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ABSTRACT

Information visualization holds significant potential to support sus-
tainability goals such as environmental stewardship, and climate
resilience by transforming complex data into accessible visual for-
mats that enhance public understanding of complex climate change
data and drive actionable insights. While the field has predomi-
nantly focused on analytical orientation of visualization, challeng-
ing traditional visualization techniques and goals, through “criti-
cal visualization” research expands existing assumptions and con-
ventions in the field. In this paper, I explore how reimagin-
ing overlooked aspects of data visualization—such as engagement,
emotional resonance, communication, and community empower-
ment—can contribute to achieving sustainability objectives. I argue
that by focusing on inclusive data visualization that promotes clar-
ity, understandability, and public participation, we can make com-
plex data more relatable and actionable, fostering broader connec-
tions and mobilizing collective action on critical issues like climate
change. Moreover, I discuss the role of emotional receptivity in
environmental data communication, stressing the need for visual-
izations that respect diverse cultural perspectives and emotional re-
sponses to achieve impactful outcomes. Drawing on insights from a
decade of research in public participation and community engage-
ment, I aim to highlight how data visualization can democratize
data access and increase public involvement in order to contribute
to a more sustainable and resilient future.

Index Terms: Climate Change, Visualization, Critical Theories,
Engagement, Public Participation , Collective Action

1 INTRODUCTION

Visualization has demonstrated immense potential in effectively
communicating climate change data to experts, scientists, and pol-
icymakers. Given the complexity and interconnected nature of cli-
mate change issues, engaging the broader community to collaborate
with policymakers and government officials is crucial. However,
public engagement with climate change remains low. The pressing
question now is: how can we reimagine visualization to effectively
communicate this intricate and complex societal challenge to the
public?

To envision the future of information visualization for addressing
sustainability challenges, we must first look into the past, its his-
tory and origins. Understanding the goals and objectives that have
shaped the field over time provides valuable insights into its evo-
lution and the foundational principles that guide its development.
This historical perspective helps to identify areas where there have
been limitations or opportunities for growth. By reflecting on these
insights, we can reimagine the future of information visualization,
considering what needs to be changed or expanded upon to meet
new challenges and opportunities in our increasingly data-driven
world, especially in the face of sustainability challenges.

Information visualization is inherently interdisciplinary, draw-
ing principles from fields such as statistics, visual communication,
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graphic design, and cognitive science. This interdisciplinary nature
has led to a diverse array of definitions and perspectives. In the fol-
lowing sections, I present notable definitions arranged chronologi-
cally to illustrate the evolution of the field, as well as the variety of
perspectives and approaches in visualization.

Edward Tufte, in The Visual Display of Quantitative
Information [30] defines information visualization as a means
to visually represent data with the goal of revealing complex in-
formation clearly and efficiently. He emphasizes achieving graph-
ical excellence in information visualization. According to Tufte,
graphical excellence involves “the well-designed presentation of
interesting data—a matter of substance, statistics, and design”
[30]. Card et al define visualization as “the use of computer-
supported, interactive visual representations of data to amplify cog-
nition” [6]. Stephen Few, in Information Dashboard Design
[12], defines data visualization as the use of visual representa-
tions to explore, comprehend, and communicate data. Accord-
ing to Few, data visualization serves three fundamental goals
suited to their respective tasks: exploration for discovery, sense-
making for understanding, and communication for informing de-
cisions. He emphasizes the effectiveness of visual representa-
tion in conveying information and highlights vision as the dom-
inant human sense for processing data. David McCandless, in
Information is Beautiful [25], views visualization as an art
form that transforms data into compelling narratives. Tamara Mun-
zner, in Visualization Analysis and Design [26], defines
visualization as “computer-based visualization systems provide vi-
sual representations of datasets designed to help people carry out
tasks more effectively.” She emphasizes that visualization is partic-
ularly valuable when it complements human capabilities rather than
aiming to replace them with automated decision-making processes.
Andy Kirk, in Data Visualization: A Handbook for Data
Driven Design defines data visualization as “the representation
and presentation of data to facilitate understanding.” He explains
three stages of understanding: perceiving, interpreting, and com-
prehending. Colin Ware, in Information Visualization:
Perception for Design [33], discusses how visual representa-
tions leverage human perceptual abilities to recognize patterns and
trends. He states that “one of the greatest benefits of data visu-
alization is the sheer quantity of information that can be rapidly
interpreted if it is presented well.”

These diverse definitions reinforce the multifaceted nature of in-
formation visualization, encompassing principles from design, cog-
nition, perception, and HCI, and highlighting its role in making data
accessible and interpretable. While these definitions cover a broad
range of goals for information visualization, including discovering
new insights, understanding and making sense of data, and commu-
nicating data and knowledge through graphical means, the majority
of work in the field has focused predominantly on investigating and
harnessing analytical aspects of visualization [2]. Consequently,
less attention has been paid to other societal aspects that consider
the lifecycle of a visualization, including its creation, usage by peo-
ple, and the context in which it is applied.

Drawing on insights gained from over a decade of research in
designing and developing visualization for public participation and
community engagement using theories of public participation and
citizen sourcing [19, 20, 23, 17, 16, 15, 5, 3, 2, 1, 4, 35, 21, 29],
I discuss the dimensions in data visualization that can lead to de-



mocratizing access to information and fostering increased public
engagement. I begin by reviewing recent critical perspectives on vi-
sualization that challenge conventional assumptions and delve into
broader aspects of the field. Subsequently, I highlight dimensions
that require further development or greater emphasis to effectively
engage communities with complex data, such as climate change and
sustainability information.

By exploring the intersection of data visualization with public
participation and participatory frameworks, this work aims to high-
light how visual representations of complex information can en-
gage communities, empower them to influence policies, and am-
plify their voices in decision-making processes. This work calls for
the development of new theories and approaches in designing visu-
alizations that prioritize Community engagement, and conducting
experiments to interrogate previous assumptions. Deriving insights
from a body of interdisciplinary research, public participation, citi-
zen sourcing, learning and communication theories, the design and
development of these visualizations should be methodically imple-
mented and evaluated with target audiences in mind. Future ap-
proaches should prioritize clear communication with emotional res-
onance, stimulate attention, and bridge gaps in understanding to
promote inclusivity and facilitate informed dialogues on critical is-
sues such as sustainability and climate change. By emphasizing
these aspects, visualizations can not only present data effectively
but also resonate emotionally with audiences, driving engagement
and prompting actionable outcomes.

2 EMERGING THEORIES AND CRITICAL DEVELOPMENTS IN
VISUALIZATION

More recently, researchers have begun to explore alternative per-
spectives on visualization, examining the intentions behind design-
ing visualization and its broader implications. These studies offer
new perspectives to understanding visualization processes and prac-
tices, including ethical dimensions [7], feminist perspectives [8],
critical theory [9], and rhetorical approaches [13].

In a recent book on data visualization in society [10],
Alberto Cairo writes a foreword called “the dawn of a philosophy
of visualization” in which he argues that just as artifacts such as
the clock, the compass, or the map has transformed science, so-
ciety, and culture, data visualization transforms how we perceive
and interact with reality. Cairo invites visualization researchers to
critically examine data visualization, exploring its origins and in-
tentions, and to work towards developing a philosophy of data vi-
sualization. Data Visualization in Society is a notable example of
such effort, offering a deeper inquiry into the role of visualization
in society and politics and its potential to bridge or deepen societal
divides. This book has inspired much research, including our work
on the political aspects of text visualization in the context of civics
[2]. However, if we examine the citations of this book, we find that
it has been mostly applied in other disciplines such as journalism,
communication, education, and politics. There is a need for more
of such critical work to be incorporated into the core body of visu-
alization research.

In Data Feminism, D’Ignazio and Klein, presents a compelling
framework that combines data science and intersectional feminist
theory to address issues of power and justice [8]. The book is struc-
tured around seven key principles: examining power, challenging
power, elevating emotion and embodiment, rethinking binaries and
hierarchies, embracing pluralism, considering context, and making
labor visible. These principles guide readers in understanding how
power dynamics influence data collection, analysis, and interpreta-
tion, and how these processes can be redesigned to promote equity
and justice. They advocate for a critical approach to data that rec-
ognizes these existing social hierarchies and biases and works to
dismantle them. For example, they highlight how the male/female
binary in data classification can be expanded to challenge other hi-

erarchical systems. This book has swiftly influenced various disci-
plines, including visualization. For instance, we have utilized con-
cepts from this book to lay the foundation for the integration of
para data into visualization [4], advocate for including novices into
the field, and critically examining how power dynamics shape the
definition of valuable and valid knowledge or skills [3], and empha-
sizing that data is neither neutral nor objective which is extremely
important in political contexts such as civic decision-making [2].

While these works have paved the way for new and critical per-
spectives in data visualization, we need more research that critically
investigates which aspects, goals, and methods are most effective in
engaging a global audience with climate change data. There are a
wide range of open questions to consider: What adjustments are
required in our visualization design, methods, processes, and eval-
uation when engagement becomes the primary goal of data visual-
ization? How can we engage, inform, and inspire such a diverse
audience not only to understand the urgency of climate data but
also to take meaningful action? How can embedding emotion and
embodiment enhance the communication of complex data to the
general public? How can we make data more relatable, personal,
and impactful? How do we empower audiences with varying lev-
els of data, language, and visual literacy to understand the data and
enhance their analytical reasoning? Should we explore new media?
Should we incorporate multimodal interactions? Should we inte-
grate art, engage with the various senses such as smell and sound
in new ways? What is the role of sonification, music and theatrical
performances in this context?

Viegas and Wattenberg [32] emphasized that “an ideal visualiza-
tion should not only communicate clearly but also stimulate viewer
engagement and attention”, which is particularly relevant in this
context. However, recent research by Mark reveals a significant de-
cline in average attention spans on screens, dropping from around
two and a half minutes in 2004 to approximately 75 seconds [24].
According to Mark, currently, people can only maintain focus on
one screen for an average of 47 seconds. Therefore, the pressing
question remains: in an era of shrinking attention spans, how do we
capture and sustain engagement?

Furthermore, how can we empower stakeholders across diverse
sectors to grasp climate data and effectively address climate-related
challenges? How can visualization not only drive progress in cli-
mate mitigation but also lay the foundation for a more resilient and
sustainable world?

3 FOSTERING COMMUNITY ENGAGEMENT: DIMENSIONS
AND THEORETICAL DEVELOPMENT

Designing technology solutions for sociotechnical problems
presents significant challenges due to the interconnected nature of
these issues and the complexity arising from diverse stakeholder
needs, values, objectives, knowledge levels, and technical skills
[21]. In the literature of Computer-Supported Cooperative Work
(CSCW), it is well-known that transitioning from supporting a sin-
gle user to multiple users adds layers of complexity [14, 18]. While
visualization design has a strong foundation in supporting groups in
CSCW research, an important distinction lies in designing for het-
erogeneous groups with diverse goals and objectives, rather than
homogeneous groups of collaborators with shared interests and
similar skills.

When designing for communities, particularly in the context of
sociotechnical problems, the challenge lies in accommodating vary-
ing levels of knowledge, technical backgrounds, visual and data
literacy, objectives, values, available time, attention, and more.
Complicating this space further are inherent conflicts, such as the
NIMBY (Not In My Backyard) problem in urban planning or mis-
information and disbelief in climate change. Addressing these chal-
lenges necessitates nuanced approaches that promote inclusivity,
mitigate conflicts, and enhance community engagement through ef-



fective communication and visual strategies.
Therefore, there is a crucial need for engaging, accessible, and

relatable data visualization for people with various capabilities. De-
spite advancements in the field of visualization, current solutions
often fall short, lacking inclusivity and accessibility for novices [3].
In the following sections, I discuss and propose new dimensions
that require further development, expanding upon the open ques-
tions that I raised in Section 2.

3.1 Transitioning from Analytics-Heavy to Engagement-
Savvy

The prevailing emphasis on the analytical aspect of data visualiza-
tion often overshadows other crucial dimensions such as commu-
nication, engagement, emotional resonance, and community em-
powerment [2]. While the analytical aspect is vital, it is equally
important to foster connections with people, to draw their atten-
tion and to make data relatable and actionable for them. By fo-
cusing solely on analysis, we risk alienating the very people who
could benefit most from the insights data provides. Additionally,
it is imperative to consider how factors such as educational back-
ground, political affiliation, and personal experience shape atti-
tudes and trust in data visualization, particularly among underrep-
resented populations[27]. Incorporating emotional engagement and
community-building elements can transform data visualization into
a powerful tool for education, advocacy, and collective action, espe-
cially on pressing issues such as climate change and public health.
It is time to broaden our approach to data visualization, recognizing
that its power lies not just in what it reveals, but in how it connects
and mobilizes people.

Many open questions remain including: How can we measure
the impact of engagement in data visualizations on public under-
standing and behavior change given the subjectivity of it ? What
are the best practices for designing visualizations that cater to di-
verse audiences with varying levels of data, visual and language
literacy? How can community feedback be effectively integrated
into the design process of visualizations to enhance relevance and
engagement? and What role do emotions and personal relevance
play in the effectiveness of data visualizations, and how can these
elements be integrated into design practices?

While we introduced an interdisciplinary approach by borrowing
Bloom’s Taxonomy from the field of education to more meaning-
fully measure engagement [22], future studies are needed to de-
velop frameworks for identifying factors that lead to disengage-
ment, as well as methods and processes for evaluating and refining
engagement practices in data visualization.

3.2 Democratizing Data & Broadening Participation
Effective visualization strategies should aim to democratize access
to information by making complex data accessible and understand-
able to a broad audience [3]. This involves not only designing
comprehensible and navigable visualization and visual interfaces
but also incorporating techniques such as storytelling and narrative
techniques to convey data-driven insights effectively. By empower-
ing communities with the tools and knowledge to interpret and act
upon data, visualization can foster informed decision-making and
active participation in addressing societal challenges [2].

Advancing the field of data visualization requires a commitment
to inclusivity and accessibility. It is notable that broadening partic-
ipation includes not only novices and the general public, but also
domain experts and decision makers. Our research shows that even
these professionals can feel like visualization novices due to a lack
of visual analytics expertise [23, 16]. They often request simple
visualization techniques and interactive modes that allow them to
operate the system independently, without needing to delegate data
analysis to analysts and data scientists. Visualization needs to ad-
dress the diverse needs and capabilities of various stakeholders by

embracing new theoretical frameworks and methodologies. By do-
ing so, we can create visualizations that engage and empower stake-
holders, enhance public understanding, and drive positive social
change.

Future work should explore questions such as: What are the most
effective strategies for designing visualizations that are both com-
prehensible and engaging to diverse audiences? In ”Of Course It’s
Political” [2], we proposed five new dimensions to help designers
and researchers consider their design choices more diligently. How-
ever, the paper was just the beginning, sparking a new philosophy.
Further research is needed to design and evaluate these techniques
for more concrete answers. Other questions include: How can sto-
rytelling and narrative techniques be optimized to convey complex
data in a way that resonates with different demographic groups?
What are the barriers to data literacy among different communi-
ties, and how can visualization design help overcome these barri-
ers? and How can participatory design processes be implemented
to ensure that visualizations meet the needs of all stakeholders, es-
pecially marginalized groups?

3.3 Promoting Emotional Resonance & Inclusive Dia-
logue

Effective communication of environmental data requires consider-
ation of the audience’s emotional responses. Visualizations that
evoke emotion or a sense of urgency can be more impactful than
those that present data neutrally. For instance, interactive tools that
allow users to visually see the future impacts of climate change on
their own neighborhoods can elicit stronger emotional responses
and drive action [35]. Some effective ways to communicate cli-
mate change data to the public include leveraging public art and
augmented reality. Public art, with its engaging impact and univer-
sal accessibility, helps with raising awareness and fostering public
dialogue.

For instance, RisingEMOTIONS is a data physicalization and
public art project that we installed in East Boston in 2020 [1]. Our
goal was to engage communities affected by sea-level rise in plan-
ning adaptation strategies and increase their involvement in these
crucial processes.

This installation visually represents local projected flood levels
and public emotions towards the threat of sea-level rise. Placing
it in front of the East Boston Public Library, a prominent commu-
nity hub, ensured high visibility and accessibility to all commu-
nity members. The project included an opening ceremony and re-
mained on display for two weeks. The strategic location played a
vital role in engaging community members, as it was installed in
an open space. Additionally, the installation was designed to be
approachable, allowing viewers to engage effortlessly regardless of
prior knowledge about public art. The community’s engagement
with our project demonstrated the potential for public art to create
interest and raise awareness of climate change.

Augmented reality (AR) enhances public understanding and en-
gagement with climate change impacts by overlaying digital infor-
mation onto the real-world. Leveraging AR technology, we con-
ducted the first of its kind Communal eXtended Reality (CXR)
study aimed at providing immersive experiences to help people vi-
sualize the potential impacts of floods and encourage proactive ac-
tion [35]. We engaged 74 community members by inviting them to
ride a local shuttle bus, utilizing public transportation as a commu-
nal gathering space. Equipped with VR Head-Mounted Displays
(HMDs), participants explored their neighborhood’s past and fu-
ture, physically traversing the island to comprehend the effects of
climate change over time. Our study revealed several significant ad-
vantages of CXR. Firstly, its immersive and embodied nature made
climate change more tangible and immediate to participants. Sec-
ondly, its situational elements brought the reality of climate impacts
closer to their daily surroundings. Thirdly, the communal setting of



the experience emphasized community resilience and responses. A
striking observation from this work was how the community aspect
transformed negative emotions, such as hopelessness, into action-
able plans. This work led to the development of a resiliency plan
for the neighborhood. This is particularly important because re-
search has shown that the shocking and negative emotions elicited
by confronting the harsh realities of climate change often discour-
age community members from further engagement with the subject.

Questions to further explore include: How can visualizations ef-
fectively balance accuracy in depicting climate change data with
the emotional engagement needed to prompt action without over-
whelming or disengaging audiences? What are the most effec-
tive design strategies for creating public art installations that fos-
ter inclusive dialogue and community engagement around climate
change impacts? How can augmented reality (AR) applications be
optimized to enhance public understanding of climate change im-
pacts while ensuring accessibility and usability across diverse audi-
ences? and What are the long-term effects of engaging communi-
ties through emotionally resonant visualizations, such as public art
and AR, on their attitudes and behaviors towards climate change?

3.4 Drawing from Other Fields to Build New Theories
Drawing on the fields of citizen sourcing, crowdsourcing, partic-
ipatory design, and asset-based design provides valuable insights
into enhancing data visualization for societal challenges. Citizen
sourcing emphasizes engaging communities in data collection and
decision-making processes, ensuring local knowledge and priori-
ties are integrated into sustainability initiatives. Crowdsourcing ex-
tends this concept by leveraging collective intelligence to address
complex problems through collaborative data analysis and visual-
ization. Participatory design emphasizes the active involvement of
stakeholders in the design process, ensuring that visualizations are
relevant, accessible, and actionable for diverse audiences.

Platforms that allow community members to contribute data and
visualize their findings foster greater public engagement and own-
ership of sustainability initiatives [20, 17]. For instance, Commu-
nityCrit’s micro-activity workflow proved to be successful in pro-
viding a complementary avenue and a new opportunity for commu-
nity members and those who are not usually engaged (e.g., family
with kids, working professionals) to provide meaningful feedback
on urban design in a short amount of time [20]. When deployed in
San Diego, CommunityCrit surpassed the current community en-
gagement approach by gathering 352 comments within four weeks
of deployment. Another example is visualizing crowd-sourced data
on local wildlife sightings to track biodiversity and inform conser-
vation efforts. These grassroots visualizations not only democra-
tize data, but also enhance the credibility and reach of sustainabil-
ity campaigns [11]. Another example is Chemicals in the Creek, a
community-based situated data physicalization to enhance commu-
nity engagement with open government data [28].

Asset-based design approaches represent a crucial method for
communicating complex climate change data to the public [34, 31].
This approach shifts focus to community strengths and resources,
utilizing local assets to promote sustainable development and re-
silience planning. Integrating principles, theories, and frameworks
from the aforementioned fields into data visualization practices can
result in more inclusive, effective, and empowering visualizations.
Such approaches not only enhance communication and understand-
ing but also foster a sense of ownership and collective responsibility
toward sustainability challenges.

4 CONCLUSION

In conclusion, reimagining the field of information visualization to
address sustainability goals requires a multifaceted approach that
prioritizes community engagement. By integrating emotional reso-
nance, inclusivity, and participatory frameworks, we can create vi-

sualizations that not only present data but also connect with broad
audiences on a deeper level. This connection fosters informed di-
alogue, empowers communities to influence policies, and drives
collective action. Additionally, understanding the epistemology of
data visualization is crucial. This involves recognizing how infor-
mation is constructed, processed, selected, validated, and commu-
nicated through visual means, which shapes our perception and in-
teraction with data. By reflecting on the historical and philosophi-
cal dimensions of visualization, we can better address its limitations
and opportunities for further expansions. Emphasizing the design
and development of visualizations with target audiences in mind,
and drawing insights from interdisciplinary research, will ensure
that visualization is effective in bridging gaps, promoting under-
standing, and facilitating meaningful engagement. Ultimately, this
modern, integrated perspective on data visualization can serve as
a powerful catalyst for social empowerment and positive change,
paving the way for a more sustainable and resilient future.
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