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Figure 1: Youth participate in a stretching session while wearing inertial measurement units (IMUs) wirelesssly coupled to
laptops that generate music in the classroom.

Abstract

We, a team of teachers and researchers, share examples of col-
lectively playable instruments that challenge normative assump-
tions about intention and agency in digital musical instruments.
These instruments enliven neurodiverse sensemaking in par-
ticipatory design and STEAM learning. Through a multiyear
research-practice partnership (RPP), we collaborated with teach-
ing fellows to co-design a curriculum for neurodiverse middle
school students that activates computational thinking (CT). This
collaboration led to a web-based, quasi-modular interface con-
nected to wearable music sensors. We situate our work within
the growing literature on participatory design of collaborative
accessible digital musical instruments (CADMIs). We describe
how our co-design methods address the complex demands of
ecosystemic thinking, sensitive to the varied entanglements that
complicate traditional human-computer interaction (HCI) design
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and evaluation methods. Our pedagogical and methodological
approach diverges from deficit-focused strategies that aim to
develop neurotypical communication skills in neurodivergent
individuals. Instead, we promote cross-neurotype collaboration
without presuming a single mode of "correct" communication.
Furthermore, we surface the potential of CADMIs by linking
this notion to a pluralization of agency that extends beyond
one-to-one body-sensor relationships. We develop accessible in-
struments within neurodiversity and autism contexts, avoiding
reification of mindbody relations and recognizing them as dy-
namic, field-like, and embedded in facilitative relations for these
communities.
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1 Introduction to Neurodiverse Sensemaking

Pluralizing agency is a key affordance of technology-infused arts
practice. This surfaces especially in collective dance improvisa-
tion (CDI) and has a rich history (e.g., field-based, relational media
constructed by John Cage and Merce Cunningham in the 1960s
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[37]). By contrast, the more recent evolutions of this technology
in ubiquitous, ambient, and wearable computing have moved
towards a normative ontology rooted in a classical, atomistic
understanding of the individual.

Research on accessible digital musical instruments (ADMIs),
in turn, has grown within NIME, with a recent shift from assis-
tive "adaptation” of preexisting instruments—often viewed un-
favorably by the disabled community for perpetuating ableism
[42]-towards more participatory and flexible design processes for
creating accessible instruments [15]. This shift is evident in the
trend toward speculative design and the use of tools that facilitate
generative design of novel instruments [2, 16]. Recent literature
also includes work with autistic or neurodivergent individuals
[24, 60, 61].

In our RPP, called NEWMT ("Neurodiverse Educational Wear-
able Music Tech"), we put forward a plural and diversifying "neu-
rodiverse sensemaking,’ a turn of phrase we use to frame our
combination of speculative co-design [1], embodied and partic-
ipatory sensemaking [10], development of CADMIs, and our
adoption of a fourth-wave "entanglement HCI" perspective [14].
Drawing on HCI techniques utilizing embodied sensemaking to
drive playful first-person encounters using tangible artifacts [21],
we programmed wearable inertial measurement units (IMUs)
that could be embedded in props or worn on the body, using a
paradigm of relational parameter mapping sonification that plu-
ralizes agency (see Figure 1). For this project, we did not develop
CADMIs as tools to correct or assist neurodiverse sensemaking
in view of privileged neurotypical and linguistic models such as
turn-taking, but rather constructed CADMIs as ways to create
friction with neurotypical models of intention and agency. These
kinds of digital musical instruments do not map one-to-one with
bodies in space. Instead, they disrupt isolated, linear, and cogni-
tivist models of volition, thought, and movement, potentiating
sensitization to neurodiverse sensemaking—a term that does not
indicate “neurodivergent sensemaking,” as is often misunder-
stood in the literature, but rather the full plurality and breadth
of sensemaking: ways of communicating and being in the world,
including both neurotypical and neurodivergent modes, without
privileging one over the other.

Too often the term "collaborative" is freighted with colonialism,
assuming that collaboration should proceed in a neurotypical
way. This approach misunderstands the social model of disability,
which can only be systems-based, inter-relational, and always
becoming [39]. In this project, collaboration is always open to
neurodiverse ensembles and ways of being together, which is also
essential to our conception of neurodiverse sensemaking. While
third-wave HCI has turned away, to a certain extent, from neu-
rotypical linguistic models that beset interaction design in order
to discover more primary modes of embodied and tacit being-
together [23], this approach still tends to engrain the notion
of a determinate "user" with certain features or characteristics
that can be designed for outside of the determinacy and unique
entanglements of a particular situation.

Haraway reminds us that all "critters" and matter, human and
more-than-human, "become-with each other, compose and de-
compose each other, in every scale and register of time and stuff
in sympoietic tangling...earthly worlding" [18]. All processes, in-
cluding processes in our research, are relational and thus they
interact with other processes, matter, and actants [5]. Drawing
on Barad’s agential realism, we emphasize that "relations pre-
cede relata" [4]. These recondite expressions orient us toward
possibilities difficult to express, drawing us into a speculative
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element that we seek to make felt (i.e. "felt meaning" [17]) and
embodied in our workshops through what we have previously
called "collectively playable" instruments [51, 52], but adapt here
to a more critical adoption of the recently proposed "CADMI"
category [25]. These instruments use statistical aggregates of
motion features and relational contingencies to sensitize partici-
pants to the entanglements and heterogeneities of neurodiverse
sensemaking and experience.

To summarize, participatory design has been, for us, computa-
tionally augmented, embodied speculation on ways of relating
that do not privilege a particular neurotype in situations of cross-
neurotype collaboration. Hence we view the pluralization of
agency as the key affordance of wearable music technology. This
also enables us to offer a more radical notion of a CADMI, based
on relationality, that moves past some previous literature (see
e.g. [24]).

This paper builds upon recent CADMI literature (e.g., [24]) but
departs from therapeutic or assistive framings by emphasizing
cross-neurotype co-design, entangled agency, and the activa-
tion of CT concepts through collectively playable instruments,
grounded in neurodiversity theory and process-oriented HCL. We
outline: (1) key research and theory on neurodiversity, (C)ADMISs,
and collaboration; (2) exemplars from recent NIME or adjacent
literature that surface tensions and possibilities; (3) our framing
of neurodiverse sensemaking and computational thinking; and
(4) reflection on our NEWMT project’s co-design methodology
and outcomes.

2 Background and Related Work

2.1 Neurodiversity: Foundational Paradigms
and Social-Relational Perspectives

Nick Walker initially noted that “neurodiversity is the diversity
of human minds, the infinite variation in neurocognitive func-
tioning within our species,” which formulates the basis for the
neurodiversity paradigm as a holistic perspective that values neu-
rodiversity and renounces the idea of a “normal” mind or a “right”
kind of neurocognitive functioning, and acknowledges neurodi-
versity’s socio-political dynamics [57]. Neurodiversity integrates
biological and political dimensions, challenging assumptions of a
“normal” mind and emphasizing identity rather than pathology
[7, 57]. Rather than framing impairments as individual deficits,
the social-relational model positions disability as emerging from
the interaction between individuals and systemic conditions [39].

Further, extending from biological and evolutionary neuro-
diversity approaches, Chapman [7] outlined a social ecological
model of mental functioning that focuses on propensity traits and
niche contributions that can be addressed at both the individual
and group levels. For example, he states that there are several
autistic cognition capabilities (e.g., hypersystematizing, hyper
attention to detail, intense focus) that can lead to specific niches
(e.g., computer culture). In this example, the focus is on charac-
teristics that are viewed as strengths. Likewise, a person’s deficit
characteristics, at the individual level, can contribute to necessary
group functions. Less attunement to neurotypical social conven-
tions, for instance, can lead to increases in original thought and
a decrease in sensitivity and reaction to social pressures. Most
important, neurodiverse groups (i.e., groups composed of indi-
viduals with differing neurocognitive functioning styles) have a
wider range of mental resources for problem-solving and dealing
with uncertain situations as well as less propensity towards con-
firmation bias [7]. Operating from the neurodiversity paradigm,
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thus, promotes a shift from individual pathology to relational
dys/function, with the goal of decreasing disability stigma and
increasing collaborative creativity. In turn, such a shift can des-
tigmatize neurodiverse ways of sensemaking. This perspective
informs NEWMT’s work on neurodiverse tech workplaces and
employer training [41].

2.2 Process, Entanglement, and Agency

The neurodiversity paradigm also emphasizes how fluid, ongoing
processes—rather than fixed traits—emerge through intra-actions
among bodies, minds, and environments. This process-oriented,
relational view resonates with broader shifts in HCI and musi-
cal interface design, with increasing attention to the entangled,
emergent nature of agency and interaction.

Despite the increasing adoption of processual approaches to
understanding NIMEs [45]—paralleling a push, based on Barad’s
agential realism [4], to adopt entanglement as HCI's “fourth
wave” [14]—the NIME literature still lacks a more critical under-
standing of processuality as it relates to neurodiversity. Though
the neurodiversity movement has been active for over two decades,
its influence in NIME remains limited, with Wright being the
notable exception to explicitly draw on this framework [60, 61]
and others mentioning or acknowledging the term without ad-
dressing its criticality (see e.g., [24, 26, 30, 32]).

Nonetheless, there are signs of a growing post-normative un-
derstanding of agency within or adjacent to NIME. For example,
McPherson’s critique of “smart” instruments, approached from
the lens of entanglement, questions the value of instruments that
attempt to model or represent a performer’s intentional state
[33]. This is problematic not only because such representations
often fail (e.g., the machine misinterprets the “notes”), but be-
cause of the myriad assumptions papered over in the concept of
“intentionality” itself, and how intentionality is recognized and
practiced.

In ADMI design, the drive to stabilize agents and relationships
becomes problematic when confronted with the complexities of
neurodiversity, which demand a serious consideration of “crip
spacetime” [42] and fluid non-binary processes. This necessitates
recognizing that agency itself is not fixed, but dynamic, porous,
and embedded in a network of changing relations (see, e.g., [4]).
More so, cripping spacetime, here, implies a pluriversality and
intersectionality of ADMI designs to represent neurodiversity
and autism fully, where agency is multiplicative, overlapping, and
competing within and against oppressive normative structures.
A neurodiversity perspective helps deconstruct the traditional
“volition-intentionality-agency triad” [31] that still underpins
much of NIME theory, despite the growing call for ecosystemic
approaches in both academic discussions and conference organi-
zation.

Even as NIME embraces more sophisticated enactive and em-
bodied approaches, the conception of ecology as a “community
of agents” [45] remains rooted in “interaction,” a perspective that
agential realism, which has gained momentum in HCI over the
last five years [33], critiques as restrictive. By contrast, neurodi-
versity advocates for an understanding of relations as intra-active
[4], incomplete, and multi-sensory, forming a stronger and more
fluid sense of ecology. This shift might help resolve long-standing
discomforts with the concept of “interaction” in computer music
(e.g., [11]).

Neurodiversity also deepens the implications of enactive, sen-
sorimotor approaches to thought, where action and perception
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are undifferentiated. This perspective sidesteps the need for an in-
tentional subject as a computational intermediary who builds an
internal model of the world [13]. For neurodivergent individuals,
sensorimotor loops, such as “stimming” or adaptive responses,
are performances of sensemaking that challenge conventional
divisions between sensory input and intentional action [8, 27, 36].

In ADMI research, neurodiversity similarly exposes the mor-
alized biases in evaluation protocols that separate sensory and
cognitive modalities [9]. Such perspectives overlook the holistic
nature of sensorimotor experience [38], succumbing to techno-
logically pre-theorized models that divide the senses. Thus, in
this study, neurodiversity, far from being an exception, serves
as a baseline that challenges these colonial distinctions, with
important implications for accessibility.

2.3 Collective Dance Improvisation (CDI) as
Entangled Sensemaking Model

Collective Dance Improvisation (CDI) offers a lens to expand
“thought” beyond linear, rational, or purely symbolic systems.
Maxine Sheets-Johnstone underscores the kinetic dimension of
thought, “the interfusion of sense and movement,” which sur-
faces what language often obscures [48]. By intensifying group
exploration of intention and movement, CDI reveals a fluid blend
of leading and following—dancers simultaneously move and are
moved—exposing the undecidability of distinct roles. The kinetics
and fluidity of CDI are pertinent to neurodiverse sensemaking,
since many neurodivergent people engage in nonverbal, non-
linguistic, or less conventional modes of communication. CDI
makes these multiple modes of expression central to group inter-
action rather than peripheral or pathological.

CDI also aids in studying complex system dynamics in lived
experience. Himberg et al. leverage CDI to track emergent group-
level phase transitions, revealing qualitative shifts in collective
affect [20]. Drawing on Barad’s agential realism, we label these
bifurcating shifts “agential cuts,” which illustrates why, for in-
stance, five bodies need not imply five discrete subjects. This
resonates with third-wave HCI’s blurred boundary between de-
signer and user [58], and with Barad’s reminder that “quantum
phenomena are not limited to some alleged ‘micro’ domain” [4].

Himberg’s approach further leverages participatory sensemak-
ing [10]. The latter framework has informed “embodied sense-
making” [21] and somaesthetic design [23] in HCI, methodologies
which foreground nonverbal communication and coordination
through action, rather than relying solely on verbal exchange—an
idea echoing Sheets-Johnstone’s “kinetic bodily logos” [48].

Historically, Cage and Cunningham embodied a similar ethos
in ’analog’ music technology, using photocells and capacitive an-
tennas to transform the stage into a responsive instrument [37].
By treating ambient light as a relational field, they sidestepped
engineering-centric discourse in favor of body-based play. These
experimental arts practices align with neurodiverse sensemaking
by recognizing that the multiplicity of mindbodies co-construct
experience together. Today, networked wearable computing broad-
ens such possibilities, enabling collective, room-scale digital
instruments that transcend individual control. Attuned to the
body’s natural affordances (e.g., rotational movements), these
wearables mirror a neurodiverse perspective.

These toolkits use sensorimotor dynamics and relational map-
pings to support emergent behaviors. Replacing control with
“wonder” [46], CDI and related approaches pluralize agency in
ways that align with neurodiverse sensemaking.
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Our previous research has actively developed these principles
through a series of participatory projects involving wearable
music technologies. We have explored how process-oriented co-
design enables entangled, improvisational forms of sensemaking
in both in-person and telematic settings [50, 51]. These systems
challenged linear mappings and single-user intentionality by
leveraging collectively playable interfaces that distribute agency
across participants [52]. The present work builds directly on this
trajectory, extending it through a deeper engagement with neuro-
diversity, computational thinking, and multi-sensory pedagogy.

3 Exemplars from Recent Literature

To ground our argument in practice, we examine three recent case
studies (published within the past year) that illuminate critical
issues at the intersection of neurodiversity and wearable/music
technologies. Drawn from NIME and journals adjacent to NIME,
these studies generate opportunities and challenges, clarifying
how design choices can either reinforce or disrupt normative
assumptions about agency, communication, and collaboration
(see Table 1 for a summary outline.)

3.1 Ivanyi et al.: Therapeutic Practices and
Neurotypical Goals

For instance, Ivanyi et al. leveraged insights from therapeutic
practices and collaborative technology theories to support so-
cial, collaborative, and communication abilities [24]. The most
intensive recent engagement in the NIME literature with autistic
youth, it is interesting to note, though, that this research included
only autistic youth co-designers while focusing on nonautistic
or neurotypical social communication and collaboration skills.
Although the inclusion of autistic co-designers is aligned with the
neurodiversity paradigm, the focus on changing communication
behaviors to fit neurotypical conventions is not. To develop so-
cial communication and collaboration for the “real world,” cross-
neurotype (or neurodiverse) groups of co-designers could be used.
This would encourage the development of social problem solving
and communication skills without designating one way as better
or normal.

Additionally, several neurotypical assumptions were made in
the work of Ivanyi et al.,, including the assumption that autistic
children lack awareness of others, that social abilities should
be assessed based on neurotypical conventions, that all youth
participants could speak, read and write at the same level or in the
same way (for questionnaires and social interactions), and that
neurotypical goals should be chosen for autistic children (without
their input as to what would be helpful to them). Interventions
here supposed that autistic children had to do the changing rather
than the environment, including the technological capabilities,
or some of both. Furthermore, the research design of Ivanyi et
al. was evaluated through a case study and an existing rating
scale. Both of these design choices utilize representativeness of
the sample and standardization of responses which connect this
study to neurotypical knowledges. Similarly, Ivanyi et al. stated
that the “importance of clear guidelines for effective ideation
was underscored,” which foregrounds the right, correct, and clear
way of engaging in thinking and doing, thus often reflecting
neurotypical processes.

Alternatively, it is possible to co-design with autistic and non-
autistic (i.e. neurodiverse) students in ways that develop all of
their communication and collaboration skills with the objective
of teaching abstract concepts, such as CT, that are necessary and
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beneficial to all students. Additionally, one can assume that bod-
ies are always in relation; therefore, people, technology, and other
more-than-human entanglements are in various states of attune-
ment with each other. The experiences within our own NEWMT
methodology (detailed subsequently) aligned more closely with
interactive educational technology to support learning, rather
than technology to implement an intervention, following the as-
sumption that no subgroup of students needed to change to better
mimic another and that all students could learn together. Our
co-designers also continuously pushed against the assumption
that literacy (i.e. reading, writing, speaking, listening to verbal
input) is the dominant mode for knowledge making by designing
learning experiences that relied heavily on movement and music
and by attending to multi- and cross-sensory intra-actions (see
Figure 2).

Figure 2: Youth engage with NEWMT technology and les-
son plans during a summer camp for our RPP.

3.2 Nonnis and Bryan-Kinns: E-Textile TUIs
for Autistic Children

The learning experiences facilitated by NEWMT, both with teach-
ers and students, were based in play, or open-ended, playful
interactions with the people, technology, and props available
in the learning environment. Although we know that play is
crucial for child development and is supported by the United
Nations Convention on the Rights of the Child (UNCRC) as a
fundamental right for all children [55], we also know that some
children, including autistic children, can experience anxiety and
discomfort during “play” experiences because of unwritten social
expectations and unpredictable physical environments. Nonnis
and Bryan-Kinns note that many autistic children experience
heightened anxiety in social settings due to environmental fac-
tors (e.g., lighting, sound, spatial layout) and the social dynamics
often present with neurotypical peers. [34]. Additionally, they
emphasize that promoting socially engaged play requires ad-
justing both the physical environment and the attitudes of non-
autistic adults and researchers to better support neurodivergent
children’s needs, including their self-regulatory behaviors like
stimming. These researchers focused on increasing inclusivity for
social play by expanding technological design and rejecting med-
icalized or pathological approaches to design. They specifically
moved beyond the typical screen-based devices, virtual reality,
and robots to explore tangible user interfaces (TUIs) to “foster so-
cially engaged and spontaneous play of and between [minimally
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Table 1: Comparison of Case Studies and Alignment with NEWMT

Case Study Design Assumptions

Alignment with Neurodiversity Our Divergence / Extension

Ivanyi et al. Therapeutic framing; improving so-
cial skills via neurotypical norms

Nonnis & Bryan-Kinns  Sensory-friendly TUIs; play-based
interaction; non-verbal communica-
tion

Harrison & McPherson Instrument as adaptable tool; bal-
ancing musical and therapeutic
goals

Partial - includes autistic youth co- Foregrounds cross-neurotype co-
designers, but centers neurotypical design and avoids correction-based
communication goals framing

High - designs accommodate autis- Adds live music/sensor mapping to
tic preferences, encourage self- broaden TUIsinto CT learning tools
regulation and embodied play

High - supports diverse uses and Focuses on CT and co-design inte-
user-defined goals, including sen- gration in school learning environ-
sory regulation ments

verbal to nonverbal/nonspeaking, or non-conventionally verbal]
autistic children”

Likewise, our NEWMT methodology included professional
development on neurodiversity and the co-designers continually
engaged in reflection to expand our understanding of and ability
to create neurodiversity-affirming spaces, technology, and activ-
ities. Similar to NEWMT, Nonnis and Bryan-Kinns’s co-design
project moved beyond words, but in this case by mediating activ-
ities with shareable e-textile TUIs developed to reflect children’s
preferences and interests. In this way, researchers used an eco-
logical approach to intentionally encourage children’s authentic
selves through meaningful (to the children) interactions, aligning
well with the neurodiversity paradigm. Nonnis and Bryan-Kinns
also rejected assumptions that autistic children have deficits in
social skills and intrinsic motivation for play by recognizing these
as signs of neurotypicality, “the right way to play and socialize,”
and by accepting autistic differences in play and communica-
tion styles (e.g. less symbolic play, less social play, more self-
regulatory behavior, more balance between private and social
time and space, use of whole body to communicate). This res-
onates with the “double empathy” problem in which neurotypical
people lack empathy with autistic culture and vice versa.

Nonnis and Bryan-Kinns advocate for TUIs for socially enabled
interactions because of benefits like:

Providing sensory feedback for self-regulation.

Usability by multiple people (shareability).

Multiple entry/access points (less competition for access).
Inviting engagement with group activity.

Perceptual (social awareness), manipulative (active inter-
action), and fluid (easy flow of interaction).

The use of musical TUIs can be powerful for emotional and
sensorimotor regulation and mood management. Nonnis and
Bryan-Kinns found that children responded best to their TUIs
(Olly and Mazi) based on “the robustness of the design, its versa-
tility defined by its ambiguous form and openness, the sensory
stimulation provided, its configuration, size, and possibly its mo-
bility.” Movement seemed to especially encourage collaborative
play while providing proprioceptive and vestibular input (e.g.,
deep pressure, rocking). Music further invited children to explore
TUIs and supported shared attention. “Robustness of design” was
a factor in our NEWMT development, especially in the creation
of a wearable CADMI that could also be attached to other props
(see Figure 3).

2

Figure 3: An elementary school STEM teacher engages with
NEWMT technology during an open community workshop.
Multiple M5-Stick devices, based on the ESP32, connect to
a web-based quasi-modular interface via BLE-MIDI. The
teacher manipulates two of the three connected sensors,
exploring the relational dynamic and effect on the musical
feedback.

3.3 Harrison and McPherson: Strummi and
Varied Access Needs

The work of another team of researchers, Harrison and McPher-
son, is pertinent to NEWMT [19]. This team demonstrates nu-
ances of accessibility with Strummi, their guitar based ADMI,
with learning-disabled musicians. They discuss the shift from a
focus on technical solutions for accessibility to designing instru-
ments that can “change depending on the artistic intentions and
personal values of the musician” and from "instrument-as-device"
to "musician-as-user." Additionally, Strummi was designed from
both an engineering mindset and a music innovation mindset and
was used for therapy and/or performance depending on the mu-
sician/user’s values. NEWMT co-designers included musicians
and a music teacher as well as individuals with little music back-
ground. Therefore, it was important to build in the capabilities
needed for teaching and learning music theory as well as design-
ing instruments that could be explored to develop CT concepts,
the educational goal of the project. Furthermore, a somewhat
"therapeutic" use also evolved at one school where certain stu-
dents preferred to engage with NEWMT technology during their
sensory breaks from the classroom. NEWMT technology was
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used for stress relief, stimming, calming, and refocusing before
students returned to classroom instruction (see Figure 4).

ASK: How Aoes my bod)’ -Fec'?
A K How do T want it to feel?
ASK: Which S’rrahjj will he\F?

me o\\ange ‘he Woy T feel ¢

% &« = P o
.‘ REF"ECT: How do T feel nouLd

J Now did the stratesy work?

Figure 4: During a summer camp hosted by our RPP, a
poster in our sensory break room suggests scaffolding for
neurodiverse reflection.

In their study, Harrison and McPherson noted that although
Strummi participants shared a common neurodivergent identity,
“they all had a range of access needs; some of which the Strummi
was more suited to addressing than others” Data from Strummi
sessions illustrated “that access and accessibility are not always
possible to measure or quantify for a general population” and
that barriers to access could be physical or attitudinal “towards
what constitutes musical skill and musicality." Likewise, some
NEWMT teachers were concerned about engaging and teaching
with wearable musical instruments that incorporated various
levels of music theory when they did not consider themselves
musicians or musical while other teachers who were musicians,
but did not consider themselves technologically savvy, were also
challenged to engage.

Additionally, there were points during the NEWMT project
where the question, “Is that music, though?” came up (e.g., with
a soundboard instrument called "Sports Orchestra") and val-
ues around what constitutes music came into question. In the
Strummi project, the feedback from participants centered around
differing individual music-making values, some of which in-
cluded music-making for physical or social development (ther-
apeutic) as well as for music enjoyment and performance. Al-
though the Strummi was not designed as an assistive device or for
therapeutic activities, some participants valued the instrument
for these possible attributes. Both the NEWMT and the Strummi
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studies demonstrated neurodiversity approaches that did not as-
sume deficits or engineer devices for neurotypical intervention,
but were open to neurodivergent use and feedback about the
needs, whether musical or disability-related, of the participants.
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Figure 5: A sheet of sample strategies for linking together
collective play, CT, and NEWMT sensors, designed to ac-
company video game play, is projected onto a large screen
during the NEWMT summer camp. Youth filled out the
sheet, which scaffolds the concept of if—then logic.

4 Neurodiverse Sensemaking and
Computational Thinking

While Ivanyi et al. focused on social goals framed by neurotyp-
ical norms, our work foregrounds entangled and plural forms
of sensemaking through shared play and CT exploration. We
extend the openness of TUISs (as seen in Nonnis & Bryan-Kinns)
by integrating real-time musical feedback to support relational
improvisation.

Designing for neurodiversity in the context of education re-
quires heightened perception with regard to the entanglement of
affective, sensory, and cognitive fields, and the way the parsing
of these categories translates or reflects entrenched neurotypical
attitudes in the classroom. A chair, for instance, scaffolds cer-
tain neurotypical assumptions about the compartmentalization
of affect and attention [56]. Learning from CDI, we know that
dancers do not represent themselves via a mental projection of
their bodies in Euclidean space, but are embodied in their ongo-
ing and unparsed dynamic movements and thinking-feeling with
others through the “kinetic bodily logos” [48]. For neurodiver-
gent individuals, moreover, projecting the body into space may
be too abstract without grounding in corporeal symmetries.

While novel music technology has been adopted in music ed-
ucation, there are recent attempts to connect NIMEs and/or mu-
sical coding with CT and computer science (see e.g., [35, 53, 54].
For our RPP, we envisioned activating CT by having participants
manipulate parametric control interfaces of instruments they
wear, which would coincide with the adaptation to diverse corpo-
real and sensory needs through the choice of salient movement,
gesture, and sound. Concepts of scaling, inversion, and boolean
logics, for instance, are tools for crafting and coding unique re-
sponses through tinkering (see Figure 5).

STEM-rich tinkering practices for emergent CT can be found
in the NIME literature (e.g., [12, 53]. Indeed, the notion of CT is
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sufficiently broad to encompass practically any activity involv-
ing open-ended tinkering and problem solving in a context of
learning. Thus, Tsoukalas and Bukvic provide an adequate, and
helpfully terse, definition of CT in the context of their paper
as “problem-solving using computers.” But this is only one of
many possible definitions, because CT is in essence a provoca-
tion that requires researchers to adopt provisional definitions
in their research, typically involving multiple facets including
“decomposition, abstraction, algorithm design, debugging, itera-
tion, and generalization,” although lack of a model is emphasized
in review literature [49]. In her seminal article on CT, Jeanette
Wing avoids an explicit formulation of CT [59]. For our purposes,
we have found it productive to align CT with neurodiversity and
computer science with neurotypicality. Moreover, we avoided
categorical alignment of music with computation by also leaning
on rhetorical (i.e., expressive) practice, the experience of the body
as a voice or sound generator, which may be important in the con-
text of autism. Thus, CT is a step closer to lived experience-once
rather than twice removed from the plurality and plenitude of
the lifeworld.

5 Neurodiverse Sensemaking within NEWMT

5.1 Participatory Design, Sensemaking, and
Sensorimotor Coupling

Neurodiverse approaches to research include participatory ap-
proaches, such as co-design, which is based on Design-Based
Research (DBR), a flexible, future-oriented methodology that
can be used to build theory and knowledge about learning and
design while being directly useful to a specific context [3, 40].
Participatory design, through systematic iterations in complex
and fluid environments, can advance theory while impacting
instructional practice [3]. Participants are invited, as capable,
empowered co-designers, rather than subjects of an interven-
tion. Table 2 summarizes how each activity aligns with core CT
principles.

Our sensemaking framework draws from the field of neu-
roarts, which challenges “the traditional [Western] visual domi-
nance.. . critically examined in the context of sensory design and
phenomenology” [22]. Neuroaesthetics explores neural mech-
anisms in aesthetic experiences, and together with neuroarts
expands prevalent understandings of emotions and responses to
stimuli. Further, “art engagement goes beyond aesthetic appre-
ciation, actively exercising the brain and contributing to neuro-
plasticity” [22]. By emphasizing multiple brain systems during
artistic engagement (motor, sensory, reward pathways, percep-
tion), we open the door to multi- and cross-sensory design. This
aligns with our interest in embodied sensemaking, music, and
tangible artifacts.

5.2 Methodology and Context for NEWMT

To recruit teaching fellows for the project, we used previously
developed material as well as a new set of custom instruments
to generate excitement about “wearable music.” We recruited
a sample of four middle school teachers, two of whom taught
STEM classes, one music, and another physical education. All
teachers taught at least some students with autism labels, and
most taught students from low-income communities.

These instruments were intended as an embodied sensemaking
toolkit to elicit playful, first-person perspectives for our teaching
fellows. During our initial workshop, however, we noted that sev-
eral teaching fellows were unsure of how to engage. We brought
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Figure 6: A choreographer guides and enlivens participa-
tion from group of teaching fellows during the first year of
our RPP, introducing an element of somatic connoisseur-
ship.

in a choreographer to support somatic connoisseurship [47], fo-
cusing on sensorimotor coupling that recognized the entangled
nature of bodies, technology, and environment (see Figure 6).
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Figure 7: During a workshop early in the RPP, a team mem-
ber comments on an instrument that provides haptic feed-
back according to the (a)synchrony of the two IMUs.

5.3 Instrument Prototypes

Our initial instrument prototypes embedded CT concepts through
varied interaction paradigms. These included wearable interfaces
modeled after metaphors like a rainstick (see Figure 8, a clacker,
and a wind-up “Catapult,” each leveraging motion data to drive
granular synthesis or algorithmic playback. “Wearable Jazz” en-
gaged small groups in distributed sonic roles. Together, these
instruments surfaced concepts like indexing, boolean logic, and
continuous vs. discrete control, aligning sound-making with com-
putational exploration.

In our original prototypes, we explored ways of distributing
characteristics of these instruments across multiple bodies/IMUs,
for instance by embedding choices of AND/OR logic to gamify
hold and release gestures for the Catapult for a group of individ-
uals, and to provide haptic feedback when gestures of winding
the Catapult fall within a selected range of variance of angular
momentum, linking the players together in contingent ways (see
Figure 7). Likewise, the clacker instrument employed simple win-
dowing techniques to analyze the density of events generated
over time, which could be directly or inversely correlated to vari-
ous sound parameters in addition to individual voicings. For the
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Table 2: Sample Lesson Plans Connecting CT Concepts with NEWMT Activities

Lesson Name CT Concept Description Activity Format

Beat Breakdown Decomposition Break drumbeat into component parts Jam with Wearable Jazz

Algorithm of Sound Algorithm If—then mappings between movement and sound ~Game interaction + live trig-
FX gering

Sound Charades Abstraction Represent motion patterns using sound Pantomime and guessing

Sports Orchestra Pattern Recognition

Map sports gestures to sounds

Group improvisation

Need Information about the sensors? = Learn more A

134

Effects MODE

B

i "
Reverb: “ “

Wearable Jazz

| | 4
Sonic Introduction Rainstick

add instrument

connect sensor

Invert Mouse Mode x

Rainstick “) MODE
. arpeggio

;

volume

Figure 8: A semi-modular, browser-based interface for con-
structing NEWMT instruments. The back-end was devel-
oped using Cycling74’s new RNBO environment. In this
image, an instance of the Rainstick instrument has been
created, inheriting characteristics from our original proto-
type. More instruments can be added and linked to multi-
ple sensors, creating a vertical chain of modular connec-
tivity in the browser window.

rainstick, selection of a statistical operator (min, max, or mean)
generated an aggregate angle across multiple IMUs. Wearable
Jazz links together kick drum hits, bass tones, and chord changes,
which affect the musical scales available to other players.

From the beginning, it was important that the sound design
be rich and suggestive of electronic and popular music and with
which students were familiar. Likewise, it is important for design

teams to include diverse team members who have motivations
other than narrow research outcomes. Much like the “aesthet-
ics of failure” that evolved from the de-scripting of academic
technologies into a broader cultural phenomenon [28], our de-
sign efforts were mediated by input from teachers and designers
who bridged academic and practical concerns. The development
of a robust front-end for the web interface, considerations of
longevity and scalability, and the increasing red-tape around
technology in schools all shaped our iterative process [12].

5.4 Pedagogical Integration: Sample Lesson
Plans for CT

Below are four representative lessons co-developed through our
RPP. Each surfaces a CT concept—decomposition, algorithm,
abstraction, or pattern recognition—and illustrates how collec-
tively playable instruments that enrich neurodiverse sensemak-
ing evolved from our early prototypes through co-creative design
with diverse teachers and youth (see Figure 10).

5.4.1 Beat Breakdown (Decomposition). Students dissect a multi-
layered drumbeat (kick, snare, hi-hat) into smaller parts. They
first “jam” with the Wearable Jazz instrument to observe how dis-
tinct sensor inputs trigger specific drum sounds, then reassemble
a familiar rhythm in groups. This connects with breaking tasks
down in real-world activities.

5.4.2  Algorithm of Sound (Algorithm). Learners design if—then
“audio algorithms” by mapping sensor motions to game-inspired
sound effects. In pairs, one student mutes a video game while
the other triggers corresponding audio. Swapping roles and ex-
changing feedback refines algorithmic thinking and supports
inclusive collaboration (see Figure 9). Extensions include Foley-
style soundscapes and a “Robot Obstacle Course” for visually
impaired learners.

5.4.3 Sound Charades (Abstraction). Students focus on abstrac-
tion by creating and guessing “sound signatures” through pan-
tomimed motions. After exploring sensor axes (pitch, roll, shake)
to produce distinct timbres, they represent these motions on a
graph or reduce them to minimal visual cues.

5.4.4  Sports Orchestra (Pattern Recognition). Students map base-
ball actions (pitch, swing, run, catch) to sensor-triggered sounds.
Through experimentation, they identify recurring patterns and
broaden the notion of “performance” to include collective, multi-
sensory artmaking.
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5.5 Teacher and Student Engagement in
NEWMT

For the NEWMT project, the co-designers integrated educational
standards such as CT while also drawing on UDL guidelines [6].
UDL principles emphasize:

e Engagement (the “why” of learning): interest, effort, self-
regulation

e Representation (the “what” of learning): perception, lan-
guage, symbols, comprehension

e Action and Expression (the “how” of learning): physical
action, expression/communication, executive function

Because many students faced barriers to traditional literacy or
verbal participation, we emphasized music, embodied interaction,
and multi-sensory “intra-actions” to open alternative routes to
collaboration. Learning experiences facilitated with NEWMT
were based in play, or open-ended, playful interactions with the
people, technology, and props in the learning environment [44].
Yet we also recognized that for some children, including autistic
children, “play” can be fraught with anxieties about social norms
and environmental unpredictability. Thus, the teaching fellows
and co-designers continually sought to create safe, flexible, and
inclusive spaces where stimming, movement breaks, and creative
self-expression were not only allowed but encouraged.

Several teachers also reported that certain students gravitated
to NEWMT instruments during sensory breaks. Engaging with
wearable musical instruments for stress relief, stimming, and
calming before returning to classroom instruction exemplified
the ways in which these technologies could serve therapeutic
or regulatory functions—despite not being explicitly designed
as assistive devices. This echoes prior examples like Strummi
[19], where instruments were adaptable to a range of uses, from
therapy to performance.

Figure 9: Youth align musical gestures and sounds they
have selected with playing Super Mario during the NEWMT
summer camp.

5.6 Topological, Relational, and
Computational Thinking

Throughout NEWMT, we observed that the focus on bodily move-
ment, parametric tinkering, and relational sound-making sparked
awareness of CT concepts (e.g., loops, conditionals, scaling). Stu-
dents and teachers found it rewarding when personal gestures
led to immediate auditory feedback, which in turn motivated ex-
perimentation. Moreover, we asked whether a topological, fluid
sense of motion could be reconciled with the discrete, schematic

that produces a reaction, it makes something else
happen. Then state that when the video game
designers decide on these
signals/instructions/rules, they then list them out
in steps that become an algorithm. Define
algorithm as a set of instructions to meet a
specific goal.

Explain that the next time you work with the
Sensors, the students will get to design algorithms
for a specific goal, to use video game actions and
sounds that set the emotional theme.
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# Communicating:
Using new vocabulary during the

lesson and in discussions supports
student learning of the new terms.

X Creating:

are creating sound effects

Day 2:

Application (Elaboration)
(60 minutes)

Give each student a level of Super-Mario (chosen
at random) to play. After 5-10 minutes, ask
students to use the Algorithm Worksheet to

for a video game. They are bringing
together multiple skills, making
practical and creative decisions, and
assessing how the outcomes make
them and others feel.

% Collaborating:

Students must work together to add
sound effects to the video game.
Each partner has a specific job to do

identify the theme of the level, what sounds they to contribute to the team.

hear, and how the sounds support the portrayal of
the theme. The students might need to go back to
play the level again before filling in the
information on the worksheet.

? Problem Solving:

Students are determining whether
an algorithm leads to the desired
outcome. If the algorithm does not,
then they are deciding how to
improve the algorithm.

Now, have the students open the Tap, Loop, or
Rainstick (Sonic Introduction and Rainstick
instrument groups) and connect their Sensors.
Have a list of possible themes posted. Direct the
students to:

1. Choose a theme from the list.

2. Identify at least three sounds from the app

that connect to their theme.

Figure 10: An excerpt from a downloadable PDF lesson
plan from the NEWMT website. This lesson, called "Algo-
rithm of Sound" explains how students design algorithms
for video game sound effects. They play Super Mario, an-
alyze sound themes, and use sensors with NEWMT apps
to connect movements with sounds. The above page also
highlights social-emotional skills like communication, cre-
ativity, collaboration, and problem-solving as students re-
fine their algorithms.

representation in the computer interface. By bridging the smooth
continuity of movement and the abruptness of symbolic logic,
participants encountered moments of tension that facilitated
learning [43].

Collectively playable CADMIs discouraged dominance by any
single user, nudging participants to attend to each other’s ges-
tures. Teachers observed increased engagement among students
with autism, suggesting that neurodiverse interaction can sup-
port new forms of communication. We refined these instruments
to align embodied experience with CT exploration.

6 Conclusion

Across our presentation of neurodiverse sensemaking, (C)ADMI-
related literature, and the NEWMT co-design process, we high-
light how a pluralization of agency and a focus on entanglement
can transform both the design and evaluation of wearable musical
instruments. Far from “correcting” neurodivergent communica-
tion, collectively playable instruments invite neurotypical and
neurodivergent individuals alike (i.e. neurodiverse individuals)
to question normative assumptions about intention, agency, and
collaboration [29]. Through iterative DBR cycles, teachers and



NIME 25, June 24—27, 2025, Canberra, Australia

students engaged in CT that was deeply embodied, multi-sensory,
and relational. Topological modeling and statistical mapping
strategies can better accommodate fluid, ongoing sensemaking
processes—thus pushing against the reification of body-mind
relations. By aligning with neurodiversity and fourth-wave “en-
tanglement HCI,” we propose that CADMIs can evolve to promote
inclusive, vibrant modes of sensemaking for all learners, rather
than reinforcing a single “correct” way of being in the world.

7 Ethical Standards

This study was conducted as part of a university-community
research-practice partnership (RPP). All research activities in-
volving human participants, including teachers and students,
received approval from the Arizona State University Institutional
Review Board. Parental consent and student assent were obtained
prior to participation in any workshops, recordings, or data col-
lection activities.

We adopted a neurodiversity-affirming framework, avoiding
deficit-based language and prioritizing co-design and agency. No
personal or identifying information from youth participants is
disclosed in this paper, and images are shared with permission.
Researchers took care to ensure that participation was voluntary,
inclusive, and sensitive to sensory and social needs.
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