
Empowering People with Intellectual and Developmental Disabilities
through Cognitively Accessible Visualizations

Keke Wu*

University of North Carolina at Chapel Hill
Danielle Albers Szafir †

University of North Carolina at Chapel Hill

Cognitively Accessible Visualizations

empathetic 
therapeutic 

multi-sensory
culturally 
relevant 

Figure 1: Two immediate objectives of cognitively accessible visualizations are to design for personal storytelling and to balance
novelty and familiarity in data design. Particularly, the visualizations need to facilitate empathy in the viewer and support therapeutic
expressions for people with IDD. In addition, designers may leverage multi-sensory approaches to representing data, and create
culturally relevant interfaces to be more in tune with the needs of this community.

ABSTRACT

Data has transformative potential to empower people with Intellec-
tual and Developmental Disabilities (IDD). However, conventional
data visualizations often rely on complex cognitive processes, and
existing approaches for day-to-day analysis scenarios fail to consider
neurodivergent capabilities, creating barriers for people with IDD to
access data and leading to even further marginalization. We argue
that visualizations could be an equalizer for people with IDD to
participate in data-driven conversations. Drawing on preliminary
research findings and our experiences working with people with IDD
and their data, we introduce and expand on the concept of cognitively
accessible visualizations, unpack its meaning and roles in increasing
IDD individuals’ access to data, and discuss two immediate research
objectives. Specifically, we argue that cognitively accessible visual-
izations should support people with IDD in personal data storytelling
for effective self-advocacy and self-expression, and balance novelty
and familiarity in data design to accommodate cognitive diversity
and promote inclusivity.

Index Terms: Human-centered computing—Visualization; Human-
centered computing—Accessibility

1 INTRODUCTION

Data plays an important role in understanding, addressing, and ad-
vocating for the needs and rights of people with Intellectual and
Developmental Disabilities (IDD) [26]. Researchers, advocates,
and organizations can use data to create interventions to improve
lives of people with IDD [1, 9, 17]. Collecting and analyzing data
about people with IDD provides insights into challenges faced by
the community [17], helps identify disparities and inequalities in
resource allocation [1], and guides evidence-based policy-making
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and drives positive social change [9]. Data can also empower in-
dividuals with IDD. It allows the monitoring of personal health,
behaviours and progress, assists with autonomy and enables people
with IDD to make informed decisions and develop effective advo-
cacy strategies [26]. However, working with data is complicated and
requires various cognitive skills to effectively analyze, interpret, and
draw insights [25]. People with IDD face significant limitations in
many cognitive areas; such as learning, reasoning, abstract thinking,
attention, concentration, memory and recall [2], which prevent them
from effectively using, understanding, and making decisions with
data, often excluding them from data analytics and leaving them
vulnerable to many ethical issues. Still, little progress has been
made to improve data accessibility for people with IDD: society
tends to focus on their disabilities rather than abilities [24], underes-
timate their potential and trivialize their needs for data analytics. In
addition, each individual with IDD can have a significantly differ-
ent cognitive profile, which makes developing universal solutions
particularly challenging.

Since 2018, we have been working with this population to design
cognitively accessible visualizations. Our investigation started from
a collaboration with an initiative that aims to support people with
IDD in data-driven financial self-advocacy [9]. In past work, we
conducted a graphical perception experiment to understand how
various visualizations may impact data accessibility in the context
of budgetary data analysis [25]. Overall, the study underlined the
need to design visualizations that attend to the specific abilities and
preferences of people with IDD and demonstrated that cognitively
accessible visualizations may require a different set of guidelines.
We then explored more broadly the lived data experiences of people
with IDD through semi-structured interviews [26]. We found that
people with IDD frequently used personal data for self-advocacy,
self-expression and everyday functioning. However, many of these
data encounters were invisible and inaccessible to people with IDD,
and were not well supported by current data visualizations, leaving
them with limited access to data important to their well-being. Col-
lectively, these studies suggest that visualizations have the potential
to empower people with IDD and that visualization research needs to



pay more attention to the specific needs of this population to develop
truly accessible solutions.

In this article, we build on these findings and our own experiences
to identify a critical near-term research agenda for increasing cogni-
tive access to data. We argue that cognitively accessible visualiza-
tions could serve as an equalizer for people with IDD to participate
in society. Specifically, we discuss two immediate research priori-
ties: supporting people with IDD in personal data storytelling for
effective self-advocacy and self-expression, and balancing novelty
and familiarity in data design to accommodate cognitive diversity
and promote inclusivity.

2 SUPPORTING PERSONAL STORYTELLING WITH DATA

People with IDD use data in a variety of contexts, such as advocating
for one’s needs and rights, sharing personal experiences, or express-
ing thoughts and feelings through data as a creative outlet. However,
our preliminary findings suggest that people assemble and visualize
data sets to tell personal stories in a manual and ad hoc manner.
With limited visualization literacy, most participants found tradi-
tional storytelling approaches inaccessible and often intimidating to
consume and author, leaving them unable to leverage data to their
full benefit in self-advocacy. Therefore, visualization research needs
to understand how to support effective personal data storytelling for
people with IDD (Fig. 2). Visualizations need to represent personal
data of people with IDD to help build empathy through shared lived
experience and turn this empathy into actions. Visualization tools
should empower people with IDD to better communicate personal
stories for creative expression, self-reflection, and compassion.

2.1 Designing for Empathetic Persuasion
Visualization research should aim to develop best practices for de-
signing data stories that build empathy in the viewers to help them
better understand the lived experience of people with IDD. Many
individuals with IDD experience stigma, prejudice and discrimina-
tion: they are largely viewed as liabilities to be managed rather than
assets that contribute unique perspectives to their community [24].
These individuals usually live in systems that were designed without
their unique needs in mind and, as a result, this population often
faces barriers to engagement and participation, ranging from the
health-care system to the criminal justice system to employment and
education [22]. Our research showed that data could be an empow-
ering tool for self-advocacy and help shift these negative narratives
for better social inclusion. Specifically, we found that people with
IDD were trying to make compelling arguments through collecting
and sharing data from their personal lives. These could be written
logs of daily activities and accomplishments, multimedia files that
demonstrate competence and capability, or even survey results that
illustrate the life expectancy gap between disabled and non-disabled
populations.

To translate this data into powerful arguments, cognitively ac-
cessible visualizations should more vividly represent the stories of
people with IDD; they could help communicate their life aspects,
challenges, thoughts and feelings to those who may not share the
experiences; and evoke empathy in the viewers. To design such
compelling data visualizations, or to more effectively move a viewer
to action, we recommend designers use storytelling techniques, but
center the design of these stories around the particular person de-
scribed by the data and/or the argument to make rather than the
data per se. This means that designers may need to co-design with
people with IDD to build better empathy and an understanding of
their lives, and then base the design on IDD individuals’ point of
view. Visualizations may help a viewer better relate to the story by
using true-to-life imagery and having a character that carries the
IDD individual’s values and beliefs. To better elicit empathetic re-
sponses, future authoring tools may learn from principles of the arts
to create an aesthetic experience with data. For example, different
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Figure 2: Cognitively accessible visualizations should support people
with IDD in telling personal stories through data to elicit empathy in
the viewer for more effective self-advocacy and facilitate therapeutic
expression and self-compassion by helping them make sense of
personal data and life experiences.

colors can be mapped to emotions and feelings; visual emphasis
and contrast can be made to highlight certain piece of data or make
a statement; music, sound effects and narrations can be layered
into a multimedia data visualization to establish a setting, develop
characters, or advance the plot. These aesthetic experiences may
allow a viewer without IDD to feel the emotions and perspectives of
people with IDD, being able to peek into their inner worlds and daily
lives, getting a sense of “us” rather than “them.” Such stories may
help people develop a strong sense of engagement [21] and deeper
connection with characters depicted in the story (i.e., people with
IDD), and activate empathy, which then translates to action.

2.2 Designing for Therapeutic Expression
Visualization can serve as a therapeutic tool for people with IDD
to regulate emotions and develop self-compassion by encouraging
creative expression and meaning-making with personal data. People
with IDD are three to four times more likely to develop psychiatric
disorders compared with the general population [14]. Approximately
one third of adults with ASD have emotion dysregulation and chal-
lenging behaviours (CBs) [10], negatively affecting their quality
of life and social participation. We found that data was commonly
used by people with IDD, especially those with ASD, as a way of
self-expression and reflection, a proxy to communicate thoughts and
feelings in psychiatric treatments, and occasionally an educational
device to improve self-regulation [26]. For example, participants
kept written notes of their symptoms and reactions to social situa-
tions, they created a values checklist to reflect everyday behaviors,
curated video clips that depict human interactions to discuss with
their therapists, and created drawings, photos, and multimedia files
to express how they feel about themselves and the world around
them.

People with IDD, particularly those with ASD, usually experience
anxiety as a result of sensory processing issues [5]. Our studies indi-
cate that the anxiety may also stem from the social awareness that
they are different: they may experience feelings of loneliness and
isolation as a result of not conforming to social norms or an inability
to fit in with their peers. For example, one participant described how
they personally relate to the movie Beauty and the Beast, “My under-
standing is that the beast is autistic to a certain extent. He has a lot
of books. He loves knowledge. That’s essentially me. And he’s nice,
but he has that inner world that’s not being understood. And Belle
is just this oddball. She just seems to be ahead of her time that she
understands the beast. She’s like the therapist that he needs and she



ends up falling in love with the beast.” Similarly, another participant
from our workshop on the theme of “Aliens from the VisuaLand”
expressed how they “truly feel like an alien to the human world.”
The sense of alienation can magnify feelings of self-doubt, resulting
in social anxiety, low self-esteem, and depression, ultimately leading
people with ASD to shut down. Due to the many shared behavioral,
conceptual, communicative, and social difficulties, individuals with
IDD in general experience high risks of co-morbid mental health
conditions such as affective, anxiety, psychotic, and impulse con-
trol disorders [27]. However, research indicates a common lack
of clinical knowledge and training about the needs of people with
IDD among mental health professionals, resulting in misdiagno-
sis and mistreatment that are associated with an exacerbation of
dysfunction and disability [27]. Non-pharmacological therapeutic
support in IDD—such as social prescribing, behavioral and educa-
tional interventions, or psychotherapy—seem to be more effective
than other interventions [13]. While beyond traditional visual ana-
lytics, data visualizations do not have to be purely analytical. We
argue that cognitively accessible visualizations could be a therapeu-
tic device, providing a creative outlet for individuals with IDD to
express themselves, communicate ideas, and make sense of complex
life experiences for positive meaning-making. This can happen in
several ways:
(1) Supporting self-expression and storytelling. Data visualization
can be a creative way to tell personal stories or narratives. By
combining data and personal experiences, individuals with IDD can
create visual representations that highlight their unique perspectives
or journeys. By utilizing design choices such as colors, shapes, and
visual metaphors, individuals can infuse their data visualizations
with emotion and personal expression. This can help overcome
communication challenges and enable people with IDD to create
visualizations that evoke specific feelings, connect with the audience
on a deeper level, and convey the subjective aspects of the data
being represented. Visualization research may further investigate
the connection between different design elements and emotions
to provide templates for people with IDD to readily communicate
feelings and generate stories from the data.
(2) Encouraging self-reflection and compassion. Engaging in data
visualization can prompt people with IDD to reflect on their own
data, habits and behaviours. People with IDD can gain insights into
their patterns, progress, or areas for improvement. Visualization can
serve as a means to explore personal interests or passions. Whether
it’s visualizing personal fitness data, travel experiences, or reading
habits, individuals can create visual representations of their hobbies,
interests, or personal pursuits. This allows them to share their en-
thusiasm, express their unique perspectives, and potentially inspire
others who resonate with their visualizations. Visualization research
may explore different encoding strategies and representation formats
for expressing these personal experiences to help people with IDD
intelligently manage their data and arrive at useful insights.

3 BALANCING NOVELTY AND FAMILIARITY IN DATA DESIGN

Despite being everywhere, data is invisible to many people with IDD,
who often consider data as a remote subject and show apathy or even
aversion to it. Most of them are usually unconscious of everyday
data experiences and disinterested in improving data literacy [26].
Moreover, data is abstract and usually comes in diverse formats
in large volumes, which requires significant cognitive resources
and specialized training to work with. Many participants in our
studies complained about the complexity of data and their lack of
abilities and resources to make sense of it [26]. Evidence from our
research shows that when designed carefully, visualizations are able
to help people with IDD better reason with data [25], and that the
awareness of and willingness to work with data is largely driven by
personal motivation [26]. However, we found that most participants
associate data with “hard drive” and “technology”, treating it as

something used by “a computer type of gal” or “people who do
studies” but not themselves. These stereotype-driven beliefs about
data can have detrimental effect on people’s ability and confidence
in taking control of data. To change this stereotypical view and
encourage interests in working with data, cognitively accessible
visualization should strike for a balance of novelty and familiarity
in design. We anticipate that this can best be achieved by creating
novel multisensory experiences to increase the awareness and appeal
of “mundane data”, and also by having IDD individuals’ shared
knowledge and experiences in mind to design culturally relevant
interfaces that help them digest and relate to new information.

3.1 Creating Multisensory Data Experiences
Visualization should accommodate the diverse needs and abilities
of people with IDD by providing alternative representation options
and novel data experiences. On top of being highly susceptible to
psychiatric disorders, individuals with IDD are also far more likely
to develop multiple physical health conditions, such as epilepsy,
visual impairment, hearing loss, mobility issues, and sensory pro-
cessing disorders [11, 18, 20]. Our data interview highlighted a
common yet unconscious use of data among this population, espe-
cially those less independent participants: tracking personal routine
data to adjust daily regimen [26]. However, this data is usually
invisible and inaccessible to people with IDD, as it is considered
as part of the daily routine and is collected for other people (e.g.,
caregivers, psychologists, dietitians, physicians etc.) rather than
themselves, which significantly reduces the agency and control of
their own data and even bodies. We argue that cognitively accessible
visualizations should help IDD individuals improve awareness of
personal data, encouraging them to explore this data and participate
in decision-making about their own lives.

Figure 3: Cognitively accessible visualizations may take in multisen-
sory forms for better data awareness and accessibility.

Discussions with caregivers and therapists suggested that indi-
viduals with IDD will likely benefit from a combination of visual,
verbal, and tactile cues to understand prompts and complete every-
day tasks. Given the heterogeneity of this population, we suggest
visualization designers consider using multisensory data represen-
tation strategies to help people with IDD reason with data 3. For
example, data can be transformed into physical sculptures or instal-
lations to provide a tactile and visual experiences [8]. Individuals
with IDD can physically interact with the sculpture, manipulating
different elements to explore and reason with the data through a
constructionist approach [12, 15]. The sculpture could use various
textures, shapes, or colors to represent different data points or cat-
egories, allowing individuals to physically rearrange and compare
them [4]. Data can also be sonified, with different data attributes
being mapped to various auditory elements such as pitch, rhythm,
or volume. This allows individuals to listen to patterns, trends, or
relationships in the data, providing an alternative perspective for



reasoning and analysis [16]. Utilizing tactile interfaces, such as
touchscreens, haptic feedback devices, or braille displays, can enable
individuals to reason with personal data through touch. People can
feel patterns, textures, or vibrations associated with different data
points, enabling a tactile exploration and analysis of the data [16].
By turning data exploration and analysis into interactive games or
challenges, individuals can utilize visual, auditory, and even kines-
thetic senses to make decisions, solve problems, and reason with
personal data in an enjoyable and immersive manner. In addition,
creating multisensory data dashboards that combine visual rep-
resentations with auditory cues, interactive touchscreens, or haptic
feedback can provide a comprehensive data experience. This al-
lows individuals to reason with personal data using a combination
of visual, auditory, and tactile senses, enhancing the depth of un-
derstanding and analysis. Future visualization research may better
understand how different modalities can be used to accommodate
IDD individuals’ complex sensory needs and preferences, and more
thoroughly examine the impact of various modalities on cognitive
accessibility.

3.2 Creating Culturally Relevant Data Interfaces

Since IDD is usually a set of disabilities rather than single diagnosis,
it may impact each individual differently [2]. In our experiences
working with this population, almost everyone has a distinctive set of
conditions and faces unique challenges despite being characterized
under the umbrella term “IDD,” which makes developing a univer-
sally accessible solution extremely difficult. Yet our graphical per-
ception experiment (Fig. 4) demonstrated that thoughtfully designed
visualizations can serve as a cognitive amplifier and help people
with a range of disabilities better reason with data [25]. For example,
people with IDD tend to relate abstract visual elements to real-world
objects (e.g., treemaps as colored pieces of paper, stacked bars as
rising stairs etc.). They benefit from familiar visual metaphors,
such as dollar signs and other semantically meaningful imagery, to
understand the context of data. Additionally, axis-aligned isotype vi-
sualizations and discrete, countable representations can also largely
improve their accuracy and confidence in data interpretation. While
pie charts are extremely inaccessible, stacked bars and treemaps can
make proportion data twice as accessible. However, our experiment
only covered a niche application of data visualization (fiscal anal-
ysis). Most conventional tools and guidelines were developed for
neurotypical consumers without considering the differences of peo-
ple with IDD, introducing unintentional yet ongoing challenges for
this population. Cognitively accessible visualizations will require a
different set of guidelines and likely take on different shapes [25].
They should be designed with respect to the unique needs, abili-
ties, and preferences of people with IDD, tapping into their shared
cultural knowledge and experiences. Designing such a culturally
relevant interface may involve several aspects:
(1) Visual Design. Incorporating culturally appropriate visuals, col-
ors, symbols and imagery that are familiar and meaningful to people
with IDD in the design. Our studies suggest that individuals with
IDD generally prefer true-to-life representations over abstract visu-
alization when reasoning with data. When designing for a particular
scenario, designers may first need to understand what visuals make
sense to people with IDD, and then consider maximizing the details
of the representation, using photos, icons and other relevant pictori-
als to communicate data context. Future research should examine
the role of semiotics in designing accessible visualizations or even
explore what “useful” chart junk [7] would look like for people
with IDD, identifying meaningful signs and symbols to include in
visualization design to cater to their needs.
(2) Navigation & Layout. Organizing the navigation and layout of
a visualization to match IDD individuals’ expectations and mental
models. People with IDD usually have attention and memory is-
sues [2], whereas those with ASD specifically are highly susceptible

Figure 4: Guidelines for designing cognitively accessible visualiza-
tions drawing from the graphical perception experiment in support of
financial self-advocacy for people with IDD.

to cognitive overload and can easily get overwhelmed by unexpected
changes and transitions [5]. However, both groups mentioned the
potential benefit of guided sensemaking, such as “step-by-step” im-
agery, to help direct their attention [26]. Future research should
explore the impact of turning abstract visualizations into more con-
crete formats, such as data comics [6], data videos [3], or games [23],
as they may enable self-paced navigation and help people with IDD
break down multidimensional data into digestible pieces.
(3) Content, Language & Representation. Adapting the texts and
communication styles of the visualization to reflect the preferences
of people with IDD. To ensure the content is inclusive and make
people feel represented and respected, designers need to be careful
with their data selection and use unbiased data sources, paying close
attention to the visual encoding and design choices to not skew or
distort the data. They need to provide contextual information and
consider alternative perspectives, encouraging critical thinking and
interpretation of the data. The visualization needs to be an objective,
accurate, and inclusive representation of the data, and the people
it describes. Future research may explore how affective design
elements [19] can meaningfully reflect the cultural identities of this
population and create emotionally engaging visualizations.

4 THE NEED FOR COGNITIVELY DIVERSE VISUALIZATIONS

People with Intellectual and Developmental Disabilities (IDD) en-
compass a diverse population with unique characteristics and abili-
ties, which often translate to more complex and intense challenges
compared with other disabilities. The solution for developing cog-
nitively accessible visualization is not a straightforward one, as it
needs to cater to diverse cognitive needs and abilities, accounting
for different information processing, comprehension and interaction
preferences and challenges, and will require flexible and adaptable
approaches to working with this population and presenting informa-
tion. Unlike physical disabilities that can often be addressed through
standardized accessibility guidelines, cognitive disabilities are highly
individualized and context-dependent. There is no one-size-fits-all



approach to cognitive accessibility, making it challenging to develop
universal guidelines or standards.

Yet, our preliminary investigations show that visualization could
be a promising tool to improve cognitive access to data and provide
concrete support for people with IDD in various areas of life. How-
ever, designing cognitively accessible visualizations will require a
different set of guidelines and concerted efforts dedicated to address-
ing their particular challenges. We argue that designing for cognitive
accessibility is to design for cognitive diversity, and it is a matter of
equity and respect. By providing equitable access to information, in-
dividuals can gain knowledge, express their opinions, and contribute
to decision-making processes. And by designing visualizations that
cater to diverse cognitive needs, we can foster a more inclusive and
equitable society where data is accessible to all.

5 CONCLUSION

Data can empower people with IDD in many ways. However, work-
ing with data is difficult and often out of the reach of this population.
In this paper, we argue for a near-term research agenda for cogni-
tively accessible visualizations to serve as an equalizer for people
with IDD to better participate in society. Based on preliminary
findings and our own reflections working with this population and
their data, we discuss two immediate research goals for cognitively
accessible visualizations to improve data accessibility. First, visual-
izations should support people with IDD with better personal data
storytelling for more effective self-advocacy and self-expression.
Second, visualizations should balance novelty and familiarity in
design to increase IDD individuals’ awareness of and agency over
personal data and ultimately make this population more visible in
the inclusive data visualization space.
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