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Figure 1: Participants with IDD relied on personal experiences to interpret and contextualize data. To make data accessible, they
engaged in hands-on activities, constructing their understanding of complex concepts. They humanized data with personal
narratives, connecting abstract numbers with concrete human experiences. Additionally, they experimented with materiality
and visual elements, using analogies and metaphors to create intuitive mappings that made the data more understandable.

ABSTRACT
Individuals with Intellectual and Developmental Disabilities (IDD)
have unique needs and challenges when working with data. While
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visualization aims to make data more accessible to a broad audience,
our understanding of how to design cognitively accessible visualiza-
tions remains limited. In this study, we engaged 20 participants with
IDD as co-designers to explore how they approach and visualize
data. Our preliminary investigation paired four participants as data
pen-pals in a six-week online asynchronous participatory design
workshop. In response to the observed conceptual, technological,
and emotional struggles with data, we subsequently organized a
two-day in-person co-design workshop with 16 participants to
further understand relevant visualization authoring and sensemak-
ing strategies. Reflecting on how participants engaged with and
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represented data, we propose two strategies for cognitively accessi-
ble data visualizations: transforming numbers into narratives and
blending data design with everyday aesthetics. Our findings em-
phasize the importance of involving individuals with IDD in the
design process, demonstrating their capacity for data analysis and
expression, and underscoring the need for a narrative and tangible
approach to accessible data visualization.

CCS CONCEPTS
• Human-centered computing→ Visualization theory, con-
cepts and paradigms; Accessibility design and evaluation
methods.
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1 INTRODUCTION
Intellectual and Developmental Disabilities (IDD) encompass a
broad spectrum of conditions that significantly impact an indi-
vidual’s physical, intellectual, and/or emotional development tra-
jectory [3]. Common examples of IDD include Down syndrome,
Fetal Alcohol syndrome, Fragile X syndrome, Autism spectrum
disorder (ASD), and Cerebral Palsy [2]. Each individual with IDD
has a unique cognitive profile, characterized by varying degrees
and combinations of challenges in intellectual functioning, such
as learning, reasoning, and problem-solving, as well as daily adap-
tive behaviors, including communication, social interactions, and
independent living [2]. These challenges often hinder the effec-
tive use of conventional visualizations—such as charts, graphs, and
maps—and result in distinct ways in which people with IDD inter-
pret [106, 107], conceptualize [110], and engage [108] with data,
requiring visualizations to be used and designed differently. Yet we
lack guidance on how to address such differences effectively.

Due to impaired numerical understanding, reasoning, and ab-
stract thinking [3], individuals with IDD tend to employ different
strategies from the neurotypical population when interpreting vi-
sually encoded data [107]. Furthermore, the unique life experiences
of this population create innovative scenarios for data analytics
and present new opportunities for visualization. These opportu-
nities range from facilitating self-advocacy and storytelling for
social inclusion to promoting self-expression and reflection for en-
hanced mental health to enabling self-regulation and management
for everyday autonomy [110]. As a cognitive technology, data visu-
alization is designed to augment human cognition [21], supposedly
making data more accessible and comprehensible to a broader audi-
ence [58]. However, conventional visualization practices typically
assume a “standard” user and provide limited support in these sce-
narios, failing to capture diverse abilities and needs. This assertion

means that guidelines and tools for visualization were often devel-
oped without considering individuals with IDD. Adhering strictly
to traditional visualization approaches risks perpetuating this ex-
clusion. In this paper, we collaborate with individuals with IDD to
explore the role of visualization in enhancing data accessibility for
their community. We define visualization in the broadest sense as
graphical representations of data, designed to support both under-
standing and engagement. Our goal is to identify and establish best
practices tailored to meet the distinct requirements of this popula-
tion, generating cognitively inspired strategies and innovating the
design of visualizations.

Co-design [89], a participatory approach that involves target
users in defining problems and designing solutions, is an effective
approach to engage this population in research [95] and is criti-
cal for achieving this objective. It establishes a shared platform
between researchers and participants, ensuring that the design of
visualizations is not only relevant, effective, and accessible, but
also reflective of the unique perspectives and needs of individuals
with people with IDD [44, 49, 95]. Additionally, co-design supports
better community integration, enabling people with IDD to directly
explore and analyze data impacting themselves and their commu-
nities [98]. This active involvement enables people with IDD to
collaboratively address issues and improve their current condition.
Finally, co-design situates data analytics within the cultural context
of the community, facilitating a more comprehensive and culturally
relevant approach to designing visualizations. This approach can
ensure the visualizations resonate with the cultural norms, values,
and preferences of the intended audience, fostering greater data en-
gagement and understanding. In this study, we leverage co-design
to unlock neurodiversity in data authoring, demonstrating how
inclusive design practices can empower individuals with IDD to
actively contribute to and communicate their unique perspectives
through data-driven narratives.

We engaged 20 participants with IDD as active research part-
ners and co-designers in two-phase hybrid workshops to explore
how they approach and visualize data. Our exploration included a
six-week preliminary phase conducted online and a comprehensive
two-day in-person session. Drawing inspiration from the Dear Data
project [1], our first workshop was structured as a role-playing
game. Four participants were paired as data pen-pals, exchanging
visualizations following target prompts asynchronously over Zoom
during the six-week period. In response to the observed conceptual,
technical, and emotional struggles participants faced with data, we
adapted the activities and formats accordingly. The second work-
shop, modeled after the Creative Visualization Opportunities (CVO)
workshop [49], was conducted as a two-day in-person synchronous
event at a local community center. 16 participants with IDD were
grouped into four cohorts based on shared interests: Art, Food,
Games, and Sports. We gathered a diverse range of data to under-
stand participants’ data sensemaking and visualization strategies,
including design artifacts, recordings, interviews, observational
notes, behavioral patterns, and reflective feedback.

Our findings revealed that individuals with IDD relied on per-
sonal experiences to interpret and contextualize data, infusing ab-
stract data with personal meaning. Through hands-on exploration,
personal narratives, and visual analogies, participants sought to
create visualizations that resonate with their everyday activities
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and emotional experiences. Building on these insights, we propose
alternative guidance for accessible visualization design, emphasiz-
ing two key strategies: first, transforming raw data into compelling
narratives that bridge abstract numbers and human experiences;
and second, blending data design with everyday aesthetics to create
engaging and meaningful visualizations that enhance data appreci-
ation. We advocate for a narrative and tangible approach to data
visualization, reimagining its role in enhancing data accessibility
for individuals with diverse abilities across data representation,
expression, interaction, and education.
Contributions: The primary contribution of this work is the in-
sights and solutions gained from co-designing data visualizations
with 20 individuals with IDD, focusing on data sensemaking and
authoring. We learned that participants often used personal ex-
periences to interpret and contextualize data. Specifically, they
employed hands-on activities to explore data, humanized data with
personal narratives, andmade data more understandable through vi-
sual analogies andmetaphors. These findings reveal that integrating
personal experiences and familiar contexts into data visualization
can significantly enhance understanding and engagement for indi-
viduals with IDD. Based on these insights, we propose two strategies
for cognitively accessible data visualizations: first, transforming
raw data into compelling narratives to bridge the gap between com-
plex data and relatable human experiences; and second, integrating
data design with everyday aesthetics to develop visualizations that
resonate with and are accessible to diverse audiences. We advo-
cate for a narrative and tangible approach to data visualization,
promoting inclusive data access across diverse abilities.

2 BACKGROUND
We build on past studies utilizing co-design for cognitive acces-
sibility and visualization, examine inclusive data communication
and representation techniques, and explore storytelling’s role in
supporting people with IDD.

2.1 Co-design for Cognitive Accessibility and
Visualization

Co-design [96] integrates user experiences and needs directly into
the design process, ensuring solutions are not only functional but
also aligned with their intended uses. Co-designing with individuals
with cognitive disabilities presents a range of unique opportunities
and challenges [91, 105]. Past research has discussed barriers [38],
strategies [24], adaptations [83], and applications [37, 39, 56, 82]
of co-design for this population. For instance, co-design activities
often require cognitive tasks such as abstraction and conceptual-
ization, which may hinder effective participation for individuals
with cognitive disabilities. Employing scenario-based design meth-
ods [56] and tangible objects [24] can enhance involvement and
understanding, overcoming comprehension and digital exclusion
barriers. Moreover, cognitive disabilities frequently limit communi-
cation abilities, presenting challenges for participants in effectively
expressing their perspectives and ideas. Leveraging diverse modali-
ties, including visual aids, storyboards, interviews, and prototypes,
can help elicit the needs of participants [24, 53]. Additionally, inte-
grating proxies or experts can facilitate communication and ensure

meaningful participation [24, 56]. Adopting competency-based de-
sign approaches [10, 56] will ensure that activities are personally
relevant, appropriately adapted, and supportive of self-expression,
determination, and autonomy.

In data visualization research, co-design has proven effective in
developingmeaningful solutions that address diverse user needs [49,
99] and bridge the gap between domain expertise and practical ap-
plication [47]. For example, Khowaja et al.[52] collaborated with
local healthcare professionals to co-design ActiVis, a tool for moni-
toring patient physical activity through wearable sensors. Snyder
et al.[94] involved prostate cancer survivors with limited graph
literacy in co-designing timeline visualizations to improve health
tracking. León et al.[76] evaluated co-design with social science
researchers, emphasizing the importance of perceived direct bene-
fits and personal relevance. Lundgard et al.[71] worked with blind
users to address sociotechnical considerations for accessible visual-
izations, underscoring the value of equal partnership with people
with disabilities. These examples illustrate how involving end-users
in the design process leads to practical and impactful solutions.

Co-design offers an intuitive means for understanding the needs
and challenges of people with IDD when interacting with data.
Notably, individuals with IDD engage with data differently [107],
and the abstraction of data employed in common visualization tech-
niques can lead to anxiety and disconnection [110]. Our workshop
builds on co-design traditions from both accessibility [95] and visu-
alization [49]. Specifically, we (1) tailor data-related activities to the
personal experiences of participants to make data more personal
and approachable [4, 77], (2) encourage hands-on and construction-
ist approaches [41, 43] to make abstract concepts more tangible
and understandable, and (3) actively involve caregivers in the pro-
cess to gain a deep and authentic understanding of neurodivergent
experiences and perspectives [32, 56].

2.2 Inclusive Data Communication and
Representation

Inclusive data communication and representation are crucial for
democratizing access to information, ensuring that everyone, re-
gardless of their educational backgrounds, abilities, or sensory pro-
cessing needs, can benefit from data-driven insights [60]. This en-
tails designing data delivery systems and visualizations that are
accessible to a diverse audience, enabling a broader range of people
to make informed decisions based on the data presented. Previous
studies have characterized how various disabilities affect interac-
tions with data [60, 72, 105], emphasizing the need for designs that
accommodate diverse abilities while ensuring clear benefits for
individuals or the broader community. Further studies have probed
into multisensory, tangible aspects of data interaction to engage
novices in working with data [7, 8, 23, 93], aiming to enhance the
usability and accessibility of data across different user groups and
modalities. Additionally, studies have examined the role of personal
relevance [67, 80] and the use of visualization as a rhetorical de-
vice [30, 100, 101] to strengthen the connection between individuals
and data, tailoring visualizations to serve a variety of personal and
practical purposes. These efforts collectively underscore the vital
role of inclusivity in effective data communication, ensuring that
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data serves as a powerful and accessible tool for diverse users in
various contexts.

Cognitive and learning disabilities present significant challenges
in how data and visualizations are consumed and created, often ren-
dering conventional tools ineffective for thosewith these disabilities.
Past studies showed that individuals with IDDwere particularly sen-
sitive to the design of visualizations, suggesting that cognitively ac-
cessible visualizations might require new guidelines [107, 109]. Fur-
ther research highlighted the need for human-centered approaches
to data visualization that address their specific needs [110], em-
phasizing the importance of making data personal and approach-
able [108]. These approaches prioritized scenarios such as telling
stories with personal data for effective self-advocacy and social
participation, tracking and synthesizing self-assembled datasets
for expression and meaning-making, and enhancing data agency
and autonomy by developing intuitive data representations and
interactions that support self-regulation and independence.

Yet, we currently lack a comprehensive understanding of and
accommodations for the unique needs and challenges faced by
individuals with IDD when interacting with data and creating vi-
sualizations. Moreover, there is a significant gap in inclusion and
representation within the design process, with individuals with IDD
historically marginalized in visualization development. With this
in mind, our workshop focuses on three key strategies to enhance
cognitive accessibility in data communication and representation:
(1) We employ a constructionist approach [42], advocating for the
use of everyday materials to make data more relatable and tan-
gible. (2) We combine self-discovery and data representation to
deepen participants’ connection to and understanding of their own
behaviors, preferences, and conditions. (3) We ground data-driven
activities in everyday contexts, making the data and its implications
directly relevant to participants’ daily lives.

2.3 Supporting People with IDD through Data
Storytelling

Storytelling offers significant benefits in supporting individuals
with IDD. Research has demonstrated its therapeutic effects in
bolstering self-esteem [19] and addressing sensory issues [111]
among children with learning disabilities. It has also been shown
to enhance cognitive functions such as memory, attention, and con-
centration [75], and its educational and ethical implications include
fostering learning and empathy among people with Autism [16, 17].
By providing a platform for individuals with IDD to express them-
selves creatively, storytelling helps discern their strengths, prefer-
ences, and abilities, empowering them to participate in research
and decision-making [20, 90, 103].

Narrative visualization, a subset of visualization research dedi-
cated to storytelling with data [92], has gained considerable popu-
larity in recent years. Progress has been made in enhancing data
story authoring [12, 59], improving annotation and interaction [84],
and in diversifying its design and display [6, 27, 86]. Addition-
ally, research has evaluated the effectiveness of data storytelling in
supporting cognition [112], engagement [14], and its influence on
empathy and attitude [66]. Recognizing its pivotal role in support-
ing public participation, researchers have started to explore the link
between data storytelling and social good. For example, Erete et

al. [29] interviewed non-profit organizations (NPOs) and found that
data narratives were often used to solicit support from grantors
and other stakeholders. Ortega et al. [35] investigated the impact
of involving non-experts in the creation of personal data comics as
a means to support data literacy and agency. Sakamoto et al. [87]
empirically explored the role of affect in a data video to convey
data-driven messages and found its positive influence on viewers’
perception. Lund [70] discussed the importance of bringing in a
social justice mindset to data storytelling to compel readers and
viewers to act upon findings.

These examples collectively illustrate the potential of storytelling
in supporting accessible data interactions for individuals with IDD,
who face unique challenges when working with data and often
require different approaches. In our workshop, storytelling serves
multiple purposes: (1) We embrace a narrative workshop format
to enhance engagement, comprehension, and foster positive data
experiences. (2) We empower individuals with IDD as storytellers,
employing relatable prompts and personally relevant datasets to
encourage creative self-expression through visualization. (3) We
harness visual storytelling as a means to cultivate a shared identity,
enabling collective sensemaking [13], social inclusion, and deriving
culturally responsive solutions from the community to inspire the
design of more accessible visualizations.

3 METHODS
We conducted two hybrid co-design workshops involving 20 partic-
ipants with IDD to explore their approaches to data visualization.
The initial workshop paired four participants as data pen-pals, facil-
itating asynchronous exchanges of visualizations over a six-week
period via Zoom. Due to observed technical and emotional chal-
lenges, along with a high dropout rate, the second workshop was
restructured to encourage more direct social interactions and re-
duce technological barriers for participation. In collaboration with
a local community center, we organized 16 participants into four
cohorts based on shared interests and conducted the workshop as
a two-day in-person event.

Our workshop activities drew inspiration from prior research on
data accessibility needs for individuals with IDD [107, 110]. These
activities were developed with input from IDD self-advocates and
domain experts. Participants engaged in various data-related ac-
tivities, including recalling and collecting personal data, analyzing
and visualizing provided datasets, and redesigning existing visu-
alizations (e.g., pie charts). The data we collected included design
artifacts, photographs, videos, screen recordings, surveys, field
notes, and interviews with participants, their caregivers, and pro-
fessionals from the community center. To analyze this data, we
applied thematic analysis [18] and open coding techniques [34] to
identify patterns and extract insights.

3.1 Study Design
Prior studies on people with IDD note that the idea of “data” may
often be an intimidating and uncomfortable concept [110]. To make
data more approachable and the activities enjoyable, we fiction-
alized the workshop’s setting with an alien narrative. Four alien
characters were designed to represent four topics of interest (i.e.,
Arts, Sports, Games, and Food). In this narrative, the aliens were
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Figure 2: Overview of the workshop Aliens from the VisuaLand (“The Circle Story”). Our workshop comprised 6 tasks exploring
three types of data. Tasks 1& 2 centered on how people with IDD visually depict data pertaining to themselves and their
surroundings, particularly focusing on categorical data. Tasks 3 & 4 examined methods they employ to represent and manage
time effectively, emphasizing time-series data. Tasks 5 & 6 were dedicated to integrating individuals into communities and
uncovering their approaches to visualizing part-to-whole relationships within the data.

from an imaginary planet “the VisuaLand,” and an unknown force
destroyed their home. The participants were, therefore, invited to
create visualizations aimed at helping the aliens understand life on
Earth, inviting the aliens to consider relocation.

To encourage creative self-expression, we employed open-ended
prompts and personally relevant datasets throughout the work-
shop. Across six design activities exploring categorical, time-series,
and proportion data (illustrated in Figure 2), participants were in-
vited to craft visualizations showcasing aspects of themselves, their
experiences, and their communities. To minimize the Hawthorne
Effect [73], we communicated the study’s purpose beforehand, as-
sured participants of confidentiality and established rapport through
a series of ice-breaker activities. We provided multiple examples for
each activity to illustrate the diverse range of possibilities, encourag-
ing authentic expression and reducing the influence of observation.
The activities were iteratively designed over the course of two years
in collaboration with IDD self-advocates and domain experts to
meet participants where they are while also probing their mental
models to understand how they construct visual representations
for various data types. Detailed task descriptions and workshop
slide decks can be found at IDD Co-design Workshop. Below, we
summarize each task, its design objectives, and the data involved,
highlighting any modifications made for in-person participants.

CATEGORICAL DATA
(1) Creative Selfie
(a) Prompt: Create a selfie not taken by a phone or camera.
(b) Objectives: Encourage creative self-expression and novel

ways of visually representing the self. Get participants
familiar with creating visual representations.

(2) My Happy List
(a) Prompt: Make a visually ranked happy list that contains

five things making you happy.

(b) Objectives: Promote self-awareness, gratitude, and well-
being. Encourage and reinforce the understanding of one’s
emotions, preferences, and values. Foster a positive orien-
tation towards the concept of “data.”

(3) Four Circles
(a) Prompt: Find four circular objects related to your favorite

topic from Arts, Sports, Game, and Food.
(b) Objectives: Encourage participants to draw connections

between concepts and objects. Work with patterns in
data’s form (i.e., similarity and difference).

(4) Three Circle Groups
(a) Prompt: Create three circle pairs according to your criteria.
(b) Objectives: Engage participants in a creative and analytical

process of selecting and pairing circles. Understand basic
categorical mapping paradigms.

TIME-SERIES DATA
(1) Daily Schedule
(a) Prompt: Create a visualization of your daily schedule.
(b) Objectives: Represent temporal event sequences. Under-

stand intuitive mappings for categorical events and time.
(2) Curiosity Log
(a) Prompt: Pick one day, observe yourself, and take notes

whenever you are curious about something. Create a visual
log of this process.

(b) Objectives: Understand information-seeking behaviours,
and promote self-awareness, reflection, and learning.

(c) Modifications: Simplified to create a visual log of one cu-
rious thing at the moment.

(3) Pictorial Essay
(a) Prompt: Create a pictorial essay that has at least five im-

ages to highlight your week.

https://osf.io/dsvn8/?view_only=16497f3c27dc4f78ba0cc79a87ecad75
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Remote Workshop

Week 1 Week 8Weeks 2-7

Welcome!

Participants met one on 

one with a researcher over 

Zoom for an overview of 

the study and an intro to 

their first activity. 

Each week, participants completed 

their activity independently with 

household materials. 

The study was 

wrapped up with a 

final interview and 

review of how the 

activities went. Then, over zoom, they met one on one with a 

researcher to share their work, fill out a feedback 

form, and review work completed by their buddy.

8 Weeks 1:1 Interaction Household Materials

Figure 3: Overview of the online workshop structure. The online segment spanned eight weeks, during which four participants
paired up as data pen-pals. Each week, they met individually with a researcher via Zoom. These sessions involved sharing
their own work, reviewing their buddy’s work, and previewing the upcoming week’s activity. Materials for authoring the
visualizations were not provided.

(b) Objectives: Allow participants to capture memorable mo-
ments and tell a compelling story about their week and
their unique experiences using this data.

(c) Modifications: Provided sticky notes to scaffold the task.
(4) Buddy’s Week
(a) Prompt: Read the data tracker table of your alien buddy’s

activities and try creating a visualization to communicate
your buddy’s week.

(b) Objectives: Understand how participants interpret data
from a table and represent time-series data. Use visualiza-
tions to summarize an event sequence.

(c) Modifications: Simplified the table from three to one row.

PROPORTION DATA
(1) Color My Feelings
(a) Prompt: Finish the three-step color my feelings activity: 1)

fill nine emoji with different colors, 2) find nine objects of
the color you selected for “happy”, 3) rate the nine objects
from 1–9 based on their colors.

(b) Objectives: Explore how participants use colors to commu-
nicate feelings and emotions, and understand their color
concept associations.

(c) Modifications: Broke the activity down into steps.
(2) Color Challenge
(a) Prompt: Create a visualization to represent your buddy’s

diet, specifically 10% of fat, 60% of veggies, and 30% of
grains & starches.

(b) Objectives: Understand accessible representations of per-
centages and proportion data, especially in light of known
accessibility limitations of pie charts [107].

(3) Bear Comparison
(a) Prompt: Read a provided table (containing different met-

rics about the diet, skills, and rareness of brown bears,

polar bears, and panda bears), and create a visualization
for comparing three popular bear species on Earth.

(b) Objectives: Understand how participants interpret and
compare multivariate data and represent proportion.

(c) Modifications: Removed for in-person participants.
(4) Cats & Dogs
(a) Prompt: Use provided information (a series of visualiza-

tions containing a map comparing the popularity of both
animals by state, different charts and graphs illustrating
their social media presence, and owners’ ratings on differ-
ent metrics), and create a visual story about cats & dogs.

(b) Objectives: Understand how participants interpret various
visualizations (e.g., maps, bars, treemaps, line charts, and
isotype visualizations [36]) and represent this information.
Understand representations across multiple elements for
data storytelling.

(c) Modifications: Simplified to show only owners’ rating.
These tasks emphasized either personal data to connect to con-

cepts of personal relevance and make the experience more mean-
ingful [48, 85] or simple, playful datasets to minimize potential dis-
engagement from negative stereotypes with data and mathematical
literacy often faced by people with IDD [3, 110]. Additionally, tasks
were structured to gradually increase in complexity throughout the
series of activities, providing a steady scaffold to help participants
develop a more sophisticated understanding of data.

3.2 Online Data Pen-Pal Workshop
Inspired by the Dear Data project [1], our preliminary workshop
paired four online participants with IDD as data pen-pals to create
visualizations using provided prompts and facilitate visual com-
munication in the VisuaLand structured role-playing scenario de-
scribed above. Participants were paired randomly with a pen-pal
and instructed that they would be communicating using the outputs
of each activity. They attended weekly individual Zoom sessions,
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In Person Workshop
Two Day Set Up Daily Workflow

The 16 participants were split into tables of 
4, each with a researcher to lead their group. 

Each day, the participants completed the 
activities in their groups. 

A range of materials were provided to 
use for the activities. 

Between activities, a researcher came to 
each table to facilitate participants sharing 
their work. 

2 Days Small Groups Provided Craft Materials

Figure 4: Overview of the in-person workshop structure. In the in-person session, 16 participants were grouped into tables of
four, each accompanied by a researcher. Across two days, each table engaged in three activities daily, exchanging feedback on
their work after each task. Materials provided included craft supplies, food items, and constructive materials such as LEGOs.

each lasting about 60 minutes and facilitated by a designated “vi-
sual messenger” from our research team. This researcher assisted in
exchanging and discussing their visualizations, ensuring a smooth
and effective communication process throughout the project. Each
participant committed to an eight-week workshop schedule, which
included a one-hour pre-workshop interview, six weeks of activity
reviews and critiques, and a one-hour post-workshop interview.
This setup is illustrated in Figure 3.

Prior to the workshop, participants engaged in a pre-interview
Zoom call where they discussed their data and visualization experi-
ences. During this session, they completed a visualization question-
naire comprising 10 questions to gauge baseline visualization liter-
acy adapted from a popular data visualization literacy assessment
test [63]. Additionally, participants finished a practice screen-time
visualization task to get a sense of the activity types and provided
feedback. Finally, they were introduced to Task One (i.e., Creative
Selfie). We walked them through a series of example slides, en-
couraging the use of a broad range of materials for their projects.
Following the introduction, each participant received access to a
personal Google Drive folder containing the activity slides for the
workshop, broken down by activity.

Over the next six weeks, participants engaged in weekly Zoom
calls, approximately one hour each, with their visual messenger.
During these sessions, they discussed their own visualizations for
the week and provided feedback on those created by their design
buddy-—a fellow workshop participant—-using a pre-designed feed-
back report (accessible at IDD Co-designWorkshop). Discussions
and comments centered on three key themes: engagement with
the activity, comprehension of each other’s work, and suggestions
for improvement. To maintain confidentiality and focus on visual
communication, participants remained anonymous to one another
throughout the workshop.

In post-workshop interviews, participants engaged in a compre-
hensive review and reflection of all activities and visualizations,

both their own and those of their peers. They focused on the lessons
learned from the workshop, proposed changes they would like to
implement, and discussed their attitudes toward data and visualiza-
tion. Upon completing the workshop, each participant received a
$120 Amazon Gift Card.

The remote setup provided participants the flexibility to create
visualizations using readily available materials, which accommo-
dated diverse schedules and preferences. However, this arrange-
ment also introduced several challenges. The extended duration
of engagement over six weeks in some cases led to fatigue and
dropout. Additionally, the asynchronous communication between
participants and the research team could delay immediate engage-
ment and timely resolution of questions or concerns. Furthermore,
conceptual challenges and technological literacy issues, such as
understanding tasks and uploading visualizations to Drive, posed
additional obstacles for participants. Notably, while participants
were generally engaged with the activities, three out of seven par-
ticipants withdrew from the study at various stages due to the
significant difficulty in understanding data—-especially numeric
data-—or the time commitment required.

3.3 In-Person Co-Design Workshop
Drawing from insights gained from the online workshop, we refined
the workshop flow and activities into a two-day in-person co-design
workshop at a local community center with 16 participants with
IDD. Prior to the workshop, participants were divided into four
cohorts based on their interests (Art, Food, Games, and Sports)
with assistance from the community center staff. These topics were
used to narrow down the design prompts and connect them to
participants’ interests. This setup is illustrated in Figure 4. For the
in-person workshop, we implemented several modifications from
the remote study to enhance the experience:
(1) Data Simplification and Prompt Adjustments: After Day
One, the team reflected on theworkshop experience and re-evaluated

https://osf.io/dsvn8/?view_only=16497f3c27dc4f78ba0cc79a87ecad75
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the difficulty level of Day Two’s activities for participants. Based
on feedback from the center staff, we simplified some datasets and
adjusted the prompts. For instance, in the Buddy’s Week activity,
we reduced the data table from three rows to one and supplied each
participant with five sticky notes for creating their visualization.
We also removed the Bear Comparison activity and streamlined the
Cats & Dogs activity to focus solely on comparing owners’ ratings.
(2) Introduction of Templates and Scaffolding: We observed
significant cognitive challenges and even emotional burnout expe-
rienced by in-person participants when working with numerical
data and concepts such as percentages. To support the participants
more effectively, we introduced templates and added scaffolding
measures. For example, in the Color My Feelings project, we di-
vided the activity into three steps, progressing to the next only
after all participants had completed the current one. In the Color
Challenge activity, participants were provided with either a plate or
a popsicle stick to use as a base for their visualizations, rather than
starting from scratch. This approach was employed to evaluate the
effectiveness of various instructional interventions.
(3) Enhanced Interaction and Collaboration: We supplied a
variety of crafting materials and arranged participants into four
groups at separate tables. Four facilitators from our team, one at
each table, led three to four participants and collaborated closely
with the center staff to clarify the prompts and offer support. This
setup fostered a more interactive and collaborative environment,
aiming to make the workshopmore engaging for everyone involved.

Each table was equipped with identical supplies, comprising
colored pencils, paper, wood tiles and blocks, play-doh, LEGO bricks,
stickers, sticky notes, plates, and popsicle sticks. Extra materials
such as pasta, beans, marbles, feathers, pom-poms, and buttons
were arranged on a separate table. One facilitator from the research
team was assigned to manage each table, collaborating closely with
participants and their caregivers over the two days. We followed
the center’s operating schedule and had a total of four sessions over
the course of two days.

During the opening icebreaker, participants introduced them-
selves and shared their chosen topics. For each activity, we provided
a task explanation and presented several examples. Subsequently,
participants broke into smaller groups to work on their visualiza-
tions. Facilitators’ primary responsibilities included clarifying tasks
to their respective tables, ensuring everyone comprehended the
prompts, aiding participants in the ideation or execution of their
visualizations when necessary, gathering feedback on activities
from participants, and taking observational notes. Each partici-
pant received a $200 Walmart Gift Card as compensation for their
participation.

The in-person setup proved to be more effective in engaging par-
ticipants with IDD in co-design activities. This format highlighted
the importance of multimodal and hands-on learning approaches
in accessible data literacy. Providing tangible materials and step-by-
step scaffolding helped participants better understand and engage
with complex data concepts. It also encouraged spontaneous col-
laboration and peer support among participants, which was less
feasible in a remote setting. Overall, the in-person format created
a more immersive and supportive environment that significantly
improved engagement and outcomes in the co-design activities.

3.4 Participants
We obtained approval from the institution’s Institutional Review
Board (IRB) office before starting the recruitment process. Our
workshops consisted of 20 participants aged 23 to 72, evenly divided
between 10 females and 10 males, all with self-reported mild to
moderate IDD. Participants were recruited based on functioning
abilities such as being self-directed and capable of understanding
and communicating, rather than through cognitive assessments
(e.g., IQ tests).

The four online participants were returning participants who
had participated in previous studies, while the 16 in-person partici-
pants were recruited at a local community center, with no previous
engagement in research. Participants’ de-identified demographic
information is summarized in Table 1. We do not link artifacts
or quotes with participant demographics per our partner organi-
zation’s policies. Online participants tended to be younger, more
verbal, and independent, with more experience in working with
data and visualization. In contrast, in-person participants were
typically older, less verbal, and less independent, with limited expo-
sure to data and visualization. However, these differences did not
significantly impact our results.

Group Age Gender IDD Type

Online 23 M Cerebral Palsy
Online 30 M Autism
Online 36 M Autism
Online 41 F Mild ID

In-person 37 M Mild ID, Autism
In-person 39 M Moderate ID, Sturge-Weber syndrome
In-person 42 M Mild ID
In-person 53 F Mild ID, Sandhoff disease, Seizure
In-person 52 F Cerebral Palsy
In-person 68 F Mild ID
In-person 69 M Moderate ID
In-person 47 F Moderate ID
In-person 54 M Mild ID
In-person 34 M Down syndrome
In-person 36 F Down syndrome
In-person 32 F Mild ID
In-person 36 M Mild ID, Autism
In-person 72 F Moderate ID, Autism
In-person 64 F Mild ID
In-person 37 F Moderate ID

Table 1: Participants’ de-identified demographic information.

3.5 Analysis
For both the online and in-person workshops, we collected de-
sign artifacts created by participants, supplemented by our own
observational notes. We also recorded video footage of the online
sessions and took photographs during the in-person workshops
to aid further analysis. We employed thematic analysis and open
coding to identify patterns within the data. Our analysis focused on
the unique strategies and challenges faced by participants in data
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interaction, visualization design, and the practical implications for
engaging them in both online and in-person co-design settings.

Our team reviewed all artifacts collectively and conducted two
rounds of discussions, structured by both activity and participant.
These discussions helped us develop and refine a comprehensive set
of codes. Throughout the discussions, we examined the strategies
and challenges participants encountered in data comprehension
and representation for each activity. We also assessed individual
strengths and weaknesses, observed developmental changes over
time, and recognized the dynamic role of visualization in partici-
pants’ interactions with data. The complete collection of labeled
artifacts is available at IDD Co-design Workshop.

4 FINDINGS
We collected over 240 artifacts from 20 participants across both
workshops, along with video recordings and detailed observations
from five facilitators. We developed a codebook to analyze these ar-
tifacts, focusing on materials used, physical characteristics, level of
detail, and strategies or challenges in data authoring. We evaluated
participants on their strengths, weaknesses, quality of work, com-
pletion time, effort, creativity, and identified their best and worst
work. This analysis aimed to address our core research question:
How do people with IDD approach and visualize data? Below, we
present general insights from the workshops, highlighting patterns
in data sense-making and visualization.

4.1 Exploring Data through Hands-on Activities
Participants with IDD and their caregivers tended to employ a
constructionist approach [31] to data exploration and visualization.
Instead of simple sketches, they built physical projects to represent
data, engaging in physical tasks and using tangible items. They
incorporated isotype visualization techniques [36] to make abstract
data more concrete. This hands-on, constructive approach [42]
facilitated direct interaction with data, enhancing understanding
and engagement through physical manipulation.

In the Creative Selfie activity, one participant used various can-
dies to map out their facial features, such as chocolate chips for
eyes and gummy worms for the nose and lips (Figure 5 (a)). By
manipulating their favorite candies, the participant turned the ab-
stract idea of identity into a fun, interactive learning experience.
As they noted, “I loved picking out the candies and seeing my face
and personality come together.” In the Happy List activity, another
participant used pasta and beans to represent a recent family gath-
ering (Figure 5 (d)), stating, “I will make a dish with things on my
happy list.” This example demonstrates how participants tend to
think concretely, infusing data with meanings to represent personal
stories and memories.

Using tangible materials also helped overcome communication
challenges and fostered mutual understanding. In the Happy List
activity (Figure 5 (b)), a participant used colored stick figures to
represent significant people in their life and pasta lines to show
the strength of their bonds. This method highlighted the qualita-
tive aspects of data, making its nuances and quality more visible
and engaging. In the Pictorial Essay activity (Figure 5 (c)), a care-
giver helped a participant recall weekly events using tangible items:
YMCA blocks for a trip, an orange pom-pom for a basketball game,

a black button for bowling, green sticky notes for shopping, and a
stick figure with a feather for a party. These items made it easier
for the participant to remember and share their experiences. As the
caregiver noted, “it’s like each item brings back a specific memory.”

Throughout the workshop, participants frequently used isotype
visualization [36], which employs countable pictograms (Figure 5).
This aligns with prior findings that isotypes are more accessible
for people with IDD [107], aiding working memory and linking
abstract concepts to tangible quantities. Using various materials,
isotypes integrated semantics and connected abstract data to count-
able quantities. For example, participants used this approach to
express various preferences (Figure 5 (e)), illustrate percentages
(Figure 5 (f)), and represent diet compositions (Figure 5 (g)). This
approach helped participants link numbers to meaning. As one
participant said, “Making the numbers concrete made it easier to
understand.” However, they also noted that this abstract represen-
tation did not come naturally: “But I’d probably just have a picture
of me doing that activity,” highlighting the need for more intuitive
and contextually rich data visualization.

These findings demonstrate the effectiveness of a constructionist
approach in data representation for people with IDD. Hands-on
activities and physical objects helped participants give personal
meaning to data, express themselves creatively, and make abstract
concepts more concrete. Future research should explore several
key directions. First, integrate constructionist approaches into data
education curricula and encouragemultisensory learning for people
with IDD. Second, investigate how novel digital technologies can
facilitate physical interactions with data to create more immersive
and engaging experiences. Lastly, develop new design guidelines
to explore data physicalization with various materials to improve
comprehension and best practices.

4.2 Humanizing Data with Personal Narratives
Participants sought to personalize data by incorporating personally
meaningful elements into their visualizations. This approach con-
nected the data to their experiences, turning abstract information
into relatable narratives and making visualization a medium for
sharing personal stories and perspectives.

One strategy involved using symbols. For example, one partic-
ipant frequently used the heart symbol (Figure 6 (a, b, c)). In the
Creative Selfie, it represented love for family and friends, while in
tasks like Circle Hunt and Circle Groups, it expressed frustration.
Using personally meaningful symbols and imagery allowed partici-
pants to convey complex feelings in a way that resonated with them,
fostering a deeper connection with the data being represented.

Participants also emphasized emotional elements in their data
visualizations by linking data points to personal experiences and
feelings. For example, in the Cats & Dogs activity, participants
used facts about these animals to create visualizations that taught
key lessons. One participant, who had a traumatic experience with
dogs, showed that dogs need much more care than cats, framing
this as a negative (Figure 6 (f)). They commented, “I had a bad
experience with dogs and I always hated them, so I showed that in
my visualization.” This personal perspective added an emotional
dimension to the data, illustrating how personal experiences can
shape the design of visualization.

https://osf.io/dsvn8/?view_only=16497f3c27dc4f78ba0cc79a87ecad75
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(a) (b) (c) (d)

(e) (f) (g)

Figure 5: Exploring data through hands-on activities. Participants in the workshop embraced a constructionist approach to
data visualization, employing diverse materials to bring the data to life, and utilized isotype visualizations (e, f, g) to make data
more concrete. Participants used candies to represent facial features (a) and utilized stick figures and pasta to symbolize the
bond between themselves and loved ones (b). They crafted tangible pictorial essays (c) and favorite activity representations (d),
using everyday objects to convey their experiences and emotions.

Some participants took their visualizations a step further by
developing characters that gave the data a human face and per-
sonality. This approach made the information more relatable and
engaging by personifying abstract data points. For instance, in the
Pictorial Essay task, one participant crafted a comic strip (Figure 6
(e)) detailing their week. In the Creative Selfie task, a participant
drew an entire baseball field and team within a circle, using color
to highlight player traits (Figure 6 (d)). Although unconventional
for a selfie, this approach added personal meaning and depth to the
data. As the participant explained, “I love baseball, so I made it part
of my project to show how it’s a big part of me.”

These observations demonstrate how participants with IDD used
personal narratives to humanize data and convey their experiences
through visualizations. By incorporating personalization, story-
telling, and relating data to their everyday lives, they assigned
personal values to numerical data, transforming abstract informa-
tion into concrete human experiences. This underscores the role of
affect and storytelling in improving data accessibility. To support ac-
cessible data authoring and creativity, future authoring tools could
facilitate personalization by embedding features that allow users to
add custom icons, symbols, photos, and personal elements, infusing
visualizations with personal meaning and relevance. Additionally,
visualization design guidelines should capture and represent the

emotional context of data to enhance engagement. This involves ex-
panding evaluation metrics to help users connect with the data on
a deeper level and investigating what makes useful chartjunk [9].
Finally, designers might incorporate characters, storylines, and
leverage anthropomorphism [61] to personify data points. Collec-
tively, these strategies aim tomake data visualizationmore inclusive
and empathetic, fostering a deeper connection between people and
data, particularly benefiting individuals with cognitive disabilities.

4.3 Explaining Data through Visual Analogies
Participants faced significant challenges with numerical data, re-
flecting common IDD limitations [68]. To overcome these, they
used visual metaphors and analogies to simplify complex informa-
tion, linking unfamiliar concepts with everyday experiences. This
approach made abstract concepts more intuitive, allowing them to
interpret and manipulate data more effectively.

One strategy involved using analogical reasoning, where par-
ticipants translated conceptual mathematical problems into prac-
tical scenarios, echoing findings from research on health data lit-
eracy [106] and special education [102]. In the Color Challenge
task, participants were asked to visualize three proportions. One
participant depicted the process of eating an apple by drawing a
circle and assigning colors—red for eaten, yellow for partially eaten,
and green for untouched—to different stages (Figure 7 (a)), creating
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Figure 6: Humanizing data through personal narratives. Participants were trying to attribute personal significance to the data,
connecting it with their own lived experiences. They frequently integrated personally meaningful symbols, such as a heart,
into their visualizations (a, b, c). They crafted characters and envisioned a complete scene as part of their Creative Selfie (d).
They also developed a tangible narrative full of details depicting their week in the Pictorial Essay (e). They associated data
points with emotional moments, capturing these sentiments in their representation of the Cats & Dogs comparison (f).

something akin to a pie chart grounded in a real-world analog. Di-
viding the circle showed the percentages of the apple eaten, planned
to be eaten, and remaining, linking abstract numbers to real-life.

Participants also used material metaphors to make data tangible
and intuitive. In the Four Circle activity (Figure 7 (e)), one partic-
ipant created a scene with LEGO bricks for stability, an orange
pom-pom for the Sun, colored feathers for a rainbow, and play-doh
for raindrops. These materials, chosen for their distinct visual and
tactile properties, created direct analogies to data qualities. The
solidity of LEGO bricks symbolized stability, while the softness
of the pom-pom and fluidity of play-doh represented variable or
dynamic data. Bright colors provided clear visual differentiation,
making data categories recognizable and engaging. Similarly, in the
Happy List task (Figure 7 (b)), a participant used wooden cubes for
bread, LEGO bricks for chicken, penne for corn, play-doh for peas,
and fusilli for fries. Words like “less,” “love,” “peace,” “happy,” and
“smart” indicated different levels of happiness and feelings associ-
ated with each item, conveying the quality rather than quantity of
the data, and adding extra layers of meaning to the visualization.

Another strategy involved using symbolic and sensory associ-
ations to create multisensory visualizations. In the Circle Hunt
activity, a participant recalled circular objects that triggered intense
sensory experiences, such as railroad crossings with loud noises, a

frowning face for displeasure, hot sauces for a burning sensation,
and fireworks for discomfort from bright lights and sounds. They
represented these emotional responses as proxy data for the un-
derlying categories reflected by the circles. In the Pictorial Essay
activity, a participant selected seven photos from their life, each re-
sembling a human face to convey their feelings for each day (Figure
7 (c)). For example, Wednesday was shown with an electric outlet to
signify an okay mood, Saturday with a speaker for excitement, and
Sunday with a toilet for sadness about the upcoming week. This
method shows how everyday objects can be used for creative data
expression, animating abstract feelings and experiences.

These findings create novel design opportunities for data vi-
sualization, encouraging researchers and practitioners to explore
innovative strategies for data encoding and communication. They
highlight the need to move beyond statistical analysis and stan-
dardized abstract encodings to consider representations that offer
analogs to how people experience data. Participants’ analogous
approach to data emphasizes intuitive representations that pair the
inherent characteristics of the data with visual elements and design
strategies that enhance semantic understanding. This means creat-
ing visualizations where attributes such as shape, color, texture, and
spatial arrangement directly correspond to experiential features of
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Figure 7: Explaining data through visual analogies. Participants creatively transformed complex datasets into relatable and
intuitive representations through imaginative and symbolic imagery. Employingmetaphorical representation, they transformed
the abstract concept of percentage into a tangible process akin to eating an apple, utilizing various colors to denote different
stages (a). They associated materials with similar appearances, textures, or colors to create tactile representations using diverse
materials (b, e). In addition, they symbolized abstract concepts, such as mood, by assigning facial expressions to objects,
reflecting their mood for each day throughout the week (c). They also linked data with sensory experiences and their own
identity, represented in their visualizations (d, f, g).

the data, making thoughtful design decisions that convey deeper
meaning and support visual reasoning.

Future work may continue this investigation in several ways.
First, visualization design could enhance visual reasoning and semi-
otics by studying how users interpret visual analogies, metaphors,
and symbols to create more effective and universally understand-
able visualizations. Second, researchers could develop novel repre-
sentations and interactive formats beyond traditional charts, such
as data comics [6], narrated data videos [5], and gamified data expe-
riences [65]. These approaches provide engaging and intuitive ways
to explore and consume data grounded more in experience than
abstraction. Lastly, researchers could explore using multisensory
elements (e.g., touch, sight, sound) in data representations to meet
diverse learning and sensory needs. This could include haptic feed-
back devices, auditory cues, and multimedia elements to provide a
richer sensory experience.

5 DISCUSSION
Visualization has transformative potential to empower individuals
with IDD by making data more accessible [106, 108]. However, we

have limited guidance on designing cognitively accessible visual-
izations [107], and such guidance is often grounded in assessments
of conventional visualization approaches rather than the authentic
expression of data created by people with IDD. This study aims to
address this gap by engaging 20 individuals with IDD in a series of
hybrid participatory design workshops to establish best practices
for cognitive data accessibility. Reflecting on participants’ strategies
and challenges in approaching and visualizing data, we propose
two future directions for cognitively accessible visualizations: trans-
forming numbers into narratives and blending data design with
everyday aesthetics. These approaches address critical aspects of ac-
cessible data representation, expression, interaction, and education.
This section will explore these directions in detail, reimagining how
visualization can enhance data accessibility and democratize data
access for individuals with diverse cognitive abilities.

5.1 Transforming Numbers into Narratives
Consistent with past studies [102, 107], participants with IDD pre-
ferred concrete approaches to data reasoning and found data more
understandable when directly related to their personal experiences.
The abstract nature of data often caused frustration, highlighting
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the need for cognitively accessible and emotionally considerate data
visualizations. Participants commonly deabstracted data by contex-
tualizing and humanizing it with values, meanings, and narratives.
Most of them struggled with grasping numerical data without con-
crete context. This suggests that narrative visualization [40] may
bridge the gap between abstract data and concrete understanding.

5.1.1 Designing Relatable Data Narratives. Storytelling was a pre-
ferred method for participants to consume data and create vi-
sualizations. Although storytelling with data is relatively well-
established [54, 92], we lack robust evidence on effective data story
design for people with cognitive disabilities. Our workshops high-
lighted the importance of affect and context in storytelling. Emo-
tional experiences shaped both the data participants chose to vi-
sualize and the way they represented it. Metaphors and analogies
contextualized the data and conveyed personal insights and per-
spectives. These observations suggest that accessible data stories
should be both emotionally responsive and contextually rich. Emo-
tional responsiveness involves creating visualizations that connect
with audiences on a deep, visceral level, while contextual richness
embeds data in familiar, real-world scenarios. Future research could
further explore affective design principles [57, 64], such as how
emotional cues like color and imagery impact understanding and
engagement. Additionally, narrative formats rich in metaphors and
grounded in realistic contexts, such as comics [6, 35] and cine-
matics [5, 26], might enhance data accessibility. Combining these
methods may lead to more engaging andmeaningful data narratives
for individuals with IDD.

Participants often connected data to specific individuals by cre-
ating characters in their visualizations. These characters repre-
sented themselves, people and animals in their lives, or individuals
they admired, situating abstract data in personally meaningful con-
texts. This highlights the potential of making data visualizations
more personal and relatable through familiar characters. Future
research could explore how integrating characters or human nar-
rators in data visualizations enhances audience engagement and
personal connection. Studies might investigate character-based nar-
ratives [27] for making data more approachable and examine the
impact of anthropomorphic design [61] on emotional engagement.
Such work could provide valuable insights into developing per-
sonalized and emotionally resonant data visualizations that better
engage and support audiences.

Importantly, individuals with IDD should not be limited to high-
level data summaries. Storytelling techniques can enhance visualiza-
tions by adding richer context and emotional resonance, improving
understanding and engagement. We anticipate that narrative strate-
gies will encourage deeper data engagement and provide effective
scaffolding for better data comprehension and use.

5.1.2 Supporting Personalized Data Expression. Participants and
caregivers frequently customized visualizations to meet diverse
cognitive and sensory needs, highlighting the need for alternative
visualizations and flexible authoring. Data was often represented in
simplified, concrete formats, broken into smaller, manageable pieces.
This preference underscores the benefits of modularity [25] in acces-
sible data authoring. Utilizing adjustable components—such as iso-
type visualizations [36] or LEGO-like building blocks [30]—enables

tailored visualizations, enhancing clarity and flexibility. Future re-
search should explore how to utilize visual chunking strategies
(i.e., grouping related data into distinct sections) [97] and develop
modular visualizations that can be adjusted and configured to better
meet the needs of diverse audiences. Additionally, data authoring
tools should offer customizable features and templates to encourage
creativity and self-expression, allowing individuals to modify de-
sign elements, layouts, and interactive components to reflect their
unique styles and preferences.

The study indicated that visualization could also serve as a tool
for therapeutic expression, helping individuals process and com-
municate their emotions. For individuals with IDD, who often face
challenges with verbal communication [2] and emotional regula-
tion [74], visualization provided a unique means to convey thoughts
and feelings. Creating visualizations of personal data enabled non-
verbal participants to express their emotions more effectively, un-
cover previously unrecognized insights about themselves, and build
stronger connections with those around them. Notably, some ini-
tially reserved participants became more engaged as the workshop
progressed, underscoring the therapeutic benefits of creative data
expression. Future intelligent visualization tools could enhance
personal data storytelling with features for guided reflection [62]
and tracking emotional states over time [78]. These advancements
would provide personalized insights, helping individuals better un-
derstand their emotional journeys and express their experiences
more clearly through their data stories.

Despite the benefits of customizable authoring tools and person-
alized analytics, such tools must be mindful of privacy and user
agency. They should ensure robust data protection, give individuals
with IDD easy access to and control over their data, and provide
clear instructions to support their autonomy.

5.2 Blending Data with Everyday Aesthetics
Due to a historical lack of inclusion in traditional classrooms, indi-
viduals with IDD often have limited math and visualization liter-
acy [107]. We observed that conventional visualizations, such as
statistical charts, were unfamiliar to most of our participants. In-
stead of sticking to standardized chart types, participants and their
caregivers experimentedwith diverse materials, sensory techniques,
and visual formats in constructing data visualizations. In line with
studies on inclusive design for learning and education [22, 31, 81],
hands-on activities and constructionist learning [31] helped par-
ticipants understand abstract concepts significantly better. By ma-
nipulating objects, interacting with physical entities, and gradually
building their understanding through activities like counting, sort-
ing, and assembling, participants found abstract data became more
concrete and easier to grasp. These approaches also reduced the
intimidation associated with data [110], making it more accessi-
ble and comfortable to work with. These observations suggest that
physical data interactions [8, 45] andmultisensory engagement [69]
might enhance data accessibility for individuals with IDD.

5.2.1 Designing Organic Data Interaction. Both online and in-person
participants extensively utilized physicalization strategies in their
visualizations. Online participants used household objects and pho-
tos, while in-person participants worked with materials like beans,
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beads, and play-doh, enabling hands-on interaction. Everyday ob-
jects fostered creative expression and helped with abstract rea-
soning. For example, in the Color Challenge activity, participants
redesigned a pie chart to represent proportions. Although initially
challenged by percentages, the metaphor of using plates proved to
make such concepts more accessible. Dividing the plate into sec-
tions for different foods related the task to real life, and participants
creatively used play-doh, colors, and various items to represent
food groups and volumes. Feedback from in-person staff supports
that familiar structures and starting points can enhance understand-
ing for individuals with IDD. This highlights how linking abstract
concepts to real-world experiences [107], using concrete objects
and templates, can make data more accessible and engaging.

Future visualization and accessibility research should further
explore how everyday objects and real-world contexts can make
data interactions more intuitive and relatable. For example, tech-
nologies like augmented reality [56] could blend data visualizations
with physical spaces, making them more relevant. Tangible inter-
faces [11] might allow individuals to engage directly with physi-
cal data representations, enhancing understanding. Modular and
hybrid tools [7, 15] could combine digital and physical elements
for personalized displays. Wearable technologies, such as smart-
watches [104], could offer real-time, glanceable data visualizations,
while sensor-embedded items [33] could provide dynamic, context-
aware interactions. Exploring these approaches may lead to more
accessible and effective data interactions.

Participants preferred visual and tangible reasoning over statis-
tical methods when interpreting data, highlighting the benefits of
integrating materiality and tangible metaphors into data represen-
tation. Physical objects with various textures, weights, and shapes
provided sensory experiences that enhanced participants’ ability
to engage with abstract concepts. These tactile elements made data
more accessible and influenced how participants interacted with
and understood it. Future work may further investigate how tan-
gible data encoding methods can utilize the qualities of physical
materials [50, 51] or human body movements [79] to design intu-
itive and accessible data interactions, combining tactile-kinesthetic
interaction with cognitive reasoning.

5.2.2 Supporting Multisensory Data Engagement. Individuals with
IDD often have complex needs [2], heightened awareness of their
surroundings, and are prone to emotional dysregulation [28, 88].
These characteristics require adapted strategies for data interaction,
yet effective interventions remain limited. In our study, participants
and caregivers employed multisensory techniques—visual, tactile,
and auditory—during data exploration. This approach not only en-
hanced their understanding and retention of information but also
enabled them to create visualizations that reflected their unique
sensory experiences. In the Creative Selfie task, a participant used
blueberries to form a frowning mouth and added headphones and
sunglasses to indicate discomfort with bright lights and loud noises,
expressing their sensitivity and ongoing unhappiness. In the Cir-
cle Hunt activity, a non-verbal participant initially struggled to
locate circular objects. The caregiver used words and gestures to
guide attention, drew circle examples to clarify the concept, and
employed physical objects to show how to identify and handle the
items. These examples highlight the crucial role of multisensory

approaches in making data visualization and education more ac-
cessible. Tailored strategies can help individuals with IDD better
understand and engage with complex information. Future research
should build on advances in multisensory data interaction [23],
exploring how integrating visual, tactile, and auditory modalities
can enhance accessible learning experiences. This may include de-
veloping learning tools with adaptable interfaces and flexible input
methods [46] to cater to diverse sensory preferences. Moreover,
refining tangible learning strategies [55] with physical and con-
structive elements can foster hands-on exploration. Together, these
approaches could make data education more inclusive, addressing
various sensory needs and fostering engagement.

Reflecting on both remote and in-person workshop formats, we
recommend prioritizing in-person collaborative data learning ex-
periences for students with IDD. While the online data pen-pal
format maintained engagement through peer feedback, in-person
small-group activities fostered better peer support and community
building. Despite individual preferences and pacing, face-to-face in-
teractions offer significant benefits for creating a stronger learning
environment and enhancing collaboration.

5.3 Limitations
The limitations of this study primarily center on engaging individu-
als with IDD in understanding and working with data. Participants
may have faced conceptual or emotional challenges due to the
complexity of the data involved. Additionally, varying levels of
data literacy among participants could have impacted their abil-
ity to engage effectively with the data and design visualizations.
Communication difficulties may have made it challenging for par-
ticipants to provide meaningful feedback on data visualizations or
comment on the process. Moreover, we were unable to link specific
participants to their disabilities, demographics, or other relevant
factors, preventing us from gaining a granular understanding of
how different types of IDD impact data authoring. Despite these
challenges, our study successfully balanced adapting activities to
participants’ needs with advancing our understanding of accessible
data interactions, paving the way for future research in this field.

6 CONCLUSION
In this study, we involved 20 participants with IDD as co-designers
to investigate their approaches to data visualization through a se-
ries of hybrid participatory design workshops. By analyzing the
artifacts created by participants and reflecting on our observations,
we identified three strategies they use to approach data and con-
struct visualizations: hands-on exploration, personal narratives, and
visual analogies. Based on these findings, we propose alternative
guidance for cognitively accessible visualizations, emphasizing the
transformation of complex data into compelling narratives and the
integration of data design with everyday aesthetics.
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