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Teachers' Experiences Co-designing Neurodiverse Pedagogies for Computational Thinking 

  
 

Purpose 

The purpose of this research was to study the experiences of middle-school teachers of autistic 

students during the co-design of neurodiverse pedagogies for computational thinking (CT) within 

the context of a research practitioner partnership (RPP). This knowledge building partnership 

was founded on the neurodiversity paradigm and challenges the assumption that individuals with 

disabilities are exceptions for which accommodations must be made. Neurodiversity, here, is 

viewed as the natural variation of neurological differences and as such is proposed to be the 

baseline in every educational setting (Silberman, 2016; Walker, n.d.).  When neurodiversity is 

seen as a baseline for an educational community, the focus is on educating diverse (whole) 

individuals rather than planning and teaching a standard computational thinking curriculum, 

while adding accommodations or adaptations to meet the needs of individual students. 

Our paper presents the results from a critical event analysis using qualitative data 

collected during the first year of a three-year mixed methods study, which includes teacher 

workshop mini-interviews and teacher embodied interviews. In this study, we ask: How do 

teachers experience the co-designing of neurodiverse pedagogies for computational thinking in a 

research practitioner partnership? And, how do these teachers modify and diversify their 

teaching practices of CT? 

Perspectives  

This project responds to two educational challenges: (1) Students with disabilities, 

particularly those with autism, experience unequal outcomes in STEM education and 

employment (see Roux et al., 2015; Shattuck et al., 2012), and (2) The integration of STEM 

education, specifically computer science education, with the arts and creative expression has too 
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frequently gone unconsidered. Many have noted the necessity of creativity for innovation in an 

evolving economy, yet few have integrated creativity and the arts in the computer sciences and 

more broadly STEM education (see Liao, 2016). More specifically, we aimed to develop 

technologies and pedagogical techniques that would be sensitive to diversely embodied 

experiences. These teaching/learning methods were meant to appeal to innate playfulness, 

building CT skills as well as social and emotional capacity. Because neurotypical pedagogies, 

teaching methods and practices that are designed for modes of teaching/learning that fall within 

dominant societal norms, are not inclusive to neurodiverse students, our partnership sought to 

develop neurodiverse pedagogies, teaching methods and practices that are designed for multiple 

modes of teaching/learning, including those that fall beyond dominant societal norms. 

Neurodiverse modalities enhance existing educational approaches and introduce collaborative 

experiences that support future successful STEM employment but are often neglected in 

traditional approaches to CT teaching.  

We aspire against settler colonial logics deeply entrenched in university research and 

education (Paperson, 2017; de Sousa Santos, 2015; Bhambra, 2018; 2020) by using a democratic 

co-design process involving educators beside researchers, thus aiming both to generate useful 

knowledge and rewarding classroom tools as well as insights for learning science. In this study 

co-design, research and pedagogical approaches include elements of embodiment, creativity, and 

ensemble, which extends on neurotypical pedagogies of cognitivism, linearity, and 

independence. We use two main embodiment strategies: manipulatives and gestures. 

Manipulatives have long served as a mediating device in the teaching of abstract concepts (Page, 

1990). Embodied cognition research showing sensorimotor-based actions ground the teaching of 

abstractions (Barsalou, 2008) provide support for this practice. In fact, evidence suggests 
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grounding abstractions in concrete examples (e.g., manipulatives) yields stronger learning 

outcomes (Fyfe et al., 2014). Furthermore, gestures can influence comprehension (Thompson & 

Massaro, 1994), support verbal communication in children (Grassmann & Tomasello, 2010), and 

promote content specific learning (Singer & Goldin-Meadow, 2005). Gestures also play an 

equally important role in collaborative exercises, as students jointly embody movements to 

facilitate multimodal reasoning (Arzarello et al., 2009). Actively incorporating gestures into the 

learning environment not only supports learning but multiplies the avenues through which 

students can express themselves.  

The development of technology for this project was inspired by research in the areas of 

digital-physical musical instrument design, participatory and ensemble sense making (De 

Jaegher & Di Paolo, 2007), STEAM education (Kritsis et al., 2018), and play (Tomas, 2020; 

Ikawa & Matsura, 2020; Barbosa et al., 2017). We draw on recent teaching and research (Barua 

et al., 2020; Mechtley et al., 2019; Sha, 2016; Synthesis, 2021; Thorn et al., 2020; Thorn et al., 

2019) to create a digital-physical system for telematic musical making in ensemble that centers 

gesture and embodied interaction, which we call telematic embodied learning (TEL). 

Furthermore, this study situates neurodiversity in the context of CT. Wing (2006) 

describes computational thinking (CT) as a process for “solving problems, designing systems, 

and understanding human behavior, by drawing on the concepts fundamental to computer 

science” (p. 33). The central task of CT is the formulation of problems that can be solved 

through computational steps (Aho, 2012). Furthermore, researchers credit CT in education with 

creating stronger ties to real-world contexts (Jona et al., 2014), with improving higher order 

thinking and collaborative problem-solving skills (Fessakis et al., 2013; Kafai & Burke, 2014) 

while it is also argued that CT can be inaccessible to individuals with disabilities (Burgstahler & 
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Ladner, 2006; Ladner & Stefik, 2017). Finally, education, in the context of CT, tends to 

reproduce learning modes that privilege linear, isolated, neurotypical, and cognitivist thinking 

over that of creative, interdependent, and embodied interaction.  

Participants and methods 

Four teacher fellows (TFs) with diverse professional backgrounds in fields including 

biomedical engineering, educational technology, early childhood, music, and fine arts were 

recruited to participate in the first part of this study. Teachers’ areas of teaching entail STEAM, 

including math, science, and coding, adapted physical education (APE), and music/band in Title 

1 schools. Two TFs exclusively serve students with autism; the others serve students with and 

without autism labels.  

During year one, TFs participated in four researcher facilitated workshops held on 

Saturdays, each lasting three to six hours. These workshops introduced TFs to the core wearable 

music instruments and created a space for dialogue, practice through play and experimentation, 

and instructional planning. Between each workshop, TFs used the technology themselves and 

with their students. Feedback from TFs to the researchers directed multiple iterations of the 

M5Stick device as well as the various instruments (apps).  

TF workshop mini-interviews and embodied interviews comprised the data sources for 

this study. TF interviews included questions about their past, current and planned CT 

experiences and neurodiverse pedagogies. Mini-interviews were approximately five to ten 

minute open interviews held during workshops 2 through 4 with all TFs. Embodied semi-

structured interviews (Kvale, 2015), in turn, asked participants to elaborate their responses while 

engaging in play and musical exploration and lasted up to 60 minutes. Embodied interview data 

included audio and photographs. Interview audio was transcribed and then critical incidents, 
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events that had specific significance or that made a considerable contribution to the lives and 

experiences of the participants (Angelides, 2001; Flanagan, 1953; Tirri & Koro-Ljungberg, 

2002), were identified. We defined critical events in this context as events with significance for 

TF development of neurodiverse pedagogies. These events were further described as either, (a) 

surprising or unexpected events indicated by the TF that caused them to think differently, (b) a 

moment mentioned by the TF where new pedagogical possibilities were considered, and (c) TF 

process/development of new or shifting pedagogical perspectives during the interview. Identified 

critical incidents were grouped, categorized, and searched for patterns across and within 

individuals. 

Findings 

Initial results from critical event analysis indicated that teachers experienced critical events 

related to the development of neurodiverse pedagogies as issues of balance in structure and 

improvisation, multisensory and multimodal learning, engagement with purpose, and the valuing 

of nonstandard teaching/learning methods. For example, neurodiverse pedagogies involved a 

delicate balancing of structure and improvisation (Beghetto & Kaufman, 2011; Sawyer, 2019). It 

was felt that the technology in this project provided sufficient structure to guide CT learning that 

was not completely chaotic. 

“This allows you to have sufficient structure. There’s only certain movements that make 

sound. They’re not gonna just go crazy… It allows you to introduce topics of movement 

and music which could be chaotic, but it gives you enough structure with the technology. 

It ends up working out alright” (TF1). 

TFs also felt that teaching neurodiverse students necessitated multiple pathways, rather than one 

direct path. Thus, teaching included multiple strategies and approaches. In addition, TFs continue 
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to develop neurodiverse pedagogies that generate multisensory and multimodal learning in the 

context of CT. Activating the brain to process information using different sensory modes helps 

students make new or different connections (Arzarello et al., 2009; Barsalou, 2008). 

“Something I didn't really think about until we started playing around with these 

instruments is that my teaching has really been limited to sight. We write a code and you 

see it on the screen. Then it produces some output that the students see. Almost 

everything I do is visual, but to assume that every student is a visual learner wouldn't be 

an appropriate assumption to make…I didn't think about this but, yeah, learning should 

be using as many senses as possible. That's activating more areas in your brain. It's 

creating more connections because you're linking into all your senses” (TF2). 

Furthermore, TFs realized that sensory modes are not separate from each other, so developing 

technology, apps, activities, and strategies that combine senses could help in a classroom with 

neurodiverse students (Manning & Massumi, 2014). Along with multisensory, multimodal 

teaching was described as using multiple lessons, low tech to high tech, multiple times 

throughout the year.  

The TFs who teach STEM stressed engagement with purpose. They felt that the 

technology was initially highly engaging, but there needed to be meaningful and purposeful 

activities to keep students engaged. More specifically STEM teachers described that they began 

lesson planning with a CT concept in mind, then used the technology to teach, reteach or 

supplement the teaching of that concept, reminiscent of a spiral curriculum model (Ireland & 

Mouthaan, 2020). But overall, the end goal was to get the students to think deeply and apply 

their understanding; “I'm gonna push them into something a little bit higher so that they can get 
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exposed to higher order thinking, creation. Then, hopefully that will build up overtime 'cause that 

doesn't happen overnight” (TF2). 

 TFs developed neurodiverse pedagogies because they valued the use of nonstandard 

teaching and learning methods for their students. TF2 described reciprocal teaching pedagogy 

where the teacher is the lead learner and stressed the multisensory and multimodal teaching 

strategies mentioned above. This TF also noticed how these pedagogies, along with the 

developing technology, were affecting social and emotional learning. TF2 also alluded to a 

difference in neurodiverse learning time when mentioning direct and nonlinear teaching 

structures (Ireland & Mouthaan, 2020). TF1 described how neurodiverse pedagogies include 

multiple pacings which can accommodate all students (Holmlund et al., 2018). Additionally, TF1 

explained that teachers can be intentional about the kinds of CT activities they present so that 

diverse thinking styles are accepted, and even encouraged. For example, teachers could “give 

students a physical challenge where they’re using kinesthetic learning and they’re building 

something. This actually opens the door for students who have nonstandard ways of thinking 

about and processing information” (TF1).  

TFs experienced neurodiverse pedagogies as structure and improvisation, multisensory, 

multimodal learning, purposeful engagement, and nonstandard teaching/learning methods. These 

experiences contributed to modification and diversification of CT teaching as related to the 

subject area, students, M5Stick device, and apps. 

Scholarly Significance 

The broader impact of this research addresses CT education and the need for more inclusive 

educational practices that will benefit all neurodiverse individuals and especially those with 

autism, their teachers, and ultimately employers of neurodiversity. We study and generate 
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curricular materials and instructional technologies that teachers in middle and high schools can 

adapt for neurodiverse learners in the context of STEM and CT. Furthermore, this study 

specifically speaks to the teacher’s experiences developing neurodiverse pedagogy, which 

encourages difference, offers supports and scaffolds, and presumes competence. This practical 

knowledge and insight into neurodiverse education, computer science, and creativity can lead to 

more stimulating teaching practices and educational materials, increased respect for neurodiverse 

children in schools, and pathways of support and facilitation that increase the employment 

potential of neurodiverse students, including those with autism, in a more inclusive economy. 
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