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Abstract—The increasing ubiquity of data in everyday
life has elevated the importance of data literacy and
accessible data representations, particularly for individu-
als with disabilities. While prior research predominantly
focuses on the needs of the visually impaired, our survey
aims to broaden this scope by investigating accessible
data representations across a more inclusive spectrum
of disabilities. After conducting a systematic review of
152 accessible data representation papers from ACM and
IEEE databases, we found that roughly 78 % of existing
articles center on vision impairments. In this paper,
we conduct a comprehensive review of the remaining
22% of papers focused on underrepresented disability
communities. We developed categorical dimensions based
on accessibility, visualization, and human-computer in-
teraction to classify the papers. These dimensions include
the community of focus, issues addressed, contribution
type, study methods, participants, data type, visualization
type, and data domain. Our work redefines accessible
data representations by illustrating their application for
disabilities beyond those related to vision. Building on our
literature review, we identify and discuss opportunities
for future research in accessible data representations.
All supplemental materials are available at https://osf.io/
yv4xm/?view_only=7b36a3fbt7a14b3888029966faa3def9.

Index Terms—Accessibility, Data Representations.

I. INTRODUCTION

Data plays a crucial role in enabling individuals to
explore information about themselves, their communi-
ties, and topics of personal relevance and importance
[1]]. With the growing utilization of data in everyday
life, data literacy, once primarily confined to scientific
professionals and journalists, has now evolved as an
essential skill for the general population [2]. Indi-
viduals utilize data to formulate informed decisions
across many domains, including health, finance, and
current events [1f]. Historically, visual representations,
typical data visualizations, have been the primary tool
to render data more comprehensible to the general pub-
lic. However, data visualizations have evolved beyond
traditional visual representations, including innovative
ways to engage auditory and tactile modalities. These
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multimodal approaches provide immersive insights,
enhancing our understanding and interaction with com-
plex data sets. Such an expansion in multimodal data
representations is partly attributable to the need for
accessibility, as conventional visualizations may pose
challenges for individuals with disabilities [3]], neces-
sitating the exploration of alternative representations
for data.

Individuals with disabilities frequently encounter
limitations in accessing, engaging with, and inter-
preting complex data [4]. Addressing this disparity
is critical because it is paramount that all societal
members, irrespective of their abilities, are accorded
uniform access to information and the tools required to
extract meaningful insights from it. Efforts to augment
accessibility in data representations have been predom-
inately directed towards individuals from blind or low-
vision (BLV) communities [5]. However, individuals
with non-vision disabilities can also benefit from ac-
cessible data representations. For example, wheelchair
users may utilize geographical maps to access infor-
mation about sidewalk accessibility [6]]. Those with
cognitive disabilities can interpret their behavioral data
through specialized visualizations [7]. Additionally,
for deaf and hard-of-hearing (DHH) individuals, word
clouds can present auditory data from hybrid meetings
to be more accessible [8]].

Building on these insights, our research seeks to
expand the scope of accessible data representation
beyond the traditional focus on the BLV communities.
While previous studies have predominantly centered
on data representations tailored for visually impaired
individuals [5[], [9], we aim to take a more inclu-
sive approach. Our research explores accessible data
representation across a broader spectrum of disabil-
ities, delving into historically overlooked areas. The
objective of this paper is distinct: to investigate under-
represented communities and better understand how
accessible data representations have supported people
with various disabilities.

To achieve this, we systematically analyzed litera-
ture from ACM and IEEE databases. Of the 152 papers
reviewed, 78% predominantly focus on vision impair-
ments. However, the remaining 22% demonstrated a
diverse range of disabilities, such as motor or physi-
cal impairments, cognitive and perceptual disabilities,
neurological conditions, chronic illnesses, and issues
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related to older adults. This diversity underscores the
importance of a comprehensive review to understand
the various research objectives, the types of data rep-
resentations utilized, and the methodologies employed
in accessible data representation.

In summary, we present three contributions: 1) A
thorough overview of trends in accessible data rep-
resentations, 2) A new taxonomy specifically for non-
vision impairments, and 3) Insights into future research
opportunities and challenges in this field. Our work
redefines the scope of accessible data representations
beyond vision impairments, highlighting the need for
accessible data representations that cater to a broader
spectrum of disabilities and present a preliminary
framework for accessible data representations, building
on the foundational work of Kim et al [5].

II. BACKGROUND
A. Disability & Accessibility

According to the World Health Organization
(WHO), approximately 16% of the world’s population
lives with some form of disability [10]. This group
is inherently diverse, with each individual facing a
unique set of challenges that may result in lower life
expectancies, compromised health statuses, and greater
daily limitations compared to those without disabilities
[10].

Technological interventions can empower people
with disabilities, producing tailored solutions to spe-
cific challenges. Accessibility research, committed to
developing and adapting technologies for individuals
with disabilities, has gained considerable momentum
in recent years [[11]]. Significant progress includes the
development of theoretical frameworks and guidelines
(e.g., [12], [13]]), the innovation of new techniques
(e.g., [14], [15]), and the implementation of practical
applications in various areas (e.g., [16], [[17]).

A significant change in accessibility has been the
shift toward ability-focused design solutions rather
than those centered on disabilities. Wobbrock et al.
introduced the concept of Ability-Based Design, which
repositions abilities as the critical factor in design con-
siderations [[12]]. Quintero further emphasizes the cru-
cial role of participatory and collaborative approaches
when creating accessible technologies [18]. These ad-
vancements are not limited to a single application; they
span various domains from educational tools [19] to
navigation aids [20]], serving diverse communities and
advancing the overarching goal of digital equity.

Despite recent progress, the issue of data accessi-
bility—defined here as the ease with which people
can access, understand, and interact with data—has
only recently started to receive significant attention
[3l. Existing research provides limited insight into
the unique data challenges faced by individuals with
various disabilities. There is also a lack of guidance on
designing accessible data representations to serve the
specific needs of these diverse groups. Our study aims

to fill this gap, focusing not just on vision impairments
but on a broader range of disabilities to make data
more universally accessible.

B. Data Visualization Accessibility

In this subsection, we focus specifically on the ac-
cessibility of data visualizations, representing the most
prevalent form of data representation. Recent research
in this area has increasingly shifted towards improving
the accessibility of data visualizations, spurred by a
growing awareness of its importance [4]. Research on
accessible data visualization has primarily focused on
meeting the needs of individuals with vision impair-
ments. Key areas of study include exploring screen
reader user experiences with visualizations [21]], inves-
tigating touch-based accessible graphics [9]], examin-
ing optimal ways to communicate information through
various modalities [22]], and assessing the real-world
accessibility of visualizations [23].

Since traditional data visualizations heavily rely
on visual cues, researchers have explored alterna-
tive modalities to make visualizations more inclu-
sive. These alternatives include speech-based inter-
faces [24]]-[26]], sonification techniques [27]], and tac-
tile or haptic displays [28[|-[|31]]. These innovations not
only enhance the accessibility of data visualization but
also contribute to a broader understanding of multi-
modal information processing [3]], [5], [32]. Alterna-
tive modalities have been instrumental in expanding
accessible data visualization research, showcasing the
potential to benefit not only individuals with vision
impairments but also those whose physical disabilities
render it challenging to engage with data visualizations
using conventional input and output methods [33].
As accessible data visualization continues to evolve,
research continues to focus on people with vision
impairments [3], [4]. While researchers have begun to
recognize data access as an equity issue for various
disabilities such as auditory, cognitive, and motor
impairments [4f], [34], these areas have received less
attention than vision-related disabilities.

Adaptive design principles that address the users’
unique needs with sensory, motor, or cognitive im-
pairments make data representations more inclusive
within digital environments. For instance, individuals
with motor disabilities can benefit from specialized
data representations of maps. These could include
real-time data on wheelchair-accessible routes, easing
their navigation through urban settings [[6]. Universal
accessibility in interacting with these data representa-
tions remains crucial [33]]. Such accessibility equips
individuals with motor disabilities to engage with data
and navigate their environment confidently.

Similarly, adapting visualization design guidelines
to support people with cognitive disabilities can im-
prove their information processing and mitigates spe-
cific challenges [35]. Integrating these considerations
into visualization design enhances user sensemaking
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and contributes to a more inclusive information land-
scape. This inclusivity empowers people with disabil-
ities to participate fully in various aspects of mod-
ern life, from education and employment to personal
decision-making and social engagement.

While these efforts are significant, it is essential to
acknowledge that the challenges faced by underrep-
resented communities with varying disabilities may
differ from those commonly addressed for the BLV
population. Solutions effective for the BLV community
may not universally apply to people with other forms
of impairment. To this end, our comprehensive review
aims to explore and highlight the varied accessibility
needs across a diverse range of disabilities. By doing
so, we seek to synthesize the challenges and solutions
specific to these underrepresented groups, encouraging
further research and fostering a more nuanced under-
standing of accessibility in data representations.

III. METHODOLOGY

We employed a systematic review approach fol-
lowing the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) methodology
[36]. The PRISMA guidelines provide a comprehen-
sive framework to ensure transparency, replicability,
and rigor in the identification, screening, and synthesis
of relevant studies. The methodology comprised three
primary stages: (1) identification of studies, (2) dataset
creation, and (3) data synthesis and analysis. In addi-
tion, we provide our dataset within the supplemental
materials (also available online at https://osf.io/yv4xm/
?view_only=7b36a3fbf7a14b3888029966faa3def9).

A. Identification of Papers

This study focuses on accessible data representa-
tions for people with disabilities and emphasizes the
often overlooked needs of individuals with non-visual
disabilities. The multidisciplinary nature of the papers
collected for this review encompasses research from
visualization, human-computer interaction(HCI), and
accessibility communities. Thus, combining research
across multiple proceedings, we defined ACM Digi-
tal Library and IEEE Xplore databases as the most
relevant for our review. Furthermore, we limited our
analysis to papers published between January 2000
and December 2022. The search strategy encompassed
keywords and boolean operators to identify potentially
relevant articles within the categories of visualization,
accessibility, and disability. Relevant studies were re-
trieved using the search query:

(("visualization™ OR "visualisation"
OR "graph" OR "chart") AND
("accessible" OR "accessibility" OR
"inclusix") AND ("disability" OR
"disabled" OR "impairx"))

We also specifically searched IEEE TVCG, VIS,
TOCHI, CHI, TOACCESS, ASSETS, CSCW, and

CGF (EuroVis) using a broader search query with
keywords in the same categories. The last search was
concluded in December 2022.

B. Dataset Creation

After removing duplicates, 913 records were identi-
fied through database searches, constituting our initial
corpus. Three researchers divided the initial corpus to
independently screen the titles and abstracts of the
identified records against pre-defined inclusion and
exclusion criteria. When necessary, the main text was
also reviewed to determine the eligibility of each paper
for inclusion in the final corpus based on our criteria.
The inclusion criteria for this review are presented
below:

o Focus on accessibility pertaining to disabilities
and/or impairments

o Address the accessibility of data-driven represen-
tations

The exclusion criteria were:

« Artifacts previously published in another publica-

tion

« Papers not reported in English

Any uncertainties and disagreements between re-
searchers were resolved through discussion. Following
the initial screening, three researchers retrieved the full
texts of the selected articles and assessed them for
eligibility. Ultimately, 152 articles were included in
the final corpus for our systematic review.

To conduct a more focused investigation of non-
visual accessibility, we created a new dataset from a
subset of our initial collection, specifically addressing
underrepresented communities. To achieve this, three
researchers divided the collection of 152 papers and
examined titles and abstracts to identify articles not
exclusively centered on vision impairments. Papers
were considered eligible for inclusion if they either
addressed a non-visual disability, accessibility from a
non-specific perspective (i.e., without focusing on a
single particular disability), or discussed vision impair-
ments in conjunction with at least one other non-visual
disability.

The newly created dataset comprised 34 papers se-
lected based on their emphasis on non-visual accessi-
bility. This selection facilitated a more comprehensive
examination of the unique challenges and opportuni-
ties that underrepresented disability communities face
within accessible data representations.

C. Data Synthesis and Analysis

We carried out quantitative and qualitative analyses
on our two datasets: the unfiltered dataset of 152
papers to provide an overview of the current state of
research in accessible data representation and a more
detailed analysis of our 34-paper corpus.
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1) Analyzing Trends in Accessible Data Representa-
tions: Our initial investigation of the 152 papers aimed
to provide an overview of accessible data represen-
tation research, focusing on understanding the target
populations and the field’s growth trajectory in recent
years. The quantitative aspect of this investigation en-
tailed gathering paper characteristics, such as the target
audience and publication year, to appraise the literature
systematically. This approach enabled us to offer key
trends and insights in accessible data representations.

2) Taxonomy of Accessible Data Representations
for Non-Vision Disabilities: To complement the
overview of our initial investigation, we conducted
a qualitative examination of the 34 articles within
our focused subset. Our primary objective in this
systematic review is to present a comprehensive per-
spective on how accessible data representations diverge
across various non-visual disabilities. Consequently,
we employed inductive thematic analysis [37] to create
a classification schema for our focused dataset.

Our thematic analysis adhered to the six principal
stages delineated by Braun and Clarke [37]]: (1) famil-
iarization with the data, (2) generation of preliminary
codes, (3) exploration for themes (in this context,
dimensions of accessible data representations), (4)
assessment of the themes, (5) definition and denomina-
tion of the themes into dimensions, and (6) completion
of the final report. The refined subset was divided
among three researchers to code the papers, generat-
ing preliminary codes independently and subsequently
meeting weekly to reassess codes throughout the cor-
pus. During these meetings, the researchers discussed
any uncertainties and established consistency among
their codes.

This approach allowed us to review the articles
multiple times, helping us refine key themes into di-
mensions and identify their connections. We extracted
information regarding research objective (e.g. issues
addressed, contribution type), research methodology
(e.g., research methods, participants involved, and
sample sizes), and data representation (e.g., data types
utilized, visualization type, and the data domain) from
each of the 34 papers.

IV. TRENDS IN ACCESSIBLE DATA
REPRESENTATION: TARGET AUDIENCE AND
PUBLICATION TRENDS

We first characterize the state of accessible data
representation research in terms of target audience and
years when papers were published.

A. Target Audience

An overwhelming 78.3% (N=119) of the 152-paper
corpus focuses on the unique needs of individuals
who are blind or have low vision. As illustrated in
Table [, research on accessible data representations
disproportionately focuses on visual accessibility. The

remaining communities receive disproportionately less
attention, constituting less than 22% of the reviewed
literature. Of the 119 papers focusing on the BLV
community, we found only one study that was not
exclusively centered on this group (e.g., [38]]).

Target Audiences zzz:rs wi g:ﬁ/ Code
BLV 119 (78.3%) 118 (77.6%)
Motor/Physical 12 (7.9%) 8 (5.3%)
Older Adults 6 (4.0%) 3 (2.0%)
DHH 5(3.3%) 5 (3.3%)
General Disability 5(3.3%) 5(3.3%)
Autism 2 (1.3%) 1(0.7%)
Cognitive 2 (1.3%) 1(0.7%)
IDD 2 (1.3%) 0 (0.0%)
Learning Disabilities 2 (1.3%) 2 (1.3%)
Other 2 (1.3%) 2 (1.3%)
ADHD 1(0.7%) 1(0.7%)
TABLE I

FREQUENCY OF CODES IN target audience FOR THE 152-PAPER
CORPUS. ‘THIS CODE ONLY’ COUNTS INSTANCES WHERE THE
CODE WAS APPLIED IN ISOLATION, NOT ALONGSIDE ANY OTHER
CODES IN THIS DIMENSION.

B. Publication Trends

We analyzed the chronological distribution of all
152 papers in our dataset to understand historical
trends. As depicted in Figure [1} research in accessible
data is growing, reflected by increased publications.
Most strikingly, the volume of papers in 2021 nearly
doubled compared to the previous year, a surge we
believe is partly attributable to the heightened pub-
lic need for understandable data during the COVID-
19 pandemic. During this global crisis, governments
extensively utilized data visualizations for communi-
cating crucial information, elevating public awareness,
and forecasting future outcomes, making intricate data
more accessible to a broader audience [39]. However,
the pandemic exposed the limitations of existing data
visualization practices and served as a catalyst for
change in terms of accessibility, mainly when a signif-
icant portion of the population lacked adequate access
to vital information [4]].

V. CLASSIFICATION SCHEME

Our taxonomy, developed at the intersection of
visualization, human-computer interaction (HCI), and
accessibility, aims to establish a comprehensive taxon-
omy for categorizing accessible data representations.
This taxonomy incorporates classifications from each
area, including aspects of visualization [40], accessi-
bility [L1]], and HCT [41], [42].

The development of this taxonomy involved iterative
rounds of open coding, leading to the identification of
eight dimensions: (1) community of focus, (2) issues
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Fig. 1. An overview of the collected papers, categorized by year and community of focus, with a particular emphasis on either the BLV

population for visual accessibility or underrepresented communities for non-visual accessibility.

addressed, (3) contribution type, (4) study methods,
(5) participants involved, (6) data type, (7) visual-
ization type, and (8) data domain. To streamline our
analysis, we have categorized the eight dimensions into
three distinct groups, each representing a core aspect
of the surveyed research. The first group, research
objectives, encompasses dimensions that define the
goals and target communities of the studies. The
second, research methodology, includes dimensions
related to the methods and participants involved in the
research process. Finally, data representations covers
dimensions that describe the types and domains of data
used. This structured grouping is visually represented
in Figure [3] aiding in a clearer understanding of our
taxonomy’s framework.

This section presents our classification scheme to
our survey of 34 papers focusing on non-vision im-
pairments. Detailed definitions for each of the eight
dimensions and 64 codes in our taxonomy are avail-
able in the Supplementary Materials. Complementing
this, Figure 2] gives an overview of our classification
scheme.

A. Research Objectives

1) Community of Focus: We included the com-
munity of focus dimension, inspired by Mack et al.
[T1]], to identify the “accessibility-related population or
community being studied or positioned by the authors
as benefiting from the research [I1].” Our analysis
revealed various terminologies and groupings used to
describe these communities. Notably, many studies

addressed multiple disability communities simultane-
ously. For example, research on older adults often en-
compassed motor/physical and cognitive impairments.
Similarly, studies on intellectual or developmental
disorders (IDD) frequently included motor/physical
impairments and autism.

Like Mack et al. [[T1]], we faced the most inconsis-
tencies around neurodiverse populations in our corpus.
To address this and more accurately represent the
variety of groups studied, we followed the authors’
original descriptions of their targeted communities.
This led us to distinguish between communities that
are often collectively addressed, such as IDD from
autism (e.g., [35]]). This decision allowed us to achieve
a more detailed and inclusive classification, particu-
larly for neurodiverse and cognition-related disabili-
ties, thus ensuring a finer-grained categorization in our
taxonomy.

In our original corpus of 152 papers, only 22%
(N=34) of papers focused on accessible data repre-
sentation research for non-vision disabilities. Among
these non-vision disabilities, we identified eleven dis-
tinct communities, as listed in Table [l The most
represented communities were motor and physical
disabilities (35.3%, N=12), followed by those targeting
older adults (17.6%, N=6). Furthermore, research on
the DHH community and studies with a broader focus
on general disabilities each received similar levels of
attention, accounting for 14.7% (N=5) of the papers.
Papers categorized under general disability primarily
focused on accessibility concerns pertinent to a wide
spectrum of disabilities. This broad category encom-
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( Classification Scheme for Accessible Data Representations )
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Fig. 2. Our comprehensive classification scheme for accessible data representations, comprising three overarching groups, further divided

into eight dimensions and encompassing a total of 64 specific codes.

passes research addressing various issues: from the de-
velopment of accessible data components for academic
publications [43] to investigations into sociotechnical
aspects [30], and the establishment of accessibility
standards in data representations [44]]. Other commu-
nities received less consideration, encompassing indi-
viduals with cognitive impairments (5.9%, N=2), IDD
(5.9%, N=2), autism (5.9%, N=2), learning disabili-
ties (5.9%, N=2), and attention deficit hyperactivity
disorder (ADHD) (2.9%, N=1). In line with Mack et
al. [[11]], the other classification, accounting for 5.9%
(N=2) of our articles, was used to identify emerging
and underrepresented areas in accessibility research.
This category, specifically assigned to studies focusing
on individuals with chronic [45] and neurological
conditions [46]], highlights the necessity of expanding
research to include a broader range of disabilities. It
underscores the potential for growth in areas that are
currently not well-represented in accessibility research
either.

2) Issues Addressed: To better understand the scope
of research in accessible data representations, we an-
alyzed the research objectives of papers within our
dataset. This dimension was inspired by Mack et
al. [11] categorization of common issues researchers
attempt to address in accessibility literature. We clas-
sified each paper according to its primary objective,
whether it was to make data representations more
accessible or to use these representations to facilitate
better access to information or places for people with
disabilities.

We identified eight issues addressed by researchers.
Our analysis revealed that the most prominent goals
in current research are enhancing access to the phys-
ical world (26.47%, N=9), conveying personal data
(20.59%, N=7), and devising accessibility frameworks
(17.65%, N=6)—see Table Furthermore, we iden-
tified five additional issues researcher attempted to

Community of Papers w/ This Code
Focus Code Only
Motor/Physical 12 (35.29%) 8 (23.5%)
Older Adults 6 (17.6%) 3 (8.8%)
DHH 5 (14.7%) 5 (14.7%)
General Disability 5 (14.7%) 5 (14.7%)
Autism 2 (5.9%) 1(2.9%)
Cognitive 2 (5.9%) 1(2.9%)
IDD 2 (5.9%) 0 (0.0%)
Learning Disabilities 2 (5.9%) 2 (5.9%)
Other 2 (5.9%) 2 (5.9%)
ADHD 1(2.9%) 1(2.9%)
BLV 1(2.94%) 0 (0.0%)
TABLE II

FREQUENCY OF CODES IN community of focus FOR THE 34-PAPER
CORPUS. ‘THIS CODE ONLY’ COUNTS INSTANCES WHERE THE
CODE WAS APPLIED IN ISOLATION, NOT ALONGSIDE ANY OTHER
CODES IN THIS DIMENSION.

tackle: transforming data into alternative modalities
(14.71%, N=5), facilitating interactions with medical
professionals (14.71%, N=5), assessing accessibility
“in the wild” (8.82%, N=3), comparing disabled and
non-disabled populations (8.82%, N=3), and charac-
terizing accessibility requirements (5.88%, N=2).

Interestingly, the identified issues addressed were
not consistently associated directly with specific com-
munities. Enhancing access to the physical world,
which encompasses aspects such as neighborhood ac-
cessibility [47] and public transportation access [48]],
predominantly emerged in papers concentrating on
motor/physical disabilities (77.8% N=7/9). However,
four papers also examined augmenting physical world
access for individuals with cognitive impairments,
older adults, BLV, and the general disability com-
munity. Analogously, personal data communication
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emerged as the most diverse issue addressed, spanning
five communities: older adults, cognitive impairments,
ADHD, autism, and others. Personal data may encom-
pass a range of information, including physiological
data [45]], mental engagement [49]], behaviors [7]], or
performance [50], but the communication of personal
data consistently involves monitoring an individual’s
data to communicate this information to users, care-
givers, or medical professionals. This process, tailored
for unique requirements, frequently deals with data
that is particularly relevant for individuals with dis-
abilities, a type of data that is generally less prevalent
in the non-disabled population. For instance, it might
involve monitoring cognitive function in individuals
with cognitive impairments, which is not a common
concern for those without such conditions [49]].

Moreover, the transformation of data into alternative
modalities was particularly prominent in research fo-
cused on the DHH community (80%, N=4/5), demon-
strating how speech data and sound localization can
be transposed into textual visualizations (e.g., word
clouds [8] or visual representations to indicate sound
characteristics [51]]). This issue is similarly crucial
in the BLV communities, where transforming data
into accessible representations (e.g., tactile,auditory)
is essential for bridging sensory gaps and enhancing
accessibility [4], [21]. Meanwhile, the creation or pro-
posal of accessible frameworks was more commonly
associated with studies addressing general disabilities
(66%, N=4/6). This finding highlights how, although
research objectives may differ, there is often an overlap
in addressing accessibility across different disabil-
ity communities, emphasizing the potential of these
frameworks to provide guidelines for accessible data
beyond a singular disability focus.

By integrating these findings with our communities
of focus dimension, we uncovered opportunities for
creating accessible data representation solutions that
can benefit multiple disability communities. These
insights underscore the importance of tailoring data
representations to specific groups and recognizing
shared challenges that can drive broader advancements
in data accessibility.

Issue Addressed zzzgs wl g:il Code
Increasing Physical World Access 9 (26.5%) 9 (26.5%)
Personal Data Communication 7 (20.6%) 5 (14.7%)
Devising/Proposing Frameworks 6 (17.7%) 4 (11.7%)
Converting Data to a Different Modality 5 (14.7%) 5(14.7%)
Interacting with Medical Professionals 5 (14.7%) 2 (5.9%)
Measuring Accessibility In The Wild 3 (8.8%) 1(2.9%)
Making Comparisons 3 (8.8%) 1(2.9%)
Characterizing Accessibility Needs 2 (5.9%) 1(2.9%)
TABLE III

FREQUENCY OF CODES IN issues addressed. ‘THIS CODE ONLY’
COUNTS INSTANCES WHERE THE CODE WAS APPLIED IN
ISOLATION, NOT ALONGSIDE ANY OTHER CODES IN THIS

DIMENSION.

3) Contribution Type: We added a contribution type
dimension to our taxonomy to capture a common
theme across visualization [5], HCI [41], and ac-
cessibility research [11]. This classification is based
on the research contribution types in HCI outlined
by Wobbrock et al [41]. Among the seven types
they identified - artifact, methodological, empirical,
theoretical, dataset, survey, and opinion - our review
found examples of all except for the opinion contri-
bution. In addition, we recognized the need for an
additional category to adequately represent the breadth
of visualization research. Consequently, we expanded
our classification to include algorithm as a distinct
contribution type, resulting in seven contribution types
throughout our taxonomy.

Our findings revealed diverse contributions, where
artifact contributions were the most popular at 76.5%
(N=26). Other contribution types included empirical
(8.8%, N=3), theoretical (8.8%, N=3), dataset (2.9%,
N=1), algorithm (8.8%, N=3), survey (2.9%, N=1), and
methodological (2.9%, N=1). The prevalence of arti-
fact contributions in our corpus (76.5%, N=26) under-
scores a significant emphasis on developing tangible
tools and solutions within the field. In contrast, the
relatively low occurrence of empirical contributions
(8.8%, N=3) markedly differs from the broader trend in
accessibility literature, where empirical contributions
typically dominate [[11]. This discrepancy highlights
a clear gap in the empirical validation of novel tech-
niques and methodologies, a crucial aspect typically
emphasized in broader accessibility research [[11].

Although survey (2.9%, N=1), dataset (2.9%, N=1),
and methodological (2.9%, N=1) contributions were
less frequent in our study, this scarcity aligns with the
similar trends observed in accessibility research [[11].
Therefore, their limited representation in our findings
does not imply they are less important but rather
reflects broader patterns in accessibility research.

B. Research Methodology

1) Study Methods: We incorporated study methods
as a dimension to identify the user-centric approaches
in accessible data representation research. This di-
mension’s codes are based on methods commonly
used in both accessibility [[11]] and HCI research [52].
Our aim was to investigate how researchers engage
and prioritize users with disabilities, specifically when
creating new accessible data representations.

Our review identified ten methods within our corpus,
emphasizing the importance of categorizing these to
understand how users with disabilities are integrated
into research practices. This is crucial in accessibility
contexts, where understanding user needs and abilities
is vital [12].

Our findings reveal a diverse range of research
methods, with controlled experiments (29.4%, N=10)
and interviews (23.5%, N=8) being the most prevalent.
Case studies and prototyping were also notable, each
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accounting for 14.71%(N=5). Only 26.5% (N=9) of
the 34 papers utilized more than one research method.
However, methodologies like usability testing, which
are crucial for assessing accessible technologies [52],
were less frequently used (8.8%, N=3). Additionally,
as shown in Table[IV] other standard research methods
in user studies, such as design workshops (11.76%,
N=4), focus groups (2.94%, N=1), and field studies
(5.88%, N=2), appeared less often in our analysis.
These observations correlate with our earlier findings
regarding the limited empirical contributions.

Contrary to the expectations of human-centered
design that prevail in HCI and accessibility research
[11], [42], only 64.7% (n=22) of the 34 papers in-
corporated user studies. Among the twelve papers
that did not include user studies, the employed re-
search methods encompassed algorithm and system
analyses (e.g., [38]], [53[]), surveying the accessibil-
ity of interactive data visualizations (e.g., [46]) and
the development of assistive technology prototypes
without subsequent user evaluations (e.g., [49], [54]).
These methods undoubtedly contribute to the field,
but the absence of user studies, whether for initial
development or subsequent evaluation, limits the in-
corporation of valuable insights and perspectives from
the disability communities targeted. Relying solely
on literature or theoretical frameworks for creating
and evaluating accessible technology is insufficient
[52]. Additionally, this approach hinders our ability to
gauge the real-world effectiveness of new accessible
data representations, specifically regarding their actual
benefits for users with disabilities.

Study Methods zzzzrs wi g:; Code
Controlled Experiments 10 (29.4%) 8 (23.5%)
Interviews 8 (23.5%) 3 (8.8%)
Case Studies 5 (14.7%) 2 (5.9%)
Prototyping 5 (14.7%) 5(14.7%)
Workshop/Design 4 (11.76%) 1(2.9%)
Survey 3 (8.82%) 1(2.9%)
Usability Studies 3(8.8%) 1(2.9%)
Other 3 (8.8%) 3 (8.8%)
Field Study 2 (5.88%) 1(2.9%)
Focus Groups 1(2.9%) 0 (0.0%)
TABLE IV

FREQUENCY OF CODES IN study methods. ‘THIS CODE ONLY’
COUNTS INSTANCES WHERE THE CODE WAS APPLIED IN
ISOLATION, NOT ALONGSIDE ANY OTHER CODES IN THIS

DIMENSION.

2) PFarticipants Involved: Understanding who par-
ticipates in research is as essential as understanding
what is being researched. Central to accessibility re-
search is the involvement of users with disabilities,
whose insights are important in developing effective
solutions. This dimension evaluates the extent to which
studies in our dataset have integrated these critical

perspectives. Our analysis not only focused on the
presence of user studies but also scrutinized the spe-
cific user groups involved. Adopting the participant
categorization used by Mack et al. [11], we ensured
our analysis aligned with established norms in acces-
sibility research.

Our classification schema, designed in alignment
with accessibility research [11], allowed us to identify
five participant types in these studies: people with
disabilities, older adults, people without disabilities,
specialists, and caregivers. It is crucial to acknowledge
that these categories often intersect; for instance, a
specialist or caregiver may also be a person with or
without a disability. However, in our classification,
people without disabilities specifically refers to the
general population not identified with disabilities. This
category excludes those identified primarily by their
roles, such as specialists or caregivers. Therefore, if
the primary focus in a study was on individuals in
their capacity as specialists or caregivers, regardless of
their disability status, we classified them under their
specific roles.

Of the 22 papers incorporating user studies, as
illustrated in Table [V| shows that the majority (63.6%,
n=14/22) featured participants with disabilities and
older adults. Among the eight papers that did not
involve these demographics, 37.5% (n=3/8) included
participants who were either specialists or caregivers.
Additionally, six papers presented a mix of partici-
pants, combining individuals with disabilities or older
adults with those without disabilities, specialists or
caregivers.

Recruitment of users for accessibility research can
prove challenging due to the limited number of rep-
resentatives and the difficulties in locating suitable
users [55]. So, we analyzed the number of participants
reported in the 22 papers that conducted user studies.
The median number of participants was 7 (M=19.8,
SD=33.5). Upon closely reviewing papers that con-
ducted user studies exclusively with participants who
either have disabilities or are older adults, we found
that these studies typically had smaller sample sizes
with a median sample size of 5.5 (M=7.6, SD=7.2).
Among these, seven out of the eight papers had sample
sizes of fewer than ten participants.

C. Data Representation

1) Data Type: Based on Shneiderman’s data type
classification [40|], we categorized the data in our
corpus into five types, aligning with visualization
research. Additionally, we introduced a sixth cate-
gory, non-specific, to account for instances where
researchers did not focus on a specific data type. This
expansion ensures our categorization comprehensively
represents all data types encountered in our analysis.

Our review revealed a diverse utilization of data
types. Two-dimensional data types, which traditionally
represent maps and planar data, were featured in
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Participants Involved zzz:':s wi g:; Code

People with Disabilities 11 (50.0%) 7 (31.8%)

Specialist 8 (36.4%) 3 (13.6%)

People without Disabilities 7 (31.8%) 5(22.7%)

Older Adult 3 (13.6%) 1(4.5%)

Caregiver 1(4.5%) 1(4.5%)
TABLE V

THE FREQUENCY OF APPLIED CODES FOR participants involved.
THIS ANALYSIS IS EXCLUSIVELY BASED ON PAPERS
INCORPORATING USER STUDIES, WITH A TOTAL SAMPLE SIZE OF
N=22.

nearly half (47.06%, N=16) of the papers within our
review, followed by multidimensional data, which was
present in 32.35% (N=11) of the papers. Although less
frequent, one-dimensional (14.71%, N=5), temporal
(17.65%, N=6), and tree (8.82%, N=3) data types
were also identified in our analysis—see Figure [3]
We discovered that seven papers utilized multiple data
types. Interestingly, we observed that multiple data
types were often used in conjunction, especially tem-
poral data, which rarely appeared in isolation. Three
papers, all of which aimed at devising frameworks,
did not focus on presenting a specific data type, were
classified as non-specific, underscoring the versatility
and broad applicability of these frameworks for various
data types (e.g., [30], [43], [56]).

2) Visualization Type: We analyzed visual encod-
ings in our corpus to better understand the diverse
representations utilized to present data to people with
disabilities. Unlike other visualization surveys that
often group various visualization types (such as basic
versus advanced charts) [4], [57], we chose to maintain
detailed distinctions of the specific visualization types
employed by researchers. This allowed us to precisely
identify which visualizations have been modified for
accessibility and those used to depict elements related
to access.

We identified eleven types of visualizations utilized
for accessible data representations. Maps emerged as
the most prevalent visualization type in our analysis,
constituting 38.2% (N=13) of the papers, as shown in
Table This prevalence underscores the critical role
of spatial data in enhancing accessibility and navigat-
ing physical spaces. In cases where authors were not
specific about the visualization type or suggested that
their work could be generalized across various types,
we classified these instances as general graphics. This
category was identified in 20.6% (N=7) of our corpus,
capturing a broad spectrum of papers. Line charts and
bar charts, each accounting for 14.7% (N=5) of the
visualizations, also demonstrate their enduring popu-
larity. Less frequently, we encountered instances of pie
charts (2.9%, N=1), glyphs (8.8%, N=3), tables (2.9%,
N=1), treemaps (5.9%, N=2), bubble charts (2.9%,

N=1), boxplots (2.9%, N=1), and textual visualizations
(8.8%, N=3). We included textual visualizations in
our classification to illustrate how words and sounds
can be effectively represented as data through visual
encodings that incorporate actual text. This category
highlights the use of textual elements, like word clouds
(e.g., [8]) or captions (e.g., [S1]), as a means to
represent auditory or linguistic data visually. This type
of visualization is especially effective for the DHH
community, where visual representation significantly
enhances data accessibility.

Our analysis identified the most commonly used
visualization types and highlights innovative appli-
cations, such as employing textual visualizations in
online meetings to aid DHH individuals, exemplified
by the work of lijima et al. [§]. This instance shows
how traditional visualizations can be adapted to make
otherwise inaccessible data available to diverse audi-
ences. Furthermore, our findings reveal the potential
for creatively adapting existing visual representations
to enhance data accessibility.

Visualization Type zz’;zts wl g:l‘; Code
Maps 13 (38.2%) 13 (38.2%)
General Graphics 7 (20.6%) 7 (20.6%)
Line Chart 5 (14.7%) 2 (5.9%)
Bar Chart 5 (14.7%) 2 (5.9%)
Glyph 3(8.8%) 1(2.9%)
Textual 3(8.8%) 3(8.8%)
Treemap 2 (5.9%) 0 (0.0%)
Pie Chart 1(2.9%) 1(2.9%)
Tables 1(2.9%) 0 (0.0%)
Bubble Chart 1(2.9%) 1(2.9%)
Boxplot 1(2.9%) 0 (0.0%)
TABLE VI

FREQUENCY OF CODES IN visualization types. ‘THIS CODE
ONLY’ COUNTS INSTANCES WHERE THE CODE WAS APPLIED IN
ISOLATION, NOT ALONGSIDE OTHER CODES IN THIS DIMENSION.

3) Data Domain: We classified data domains to
shed light on the diverse contexts and objectives
behind crafting accessible data representations. This
classification is consistent with approaches seen in
other visualization surveys [57]], offering valuable in-
sights into the usual environments and applications
from which data for these visualizations is sourced.
We identified five key domains — navigation, well-
being/health, sound, education, and general — each
offering unique insights into where and how accessible
data representations are needed and currently applied.

Understanding the source domains of data is crucial
in identifying the goals and challenges of accessibility.
Navigation, primarily concerned with spatial data and
movement within spaces, is vital for physical accessi-
bility studies. Wellbeing/Health focuses on improving
various health outcomes, while papers in the sound do-
main address the accessibility of auditory information.
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Similarly, education plays a crucial role in ensuring the
accessibility of learning materials and environments.
Meanwhile, the general category encompasses studies
spanning multiple domains or those not aligning with
a specific domain.

Our analysis revealed that the most familiar domain
was navigation (38.2%, N=13), which includes papers
that focus on accessible data for tasks such as nav-
igation (e.g., [58]]), wayfinding (e.g., [59]), assisting
people using public transportation (e.g., [60]), and
provide people with motor impairments to practice
navigating maps through a virtual simulator [|61]]. This
prevalence highlights the potential for enriching visual
representations with access-related details—such as
information on sidewalk conditions or transit acces-
sibility. Moreover, the wellbeing/health domain also
emerged as prominent (20.6%, N=7),focusing on areas
such as personal health data communication (e.g.,
[62]), support for physical therapy patients (e.g., [63])),
and improved interactions with healthcare providers
(e.g., [64]). Other domains like education and sound
were less represented, each accounting for 8.8% (N=3)
of the studies. Additionally, a general category, en-
compassing studies across multiple domains or those
not fitting into a specific category, represented 23.5%
(N=8) of the papers.”

The relative scarcity of education-focused papers
is particularly notable, given the increasing emphasis
on accessibility in STEM visualizations for students
with disabilities. Research efforts in this domain serve
various objectives. Some studies aim to develop guide-
lines for making educational materials more acces-
sible (e.g., [43], [65]]). In contrast, others employ
data visualization dashboards to understand better the
behavior of students with learning disabilities (e.g.,
[66]). Moreover, the substantial presence of studies
in the general domain underscores the need for more
domain-specific research, which could enhance our
understanding of accessible data in varied contexts.

VI. DISCUSSION

In recent years, visualization, HCI, and accessibil-
ity have seen significant growth in research focusing
on accessible data representations [5]]. However, this
increase has not necessarily translated into a deeper,
more nuanced understanding of the diverse needs
across different disability communities. Our analysis
seeks to fill this gap by expanding the traditionally
narrow focus of accessible data representations, pre-
dominantly centered on the BLV community [3]], [4].
To achieve this broader perspective, we introduce a
new scope for what should be included in accessible
data representation research. In addition to identifying
novel opportunities for accessible data representations
for various disabilities, we offer a preliminary frame-
work. This initial guide is intended to assist future
researchers in understanding and exploring ways to
integrate accessibility into the data visualization design

process. With these contributions, we aim to pave the
way for a more comprehensive and inclusive discourse
on data accessibility.

A. Expanding The Scope of Accessible Data Repre-
sentations

Unsurprisingly, the focus has been on individuals
with visual impairments, given the inherent association
of “visualization” with vision impairment. Notably,
authors in accessible data visualization research com-
monly allude to the argument that visualizations are
fundamentally constructed based on the principles of
the human visual system (e.g., [4]], [67]]), thereby
underscoring the perceived significance of catering
to the needs of individuals with visual impairments.
While this focus is understandable, it limits the field’s
potential for broader impact. It is worth noting that
the ultimate goal of data visualization is not solely to
present data visually but to facilitate data-driven in-
sights [34], [68]]. However, these insights can manifest
through various formats, including auditory, tactile, or
interactive representations.

To shift conventional mindsets around accessible vi-
sualization, we recommend a more inclusive term: data
representations. This term is beneficial for expanding
the scope of accessibility discussions, as it acknowl-
edges that conveying data-driven insights can happen
through multiple modalities, not just visual ones. Al-
though the broader field of data visualization may
continue prioritizing visual representations, within the
accessibility subdomain, a broader set of techniques
is increasingly necessary. Data representations can
support auditory and tactile modalities and include
representations employing innovative interaction tech-
niques [33]. By adopting this more encompassing
terminology, we can better encapsulate the diversity
and inclusivity needed to advance data accessibility.

In examining the current landscape of accessible
data representation, we observed a predominant focus
on translating visual data to accommodate different
modalities. Specifically, much of the existing research
centers on converting visualizations to auditory [22],
or tactile [69]] formats or enhancing their compatibil-
ity with screen reader technology [70]. While these
are critical advancements for fostering equity in data
accessibility, our analysis uncovers additional dimen-
sions of the issue. We found that even visual repre-
sentations, potentially beneficial for individuals with
non-visual disabilities, may remain inaccessible. This
inaccessibility arises from factors such as inadequate
interaction design for those with motor impairments or
older adults [33]], [62], insufficient support for neuro-
divergent individuals [35]], or the lack of accessible
information in the visual representations [48]], [71],
limiting informed decision-making for people with
disabilities. Thus, a comprehensive approach to the
study of accessible data representations should not
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Fig. 3. From our total corpus of 152 papers, we selected 34 papers that focus on non-visual accessibility. This figure organizes our eight
dimensions into three main categories: Research Objective, Research Methodology, and Data Representation, showing the coding scheme

applied to each paper.

only aim to make visual data more accessible but
should also address these multidimensional challenges.

By redefining the scope of accessible data represen-
tations, we can move beyond the limited focus on vi-
sual accessibility. We advocate for a broader approach
that includes various representations, guidelines, and
interactions designed to meet the diverse needs of
different user groups. However, while building upon
the existing strengths of the visualization community,
we recommend expanding its scope to consider a
multiplicity of modalities, channels, and senses and to
embrace interdisciplinary methodologies. Importantly,
we also see a pressing need for increased cross-
community collaboration [4] to ensure that progress
in accessible data research is not hindered. This mul-
tidisciplinary and collaborative approach enables us
to cater to a more diverse range of user needs and
abilities, pushing the boundaries of what accessible
data representations can achieve.

B. Opportunities and Challenges

Informed by our systematic literature review and
expanded perspective on accessible data representa-
tion, we delineate the following avenues for future
exploration:

Incorporating a Wider Range of Access-Related
Elements in Data Representations: Data representa-
tions pervade a variety of domains, such as education,
health, and navigation, and they are often rigorously
tested prior to deployment to optimize how informa-
tion is conveyed. While numerous frameworks and
guidelines exist for effective data display, they often
fail to address the specific requirements for displaying

access-related data. The issue is not necessarily the
need for entirely new representations but rather an
expansion of current ones to include more access-
related elements [3[]. These access-related elements,
which facilitate better physical-world access, may en-
compass a variety of factors such as sidewalk con-
ditions [47], transit accessibility [48]], and auditory
cues [72]. For example, although data representations
related to navigation can provide crucial information
about route accessibility for individuals with motor
impairments, there is limited research on the best
methods for integrating these elements into established
two-dimensional representations. Similarly, sound in-
formation visualization aims to use visual aids to con-
vey auditory data. To better assist individuals who are
deaf or hard-of-hearing, these visual representations
could be enhanced by including locational data that
indicates the source of the auditory information. De-
spite some attempts to incorporate these access-related
elements into data representations [44]], a standardized
framework for their inclusion remains conspicuously
absent, limiting their utility for people with disabilities
in making informed decisions.

Utilizing Data Visualizations as an Accessible
Data Representation: As previously noted, the scope
of data representations has broadened considerablys; it
is no longer confined to mere visual representations.
Data visualizations emerged as powerful tools for
making data more comprehensible and accessible to
the general populace. Over time, these visualizations
have also evolved to address the accessibility needs of
people with diverse impairments. In our refined dataset
of 34 papers, every study included visual elements in
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creating accessible data representations for individuals
with non-vision impairments, underscoring the signif-
icance visual representations still have in accessible
data representations. For instance, our review identified
innovative uses of sound information visualizations
through one-pixel displays [73] and the employment
of word clouds in virtual meetings to assist those
with hearing impairments [8]]. Additionally, data vi-
sualizations have been strategically utilized to support
individuals with dyscalculia [[65]—a learning disability
that affects mathematical abilities.

Our findings reveal the types of data used in these
papers, categorized according to traditional visualiza-
tion data types such as 1-dimensional, 2-dimensional,
tree structures, and others. This classification under-
scores the idea that these alternative forms of data
representation are, at their core, still rooted in prin-
ciples of effective data visualization. Future studies
must first identify the specific type of data they aim
to make accessible. Once the data type is determined,
researchers can then assess whether data visualizations
serve as an effective medium for conveying this in-
formation. Knowing the data type will also enable
researchers to draw upon established best practices
from data visualization as a foundational starting point
for making data more accessible.

Embracing Diversity in Accessible Data Repre-
sentation Design: Recognizing the diversity of needs
within disability communities is crucial for advanc-
ing the field of accessible data representation. The
heterogeneity principle within disability communities
necessitates a nuanced approach, as a one-size-fits-all
model is often infeasible even within a single disability
community. For instance, the varied manifestations of
motor disabilities call for universally accessible data
interactions [33[], [74]]. While numerous data represen-
tation guidelines have origins in cognitive sciences,
these are principally tailored to neurotypical popula-
tions. Wu et al. contend that new guidelines catering
to the unique information processing needs of neu-
rodiverse populations, such as those with IDD, must
be developed to facilitate sense-making and decision-
making tasks effectively [34], [35]]. Such observations
lead to a pivotal consideration: the inherent limitations
of Universal Design (UD) for data representations.
While UD strives for comprehensive accessibility, it
often falls short of meeting the intricate and unique
requirements of diverse disability communities. An
alternative approach, ability-based design [[12]], aims
to optimize data representation by capitalizing on the
specific abilities of individual users. This realization
underscores the need for a paradigmatic shift in re-
search focus—from merely identifying inaccessible
elements in data representations to actively iterating
design adjustments that accommodate various cogni-
tive needs.

Our review found numerous instances where re-
search contributions targeted multiple disability com-

munities [33], [35[], [38], [590, [[75], [76]. Despite the
apparent complexity in addressing the heterogeneity
of disabilities, various accessibility frameworks have
demonstrated utility across multiple disability commu-
nities [[11[], [43], [56]. Nevertheless, in alignment with
established accessibility practices [[11f], [42], we cau-
tion against overly generalizing disability categories.
Although research on accessibility for conditions like
photosensitive epilepsy [46] and chronic obstructive
pulmonary disease (COPD) [45], [[77] remains in its
infancy [11], they can be an additional avenue for
exploration in creating accessible data representations.

Utilizing Alternative Inputs to Interact with Data
Representations: The scope of accessible data repre-
sentations is not limited to diversifying how data can
be consumed; it also includes how users interact with
these representations through various input modali-
ties. Traditional data representations often presuppose
specific sensory and motor capabilities [4], creating
accessibility barriers. Although substantial research
exists on diverse input modalities in broader fields
like virtual reality [78]], social media navigation [79],
and interactive public displays [80], the subject of
alternative input modalities specifically for interacting
with data representations has received less attention
(3]

In our survey, only a few instances were identi-
fied where alternative input modalities—apart from
touch—were employed to facilitate interaction for
users with disabilities. These were gaze-based input
[33]] and voice-activated conversational user interfaces
[62]. This limited focus is particularly noteworthy
given the expanding research landscape in accessible
technology, where gaze-based [81]] and voice-activated
inputs [82] have gained prominence.

The potential for enhancing accessible data rep-
resentations through alternative input modalities is
further highlighted by research targeting the BLV
community [5], [21]. For instance, Sharif et al. in-
tegrated voice-activated commands for screen reader
users to explore additional information about a data
visualization [70]]. Future research should explore and
integrate alternative input modalities, broadening the
interaction possibilities within data representations.

Advocating User-Centric Methodologies: The role
of user abilities in shaping interactions with technol-
ogy is a well-established principle within the HCI
domain. The necessity for including representative
users in usability studies and controlled experiments
gains heightened significance in accessibility research.
This is particularly the case when the target user pop-
ulation possesses unique abilities or experiences that
influence their approach to tasks [55]. Previous work
has shown that research focusing on non-representative
users can yield inaccurate conclusions or overlook
valuable insights [83]. Consequently, we assert that
adopting user-centric methodologies is imperative for
developing genuinely accessible data representations.
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Although it’s positive that about half of the papers in
our refined dataset involved participants with disabil-
ities, there is still potential for further improvement.
Specifically, several prototypes and systems were not
designed for or evaluated by their intended end users.
Although proxies and theoretical models can offer
valuable insights, they are not substitutes for the lived
experiences of individuals with disabilities [52]]. We
suggest that future research could benefit from adopt-
ing participatory and co-design approaches, which
have been recognized as effective methodologies in
developing inclusive solutions [11]], [18].

Expanding Personal Data Visualization for Dis-
ability Inclusion: The increasing prevalence of per-
sonal data visualizations reflects the growing role of
data in modern life [[1]]. However, there is a notable
gap in applying these visualizations to enhance the
quality of life for individuals with disabilities. Our
survey shows that a portion of work on accessible
data representation—particularly as it pertains to older
adults—focuses on the effective communication of
personal information (e.g., [50]], [62]], [64], [75]). For
example, intelligent medication blisters and task-based
calendars have been shown to empower older adults
with greater autonomy [75]. Moreover, Jones et al.
demonstrated the efficacy of these data representations
in facilitating older adults’ understanding of their
behaviors [50].

Additionally, Chen et al. offer compelling evidence
of personalized data representations’ impact on in-
dividuals with specific conditions, such as COPD
[45]. Their study emphasized the effectiveness of
tailoring visual data representations to offer essen-
tial insights and reassurance during physical activities
for individuals managing chronic illnesses. While the
advantages of personal data visualizations are clear
[1]], our findings suggest that effectively personalizing
data representations for individuals with disabilities
involves collaborating with these communities. It is
essential to understand which data is most relevant to
them and how they can benefit from this data being
presented in a way that facilitates learning or insight
generation about themselves. Future research should
aim to identify the specific types of personal data that
are most valuable for decision-making within disability
communities. This approach is vital, as their needs and
preferences may vary from the conventional norms of
personalization.

C. Preliminary Framework for Creating Accessible
Data Representations

As we navigate these challenges and opportunities,
there is a pressing need to embed accessibility into
every stage of the data representation design process.
Our preliminary framework refines the standard data
visualization design process with a strong emphasis
on accessibility. Contrasting with existing models [5],
[84] that often retrofit visualizations for accessibility

post-design, we advocate for accessible data represen-
tations to be inherently inclusive from the start.

1) Inclusive User Characterization: In designing
data representations for communities with disabilities,
we prioritize ability-based design [12[], focusing on
the unique needs of these communities. This requires
understanding the abilities and barriers users face,
especially those with cognitive or motor disabilities
who are often overlooked in visualization research
[4]. By considering various sensory, cognitive, and
motor abilities, our designs become more accessible
and inclusive. This approach is crucial for addressing
gaps in our taxonomy, particularly among neurodiverse
communities (e.g., Learning Disabilities, IDD, ADHD,
Cognitive Impairments, Autism), which have been un-
derrepresented despite their diverse cognitive abilities.
Current visualization guidelines, primarily based on
empirical studies focused on perception and cognition
in neurotypical users, might not adequately cater to
the information processing needs of neurodiverse in-
dividuals. Acknowledging and taking an ability-based
approach to address the distinct cognitive abilities
within different communities is essential.

Moreover, data representation research should in-
clude a more diverse range of participants, including
those with disabilities, to uncover previously unex-
plored cognitive abilities. This diversity is critical
to making data representations more inclusive and
ensures that our design guidelines (e.g., [85], [86]),
transcend assumptions rooted in non-disabled, neu-
rotypical user experiences. Such an inclusive approach
leads to more equitable and universally accessible data
practices.

2) Identifying Accessibility-Related Data: Here, we
emphasize integrating accessibility-related data into
existing representations to serve people with disabili-
ties better. Our review identified several adaptations to
typical data representations to accommodate the needs
of people with disabilities. For example, adding details
about accessible features (e.g., ramps, in-service eleva-
tors) in maps could significantly aid those with motor
disabilities in navigating the physical world [48], [58].
Similarly, tailoring data visualizations to track and
manage complex behavioral data of autistic children
has been effective for caregivers [7].

This step aims to evolve standard data representa-
tions into more inclusive tools, displaying data that
matters most to disability communities. This approach
aligns with our taxonomy’s findings, where there is a
need for more tailored data representations in domains
like health and education for various disability com-
munities. By focusing on relevant data for these com-
munities, we ensure that data representations are not
just accessible but also meaningful, supporting users
with disabilities in understanding their environment
and needs — aligning with the fundamental purpose
of data visualizations [68]].
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3) Encoding Accessible Data Representations: This
stage highlights the need for encoding data in multiple
modalities — visual, auditory, and tactile — to address
the lack of diversity in current visualization types. Our
taxonomy demonstrates that accessible data represen-
tations rely on maps, general graphics, line charts,
and bar charts. Researchers should adopt multimodal
approaches to overcome this to develop novel, accessi-
ble representations for underutilized visualizations like
treemaps, bubble charts, glyphs, and other advanced
visualizations. Creating accessible representations of
these visualizations can enable more inclusive and
richer data experiences.

Furthermore, designing accessible data represen-
tations involves considering diverse input methods
for data interaction. As highlighted in our review,
research in this domain is currently limited, with a
few examples like gaze-based interactions for motor
disabilities [33]] and voice interfaces for older adults
[62]. Our analysis found no examples of interactive
visualizations as accessible data representations. While
research focuses on making visual data accessible
by converting it to different modalities, there is also
significant potential to improve accessibility by of-
fering new ways for users to interact with visual
data. Emphasizing the need for a broader spectrum
of input modalities, we can enhance data interaction
accessibility for individuals with different cognitive
and physical abilities and transform static visualiza-
tions into dynamic, interactive experiences through
accessible designs.

4) Building and Evaluating Accessible Data Rep-
resentations: The final phase focuses on user test-
ing, especially involving individuals from disability
communities. The goal is to ensure that data repre-
sentations are practical and accessible in real-world
settings. Our taxonomy reveals a lack of traditional
accessibility research methods like design workshops,
focus groups, usability testing, and field studies. Ad-
dressing this, we advocate for incorporating these user-
centered approaches, which are vital for verifying that
data representations effectively meet the diverse needs
of users with disabilities.

Incorporating these methods into our framework not
only addresses specific challenges in accessible data
representation but also enriches empirical contribu-
tions in this field, which our taxonomy indicates is
currently lacking despite the broader patterns in acces-
sibility research [11]. By engaging directly with users
with disabilities in these research methods, we can
gain valuable insights and feedback, leading to more
inclusive and effective data representation designs.

D. Bridging the Gap: Insights from BLV-Focused Ac-
cessible Data Research

Accessible data representation research encom-
passes the distinct needs of diverse disability groups,
including older adults and those with motor, physical,

visual, cognitive, and auditory disabilities. However,
the research has disproportionately focused on the
BLV community. Although we did not profoundly
analyze papers dedicated exclusively to the BLV com-
munity, due to existing surveys [5], we will discuss
the promising opportunities it presents.

A key lesson gleaned from BLV research is the
essential role of multimodal interactions in data repre-
sentation [[24f], [[87]-[94]]. The range of these methods
is vast, extending from auditory encoding techniques,
such as textual descriptions conveyed through speech
[91]l, [95]-[97], to sonification, the use of non-speech
sounds [42], [91]], [98]-[101]]. Other methods involve
advanced haptic feedback systems [87], [88], [102],
and physicalization for tactile representations [69],
[89]I, [103]-[107].

This diverse set of representations does more than
offer alternatives for data interaction—they enrich the
overall user experience by making it more engaging.
A multimodal approach can benefit various disabilities,
mainly auditory and motor/physical, where these alter-
native modalities can effectively supplement or even
substitute traditional visual representations.

Another pivotal insight from BLV research is the im-
portance of rigorous experimentation when evaluating
the accuracy and usability of alternative data repre-
sentations. Researchers in this field conduct thorough
empirical studies, often employing quantitative and
qualitative methods to validate their proposed solutions
[70], [108]], [109]]. This process typically involves tasks
designed to evaluate how effectively participants can
understand and use the data representations, often
examining their accuracy, speed, and satisfaction in
performing these tasks [70], [[108], [[109].

These rigorous testing approaches provide valuable
insights into the strengths and limitations of differ-
ent design solutions, guiding subsequent refinements.
The adoption of such robust methodologies can prove
advantageous across various disability categories. In-
dependent of the disability type, robust empirical val-
idation can ensure the development of tools that not
only meet accessibility requirements but also provide
a positive and efficient user experience [94], [110]-
[112]. By recognizing the value of these meticulous
experimental methodologies, researchers in accessible
data representation can contribute to creating more ef-
fective and usable solutions for all types of disabilities.

BLV research emphasizes the importance of user-
centered design in evaluating accessible data repre-
sentations. This involves incorporating users from the
target community in the design process, from concep-
tion to evaluation [21]], [[113[]. This approach offers
invaluable insights into the unique needs, preferences,
and experiences of different disability groups, leading
to more relevant and practical design solutions. For
example, leveraging user-centered design in cognitive
disabilities research could lead to a better under-
standing and accommodation of this group’s varied
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information-processing abilities.

Research on data representations for the BLV com-
munity spans various data domains, offering valuable
insights for other disability groups. Given the preva-
lence of navigation and wayfinding in our findings, it is
worth considering that these challenges are not exclu-
sive to just one disability community. Solutions such
as tactile/haptic maps [|114]-[116]], auditory navigation
aids [44], [114], [[117], or safety navigation tools [118]],
initially developed to increase access to the physical
world for BLV individuals, could guide the design of
accessible data representations for people with motor
or physical disabilities, as well as older adults. The
extensive research on access-related features in spatial
data representations for the BLV community can serve
as a foundation for adapting these solutions to meet
the unique navigational needs of individuals with other
types of disabilities.

Similarly, within education, numerous accessible
data representations tailored to the BLV community,
such as accessible diagrams [97]], [[L119]], [120], gener-
ating textual descriptions [121]], or auditory graphs for
STEM courses [[122], have been developed to facilitate
learning [69], [104]. In one instance from our 34-
paper corpus, we found where data representations
were explored to support math skills in students with
learning disabilities [[65]]. However, these existing so-
lutions could also serve as inspiration for accessible
data representations for learners with cognitive im-
pairments and learning disabilities, emphasizing the
need to explore alternative representations like textual
descriptions and accessible diagrams to cater to their
specific needs.

Expanding upon the role accessible data repre-
sentation serves in various domains, the BLV com-
munity has seen the development of accessible data
representations that support health information [[123]]
and navigation through health facilities [124]]. These
advances in health-related data representation for the
BLV community can serve as a foundational model
for developing similar tools tailored for individuals
with non-vision impairments. For instance, identical
to how Sharif et al. [48] used real-time accessibility
data to help people navigate through transit stations,
data representations that include specific accessibility
features could assist individuals with motor impair-
ments in finding accessible routes through complex
healthcare facilities. By extending these innovations
to other disability communities, we can enhance health
literacy and empower individuals to manage their well-
being.

Although the focus of accessible data representa-
tions is primarily on the BLV community, the insights
from this research can serve as a vital source of
inspiration and knowledge. These insights can guide
the design and development of effective and accessi-
ble data representations for various disability groups,
irrespective of the specific disability in focus.

VII. LIMITATIONS

Our study provides an extensive analysis but is lim-
ited in certain aspects. First, we focused our literature
search on IEEE Xplore, ACM Digital Library, and se-
lect academic venues. This decision, while leveraging
reputable sources, potentially overlooks contributions
from interdisciplinary fields such as special education,
mechanical engineering, and cognitive psychology.
This limitation may affect the depth and diversity of
perspectives in our review.

Additionally, our research specifically targeted pa-
pers that utilize data visualization principles, aiming
to highlight the emerging trend in accessible data
representations. This focus was particularly chosen
to address the lack of attention towards non-vision
impairments in Human-Computer Interaction (HCI).
While this approach helped us uncover unique chal-
lenges and opportunities in this area, it also means that
other data-driven interventions for various disabilities,
which might not primarily focus on displaying a data
repreentation, were not included in our study.

VIII. CONCLUSION

This systematic review has comprehensively exam-
ined the current landscape of accessible data represen-
tation research, focusing on understanding data acces-
sibility across all disabilities. Our initial investigation
indicated a strong focus on research aimed at the
BLV community. However, our subsequent analysis
has shown that accessible data representations can
benefit a broader spectrum of disabilities and should
be developed with this diversity in mind.

Our study emphasized the importance of adopting
a more inclusive approach to accessible data repre-
sentations, which entails developing and implementing
diverse representations that cater to the unique needs
of various user groups. By doing so, we can ensure that
individuals with different abilities and requirements
can effectively engage with and derive meaningful
insights from data. Furthermore, our findings serve as
a clarion call for researchers and practitioners alike to
actively pursue the development of novel methodolo-
gies and representations that foster greater accessibil-
ity, inclusivity, and adaptability in data representations.

As we move forward, it is imperative to continue
refining and expanding our understanding of acces-
sible data representations across all disabilities while
promoting the development of innovative solutions that
address the diverse needs of this rapidly evolving field.
By embracing this holistic approach, we will be better
positioned to make significant strides in bridging the
accessibility gap and empowering individuals with dis-
abilities to participate fully in the digital age. We hope
this systematic review will inspire further research and
collaboration, ultimately paving the way for a more
inclusive and accessible future for all.
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