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Abstract

Despite the recognized benefits of visual analytics systems in supporting data-driven decision-making, their deployment in real-
world civic contexts often faces significant barriers. Beyond technical challenges such as resource constraints and development
complexity, sociotechnical factors—including organizational hierarchies, misalignment between designers and stakeholders,
and concerns around technology adoption hinder their sustained use. In this work, we reflect on our collective experiences of
designing, developing, and deploying visual analytics systems in the civic domain and discuss challenges across design and
adoption aspects. We emphasize the need for deeper integration strategies, equitable stakeholder engagement, and sustainable
implementation frameworks to bridge the gap between research and practice.

CCS Concepts

¢ Human-centered computing — Visual analytics; Empirical studies in visualization;

1. Introduction

Visual analytics systems are typically designed to facilitate the ex-
ploration of complex data, enabling data-driven analysis and sup-
porting critical decision-making [Mun14]. Despite their widely rec-
ognized benefits [Cuil9], the application and feasibility of visual-
ization systems often remain limited to controlled studies within
the research domain [BXF*20]. The transition of such systems
from a controlled research environment to real-world deploy-
ment and sustained use faces major hurdles. While some chal-
lenges can be attributed to logistical issues, such as the resources
and expertise needed to design, develop, host, and maintain soft-
ware [AAD*21, WDC*23], in complex sociotechnical domains,
many external challenges surface that inhibit the deployment, ap-
plication, scalability, and sustained use of visual analytics systems.

Digital civics is an interdisciplinary area exploring novel ways
to utilize technology to promote democratic participation in the
design and delivery of civic services [VCLD*16]. The goal is
to enable wider participation by utilizing technology to sup-
port participatory democracy and greater transparency [CLD18b,
HDO1, OW15]. While there has been a surge of interest from re-
searchers and practitioners of HCI, digital civics, and visualiza-
tion towards advancing technology to address issues of civic en-
gagement and participatory democracy [FBRG10, KMF* 12, pol19,
CLD18b, ALDNDI17], the civic domain is inherently complex due
to the involvement of multiple stakeholders with conflicting per-
spectives [VCLD* 16,CLD18b], organizational constraints that im-
pose difficult trade-offs [MNC*19, JSM], and large-scale pub-
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lic opinions often collected as unstructured data in diverse for-
mats [MIN*18, JKW*21, JSM, ALDNDI17]. In recent years, gov-
ernment agencies have increasingly turned to community-driven
approaches to mitigate these issues. One approach has been to in-
corporate diverse stakeholder engagement and leverage technol-
ogy for gathering and analyzing their input. Such engagements
have shown the potential to foster more accurate and equitable
decision-making while enhancing trust and legitimacy in gover-
nance [MIN*18, MBX* 16, JHSM21]. However, even community-
driven approaches are often top-down, where the public is predomi-
nantly involved as data providers and rarely included in the analysis
and decision-making processes.

To mitigate such challenges, prior works in visualization and
broader Human-Computer Interaction (HCI) have advocated for
participatory and iterative user-driven design and development ap-
proaches, where end-users (often, the public) could be involved
at all stages of creating visual analytics systems, from early de-
sign to implementation [HP12, Kau10]. Others have explored var-
ious developmental models for visualization applications that en-
able the flexibility and iterative nature of the visualization design
process [Mun09, LD11, IZCCO8]. Such approaches have resulted
in tools that enabled opinion sharing, consensus building, and data-
driven decision-making in the civic domain [KMF*12,ZMNB15,
VWVMM14]. For example, Considerlt enables the creation of pro-
con lists to augment personal deliberation and help establish com-
mon grounds [KMF*12]. Procid enables consensus-building for
distributed design decisions [ZMNB15] by allowing diverse users
to post new ideas and criteria, along with options to explore pre-
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Figure 1: Three example visual analytics systems we designed, developed, and deployed in the civic domain with collaboration across diverse
stakeholders: (A) CommunityClick [JKW*21], (B) CommunityPulse [JHSM21], and (C) CommunityClick-Virtual [JSM].

vious interactions. MyPosition allows users to vote on public poli-
cies and visualizes the results on public displays [VWVMM14].
Despite the initial success, except for a few, many such systems
did not achieve wide-scale adoption due to challenges that go be-
yond the design and development of visual analytics systems or the
inclusion of stakeholders in participatory design. These challenges
stem from divergent and often conflicting needs from a large variety
of stakeholders [MNC™19], organizational complexities and hierar-
chies [CLD18a], and data privacy concerns [Tom23, MNC*19].

We draw from over a decade of individual and collaborative ex-
periences on designing, developing, and deploying building visual
analytics systems with close collaboration with diverse stakehold-
ers to discuss persistent challenges across both design and adoption
aspects in the long-term adoption of visual analytics systems in the
civic domain. We unravel challenges around building partnerships,
mismatches among stakeholders’ needs and expectations, and inte-
grating explainable Al into visual analytics. We also emphasize the
need to promote visual literacy across stakeholders, develop well-
planned integration strategies, and implement equitable stakeholder
engagement to address data privacy and ethical concerns to bridge
the gap between research and practice. By addressing these chal-
lenge, future work can contribute to more impactful and enduring
applications of visual analytics in civic decision-making.

2. Prior experiences

In the last 10 years, we have designed, developed, and deployed
several visual analytics systems in the civic domain. We draw on
the experiences of working with diverse stakeholders, extensive
design and development processes across many years of evolving
programmers, resource allocation, and maneuvering administrative
changes, and deployment of such systems in real-world scenarios.

2.1. Design and Development

In collaboration with the town counselors and local government in
the town of Amherst, Massachusetts, USA, we built and deployed
multiple public engagement and visual analytics systems, including
CommunityClick [JKW*21] and CommunityClick-Virtual [JSM].
CommunityClick was designed to enhance physical town hall
meetings by providing an augmented visualization-based feedback
system, allowing attendees to express their opinions anonymously
via iClickers. These inputs are integrated into a visual analytics
dashboard, enabling organizers to generate data-driven summaries

and reports that better reflect public sentiments. CommunityClick-
Virtual extends these capabilities to online public meetings, inte-
grating multi-modal feedback mechanisms such as structured re-
actions and open-ended text responses. The system provides orga-
nizers with synchronized visual analytics that aggregate real-time
audience feedback, transcripts, and discussion trends.

For public input elicitation through microtask activities, Mahyar
et al. developed CommunityCrit [MJN*18] in collaboration with
civic leaders from San Diego, California, USA. The collected pub-
lic input was then used in a visual analytics system, Communi-
tyPulse [JHSM21], to surface public reaction, reflections on their
own and others’ ideas, and priorities by using visualization as a
scaffolding for multi-level exploration and analysis of multifaceted
community input. Furthermore, we designed and developed the
UD Co-Spaces (Urban Design Collaborative Spaces) [MBX*16],
which is a tabletop-centered multi-display environment to engage
the public actively in collaborative urban design.

2.2. Deployment

During the deployment of these systems, we closely collaborated
with stakeholders, including the public, analysts, civic leaders,
policymakers, and government officials. We deployed Communi-
tyClick four times during public meetings in 2018 and 2019 in
Amberst town halls and public meetings. Shortly after these de-
ployments, the COVID-19 pandemic severely disrupted civic pro-
cesses across the United States, and all public engagement moved
online. In response to this shift, we developed CommunityClick-
Virtual, which was adopted by the Town of Amherst to facilitate
hybrid town halls and public meetings in Ambherst, Massachusetts,
in 2021. CommunityClick-Virtual was also deployed several times
to facilitate internal counselor meetings.

In 2017, we partnered with a large planning group and commu-
nity organizers in the city of San Diego, California, USA. With
their close collaboration, we deployed CommunityCrit to gather
people’s input on a major redesigning of a busy cross-section in
downtown San Diego for four weeks. The collected data was used
for CommunityPulse’s deployment in 2019.

3. Discussion

The complex and intertwined nature of sociotechnical problems
renders the design, development, deployment, and adoption of tech-
nologies built to address such issues inherently challenging. We
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discuss these challenges across two dimensions: (1) Design chal-
lenges, where we shed light on challenges in designing and devel-
oping visual analytics systems involving diverse stakeholders, and
(2) Adoption challenges, where we focus on the barriers of transla-
tion of research endeavors to sustained deployment and long-term
adoption in the civic domain.

3.1. Design Challenges

In discussing design challenges, we include barriers that mani-
fest during the inception, design, prototyping, and eventual de-
velopment of a feature-complete visual analytics system. These
challenges extend beyond technological hurdles and encompass
the complexities of wicked problems—highly interconnected and
evolving issues with no clear-cut solutions. The wickedness arises
from the intricate relationships between developers and stakehold-
ers, the diverse traits and needs of the target audience, the influence
of social and cultural norms, and underlying infrastructural con-
straints [RW73,CBS19].

3.1.1. Building Cross-Sector Partnerships

To build effective visual analytics systems for the civic domain that
can navigate the complex interplay among societal, political, eco-
nomic, cultural, organizational, and computational factors, it is crit-
ical to undertake a human-centered approach [MNC* 19, BISM22].
To that end, it is imperative to build partnerships to include di-
verse stakeholder perspectives through co-design [Ste13,NHG*20]
to build features tailored to specific civic needs. These stakeholders
and end-users may include community organizations, local govern-
ment, civic leaders, policymakers, and the public.

While accessing and engaging such a wide variety of stakehold-
ers demands significant efforts from developers, without stakehold-
ers’ representative involvement, the built system risks becoming bi-
ased towards certain groups and incapable of addressing the needs
of other groups, leading to the inadvertent marginalization of ideas
and requirements. Moreover, interests in partnership across these
groups may vary [MNC™*19,JHSM21], making buy-in challenging
and resulting in a lack of enthusiasm and engagement despite the
best efforts from developers. Civic engagement is often voluntary
and beyond the call of civic duty [JKW*21]; monetary or other in-
centives may not sway people’s excitement to get involved. Over-
coming these challenges calls for reimagining strategies to foster
engagement and close collaboration among stakeholders, empha-
sizing shared goals and inclusive practices to inspire sustained en-
gagement and meaningful impact [MNC*19].

3.1.2. Mismatches between Designers and Stakeholders’
Needs and Expectations

The effective design and development of visualization-driven civic
engagement and analytics systems require collaboration between
computer scientists, analysts, policymakers, and community stake-
holders. However, these stakeholders often have varying goals, pri-
orities, expectations, and constraints, making consensus-building
challenging. For instance, policymakers — who make decisions
based on public input — often prefer summaries and high-level vi-
sual overviews to get a holistic understanding, and analysts might
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prefer drilling down to individual comments to gain a better un-
derstanding behind the rationale of public sentiments [MNC*19,
JHSM21]. Furthermore, while government officials may be con-
cerned about preserving data privacy, community organizations
may prioritize data transparency and accessibility, and the public
wants to see accountability and actions taken based on their in-
put JKW*21,ISM].

Such broad divergence has resulted in considering designing
civic technologies as “Wicked Problems” [RW73, CBS19] —
messy, unassuming, and often too complex with no trivial solu-
tions. One approach to overcome these issues is to take a struc-
tured, participatory approach to bridge the gap between different
stakeholders. However, without strong communication and partic-
ipatory frameworks, the roles of stakeholders, their involvement,
and their impact on the design process remain undefined and un-
derutilized [RDM21]. As such, it is imperative to develop early en-
gagement and infrastructure to enable stakeholder roles and their
involvement to ensure transparent, effective, equitable, and sus-
tainable approaches in building visual analytics to address civic
issues [RDM21].

3.1.3. Ensuring Equity and Inclusivity in Visual Analytics

Many civic technologies assume universal access to the internet,
smartphones, or computers, but many underserved communities
lack reliable connectivity, devices, or digital literacy [JKW*21,
Lio23]. Challenges due to the assumption of access to technology
often manifest in unexpected ways. For instance, hyperlinks to vi-
sual analytics systems can be disseminated through digital links or
QR codes [JSM]. However, in situations where participants are pro-
vided with QR codes, they are expected to have smartphones with
a digital camera and QR code reading software to use them. On
the other hand, digital hyperlinks cannot be shared using posters or
other manual approaches. Additionally, in situations where sharing
the hyperlink is not possible, but QR codes can be used, it may force
participants to work with the visual analytics system on smaller
screens, despite having access to a larger screen on their desktop or
laptop computers.

These issues impact the design of visual analytics systems as
the designers and developers have to put efforts to enable function-
alities of the system across multiple devices and modalities. But
perhaps a bigger challenge is in addressing language, cultural, and
disability preferences to close the usability and digital literacy gaps
of marginalized participants. Designing visual analytics systems in
the civic domain that are equitable and accessible is essential to
ensuring that all community members, regardless of digital liter-
acy, disability, language, or socioeconomic status, can effectively
engage with and benefit from these systems. This digital divide can
be reduced by exploring approaches that enable low-technology ac-
cessible alternatives [Cul01], companion applications that provide
offline support [JSM], and stateful implementation that can allow
community members to save and restore their sessions for seamless
engagement with visual analytics systems.

3.1.4. Embedding Explainable AI into Visual Analytics

Historically, Artificial Intelligence (AI) algorithms have been con-
sidered and treated as a black box [DDN*23, KSD*22]. Recent ad-
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vancements in explainable Al (xAlI) research have enabled a reduc-
tion in the opaqueness of these algorithms by making the AI mod-
els more transparent and understandable. However, they are often
considerably more complex and difficult to visualize in a compre-
hensible way for non-experts, who constitute the majority of the au-
dience in the civic domain [JHSM21, BLC*23]. This is especially
pertinent in the digital civic domain when Al education, or lack
thereof, can further increase the digital divide among the populace
with access to such education [SBSAD24]. As such, integrating ex-
plainable Al components into visual analytics will require signifi-
cant efforts to achieve the difficult task of balancing the need for
simplicity and comprehensibility with the requirement for detailed
and accurate explanations [BJSM22].

Beyond computational challenges, visual analytics systems that
incorporate XAl have to present explanations in a way that users
can easily interpret and trust. Providing details on the inner work-
ings of the models may provide more transparency but runs the risk
of overwhelming people with information that might lead to cog-
nitive overload, where people struggle to process and understand
the data. This is in contrast to the goal of incorporating explainable
Al with visual analytics. To mitigate these issues, a visual analytics
design could explore alternative approaches to disseminate infor-
mation in a multimodal way, enabling layered information without
overwhelming people [JSM]. However, such approaches require in-
terdisciplinary and collaborative efforts, combining expertise in Al,
visualization, and human-computer interaction.

3.2. Adoption Challenges

Designing and developing visual analytics systems is one facet of
adopting such systems in the civic domain. However, long-term
adoption presents unique challenges related to sustainability, eco-
nomics, ethics, and technology integration.

3.2.1. Lack of Visual Literacy across Stakeholders

Visual literacy, or lack thereof, persists as a challenge across many
areas of visualization [MNC*19]. It refers to the ability to extract,
interpret, analyze, and communicate information through visual-
izations, including graphs, charts, maps, diagrams, and other vi-
sual media [BLC*23]. In the civic domain, a lack of visual lit-
eracy poses unique challenges across both the policymakers and
public. For policymakers, despite being domain experts and ex-
perienced in civic activities, many are not adept at working with
complex visualizations [MNC™*19]. Moreover, they often have to
deal with a large amount of data, which, when converted into vi-
sualizations, the aggregation may reduce the granularity of under-
lying data and may not be able to capture nuances present in the
data, leading to bias, misinterpretation, and ineffective decision-
making [JCSM22,JFSM23].

The public also often lacks visual literacy, which necessitates de-
velopers to produce comprehensible visualizations that are easy to
interpret. However, simplified visualizations can strip out the rich-
ness of the data and could lead to a skewed understanding. The flip
side of this is the lack of inclusive approaches to building visualiza-
tions, which are difficult to interpret and are less useful in dissemi-
nating information to the general populace. Overcoming these chal-
lenges may require approaches beyond technological interventions

by fostering visual literacy through education [FJL22], designing
accessible and inclusive visualizations with the diverse audience in
mind [MNC*19, JHSM21], and exploring alternative interactions
with visualizations beyond information delivery [Mah24].

3.2.2. Lack of Infrastructure and Resources for Sustainability

While research works can be demonstrated to be effective in ad-
dressing civic issues in a contained scope [KMF*12, ZMNB15],
sustaining them for long-term adoption poses significant challenges
due to infrastructural limitations, resource constraints, technical
challenges, and evolving community needs. Many research projects
heavily rely on short-term research grants or pilot programs without
long-term financial plans, leading to abandoning the system along-
side the project once the initial funding ends. In addition, with the
passage of time, the technology becomes outdated, needing updates
to continue support, which demands additional resources, includ-
ing funding, programmers, and developers to maintain and con-
tinue operability of visual analytics systems. While open sourcing,
crowdsourcing, and similar approaches can be explored to mitigate
the resource challenges on a voluntary basis, without clear and scal-
able structuring, these approaches can at best maintain soon-to-be
obsolete software, with few possibilities of scaling [RDM21]. As
such, these projects are often confined locally and rarely scale to
larger municipal or national contexts.

Beyond financial and technical challenges, civic technology
must adapt to changing community needs while balancing data se-
curity and ethical standards. Visual analytics that address specific
civic issues and demands today may become irrelevant without
modifications and changes to adjust to evolving current affairs, so-
cial norms, political structures, and public opinions. To supplement
the evolution of software programs, long-term data management
and governance are needed to maintain historical records while ad-
justing to new data privacy standards [RK19]. In essence, success-
ful and sustainable visual analytics systems in the civic domain re-
quire proactive planning, resource allocation, adaptive system de-
sign, and collaboration among stakeholders and developers.

3.2.3. Integration and Disruption in Established Workflows

In many cases, introducing a novel technology such as visual ana-
lytics systems can be detrimental to the established procedure and
workflow of civic engagement, public input analysis, and decision-
making [CGO1,MNC*19]. Government officials often rely on well-
defined and documented methods for collecting and analyzing pub-
lic input. While these approaches might not be the most updated
and technology-supported, introducing novel systems may create
resistance among stakeholders accustomed to traditional processes.
Therefore, decision-makers are often resistant to integrate new
technological interventions into existing frameworks due to these
challenges [JKW*21]. In addition, the visual analytics system in-
troduces new dimensions to how public input can be analyzed to
inform decisions. Collectively, such changes to the workflow might
hinder rather than enhance public participation through established
voluntary or crowdsourced approaches, as traditional approaches
may not immediately translate to working with digital technolo-
gies. This might, in turn, demand more efforts, training, and com-
mitment from the public and policymakers, rendering the idea of
adopting new technologies rather unattractive.

© 2025 The Author(s).
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To mitigate the disruption of existing workflows, visual analytics
systems can be integrated as a complement rather than a replace-
ment [JKW*21, NS15]. Such technologies can be gradually inte-
grated as a fail-safe or an auxiliary method to enhance the current
processes. This would allow for practitioners of established work-
flows to continue to follow their preferred methods while allowing
for experimentation and gradual adoption of novel technologies in
the long run. Positioning visual analytics systems as a supporting
mechanism and fostering user agency over their usage will enable
possibilities of adopting new technologies at the stakeholders’ own
pace, leading to a more natural transition between old and new ap-
proaches. Such approaches could also be beneficial in mitigating
risks of misinterpretation due to limited exposure, building trust,
and increasing the potential for sustained adoption.

3.2.4. Concerns about technology and AI

While technology is becoming ubiquitous, in the civic domain,
there are risks associated with relying solely on technology for
engagement and analysis. Technological adoption may uninten-
tionally favor individuals with greater access to technology, par-
ticularly younger users who are more familiar with digital tools,
while older populations may be less inclined or proficient in us-
ing them [RMB™*17]. Some studies argue that with careful design
of user interfaces and experiences, the older population is equally,
if not more likely, to adopt new technologies [WCS24, DM14].
However, it does not overcome the concerns entirely, especially
with the recent progress in Al following the introduction of dis-
ruptive technologies, including foundation models and their us-
age [Dan04, MVHB25]. To mitigate these challenges, it is cru-
cial to design inclusive and accessible technologies that accommo-
date diverse user needs, provide training and support for less tech-
savvy populations, and incorporate hybrid engagement strategies
that blend digital and non-digital approaches to ensure equitable
participation [DM14, VGCGL17]. It is also important to be transpar-
ent about technology and Al integration in civic spaces and design
systems that are inclusive and adaptable to stakeholders’ needs,
rather than replacing them. Furthermore, careful consideration is
needed when integrating Al into visual analytics systems designed
to support participatory democracy processes and disseminate in-
formation to avoid eroding already dwindling trust and avoid ex-
acerbating the often tenuous relationship between the public and a
technocratic government [SBSAD24,NS24]. Given the ephemeral
landscape of Al-enabled technology and research, it is imperative
to conduct longitudinal studies to identify nuanced challenges and
potential solutions that can address long-term adoption challenges
of technologies such as visual analytics systems that integrate Al.

3.2.5. Data Privacy and Ethical Considerations

All visualizations depend on data [CHUOQ7]. Visual analytics in
the civic domain predominantly relies on public-generated input
and feedback on issues concerning the community, city, or na-
tion at scale. While visual analytics systems must be transpar-
ent to foster trust and accountability, balancing transparency with
data privacy in the civic domain presents unique challenges, par-
ticularly in mitigating the risk of exposing sensitive or personally
identifiable information such as location, identity, and social sta-
tus. Emergent computational technologies such as differential pri-
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vacy [Dwo06, PSDB*24], widely considered a gold standard, can
be used to address data privacy. On the other hand, manual modera-
tion approaches could be undertaken to complement technological
interventions. However, implementing differential privacy requires
significant computational resources and careful parameter tuning to
balance privacy and data utility. Meanwhile, manual moderation,
though valuable, introduces risks of misinterpretation, personal bi-
ases, and inconsistencies [GBK20].

Such challenges further introduce the potential for the misuse of
public data and ethical concerns. In many cases, public-generated
data in the civic domain is made publicly available [JKW*21,JSM].
If not properly anonymized, individuals’ identities, opinions, or af-
filiations may become traceable, exposing them to risks such as
surveillance, targeted political manipulation, and harassment. From
the researchers’ and developers’ perspective, they have to make ex-
tra effort to perform these tasks to avoid potential privacy leaks.
Furthermore, biases in data collection and algorithmic processing
can marginalize certain groups or reinforce existing inequalities.
It raises additional questions about the governance and ownership
of civic data. It should be noted that in many instances, the poli-
cymakers manage and organize publicly generated data. However,
the aforementioned issues might incur difficulties and apprehen-
sions around collecting, analyzing, and disseminating public in-
put, which might limit transparency, effectively enabling misin-
terpretation and leading to ineffective decision-making. Striking
the right balance between open civic participation and data pro-
tection requires well-defined policies, privacy-preserving compu-
tational techniques, and adherence to ethical guidelines.

4. Conclusion

The transition of visual analytics systems from research prototypes
to practical, widely adopted tools in the civic domain remains a
persistent challenge. Through our experiences, we have identified
key barriers, including organizational hierarchies, stakeholder mis-
alignment, and resistance to new technologies, that hinder sustained
adoption even when participatory design methods are employed.
Our work underscores the need for deeper integration strategies
that accommodate diverse stakeholder priorities and ensure long-
term usability. To bridge the gap between research and practice, fu-
ture work should emphasize early stakeholder engagement, flexible
adaptation to existing workflows, and sustained support for system
evolution. Future research should also focus on developing frame-
works for continuous collaboration, investigating methods for en-
suring equity and accessibility, and exploring the role of Al-driven
approaches in fostering interpretability and trust in visual analyt-
ics. Addressing these concerns will be crucial for making visual-
ization research more impactful and actionable in real-world civic
decision-making processes.
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