educators.  

● Integrating the program into classroom instruction by strengthening the core content in the program 
and making explicit connections between the program and state or national science standards so that 
districts can see how this approach can help them achieve instructional science and engineering goals 
for students with and without disabilities. 

● Bringing the program to older students by connecting making to real world problems. The current 
program helps students build foundational skills, but we need to think through what students can then 
do with these skills to achieve more complex goals. 

● Enhancing the workforce development potential of the program by connecting with companies that do 
3D printing and fabrication, organizations like American Association for the Advancement of Science 
which has relationships with STEM industries, and with organizations and institutions such as 
University of New Hampshire that focus on transition services for students with disabilities.  

Discussion 
The feedback from the panelists was valuable in thinking through what is required to move the program 
forward. One important first step is to re-examine the messaging, and how to ensure that the program is not 
presented or perceived as primarily for students on the autism spectrum, but for all students. We’ve even 
considered changing the name going forward, from IDEAS: Inventing, designing, and engineering on the autism 
spectrum, to IDEAS: Inventing, designing, and engineering for all students. This is not only a “branding” 
change, but is based on what we have seen in the project, which is that those supports that were created 
particularly with students on the spectrum in mind, such as checklists and visual prompts and models of the 
EDP, are in no way exclusively beneficial for that group of students, but for many students with and without a 
range of disabilities.  

Another important piece of feedback that we have already started to act upon is to reach out to 
preservice colleges. We have been in discussion with a representative from Touro College, where many pre-
service teachers in New York City obtain their degrees. They are having an event for pre-service teachers this 
spring that focuses on autism, and have invited members of this team to attend. We hope this will lead to 
possible future pre-service co-design efforts. This will necessarily require us to think about how to show explicit 
connections to standards to achieve instructional goals if they were to use it in student teaching.  

Finally, feedback from the panel about understanding what it is particularly about making that may 
promote student strengths, and about involving students more in the co-design process, has made us rethink our 
final round of data collection for the spring. We plan to include questions in the student interview that probe 
more deeply about whether and how this experience is different from what they do in school, how the work they 
did was related to their interests, and how they might change the activities to make them better. Moving 
forward, if we are able to scale up the program, we will seek to involve students more fully from the beginning, 
especially if we scale up to a high school program.  
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