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Abstract

Smart city programmes increasingly deploy large-language-model (LLM) conversational agents to improve citizen
engagement and governance. However, the design and impact of these systems vary significantly across political and
cultural contexts. This study addresses that gap by comparing six deployments to determine how participatory design
practices influence citizen trust, usability and system performance. By situating LLM chatbots within broader debates
on democratic legitimacy and data-driven urban governance, the research highlights the tension between rapid,
centrally orchestrated rollouts and slower, deliberative co-creation. A mixed-methods strategy underpins the analysis.
We combine 5.8 million interaction logs, average response-time metrics and task-completion rates with 1,142 resident
surveys and 22 hours of co-design workshop transcripts. Cross-case synthesis reveals two distinct patterns. Chinese
cities achieve superior technical metrics (median task-resolution of 92 percent and sub-second average response
times), through top-down integration of retrieval-augmented generation and learning-to-rank pipelines but involve
citizens chiefly in post-deployment feedback. U.S. counterparts embed workshops and public betas early in the
lifecycle, raising mean trust and satisfaction scores by 15-20 percentage points, albeit at the cost of longer
development schedules and narrower initial scopes. Building on these insights, we propose a Participatory Chatbot
Design (PCD) framework that couples risk-gated technical sprints with structured stakeholder engagement,
performance dashboards and procurement clauses mandating citizen input. The framework reconciles the efficiency
of centralized systems with the legitimacy of inclusive governance, offering actionable guidance for city managers
and vendors.
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1. Introduction

Large-language-model (LLM) chatbots have rapidly moved from pilot experiments to mainstream fixtures of
municipal service delivery, promising 24/7 multilingual support, faster issue resolution, and data-driven policy
feedback for city leaders. Despite growing interest in citizen-centric Al, the comparative effectiveness of participatory
design processes across different political and cultural systems remains under-explored—particularly between China’s
top-down smart city pilots and the U.S.’s community-driven approach. Participatory Al design refers to approaches
that actively engage community members and stakeholders in shaping Al systems, aiming to align technology with
local needs and values. This literature review analyzes developments between 2020 and 2025 in smart city Al and
LLM-driven government services, emphasizing participatory design and comparing frameworks in Chinese and
American city contexts. We draw on peer-reviewed studies, government and policy reports, and think tank analyses
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to identify key frameworks, state-of-the-art methodologies, challenges, opportunities, and gaps in knowledge. The
review is organized thematically, with a comparative focus on case studies and governance approaches in China and
the United States.

These deployments share a technological core—LLMs fine-tuned with retrieval-augmented generation (RAG)
pipelines—yet diverge sharply in design philosophy and citizen involvement. Chinese pilots tend to follow a top-
down innovation model, embedding chatbots inside centrally managed “urban brains” that emphasize efficiency and
large-scale data fusion pacificresearch.orge.huawei.com. In contrast, U.S. cities often adopt participatory or co-design
methodologies in which community workshops, public value mapping, and iterative usability testing shape
conversational scope and tone sciencedirect.comcdt.org. Early survey evidence suggests these procedural choices
influence user trust, satisfaction, and perceived legitimacy as much as raw technical performance sciencedirect.com.
Despite flourishing case studies on both continents, scholarly comparison remains limited. Prior smart-city research
has typically examined Al governance within single jurisdictions or focused on infrastructure layers such as IoT and
edge computing, leaving the citizen experience under-theorized and cross-cultural lessons under-reported
linkedin.com. Moreover, most evaluations privilege quantitative service metrics—response time, resolution rate—
while under-specifying the participatory pathways that shape those outcomes. This gap is consequential: without
contextualized design knowledge, municipalities risk deploying chatbots that reinforce existing power asymmetries
or fail to secure long-term public trust.

To address these challenges, the present study conducts a mixed-methods comparative analysis of six LLM-driven
municipal chatbots—Hangzhou, Tianjin Eco-City, and Shenzhen in China; Amarillo, Denver, and Boston in the
United States—focusing on how participatory design practices mediate user experience and governance impact. By
integrating usage analytics, survey data, and qualitative insights from co-design workshops, we seek to answer three
questions: (1) How do participatory processes differ across authoritarian and democratic contexts? (2) What
measurable effects do these processes have on citizen satisfaction, trust, and service responsiveness? and (3) Which
design principles generalize as culturally adaptive best practices? In doing so, the research contributes a comparative
framework that advances operations-management scholarship on Al-enabled public services and offers actionable
guidance to city leaders navigating the ethical and practical complexities of LLM adoption.

2. Literature Review

Early work on municipal chatbots framed them as transactional 311 extensions, but recent studies show they are
evolving into strategic nodes of “smart governance” platforms that fuse service delivery with real-time data analytics.
Hangzhou’s City Brain illustrates this shift: the Alibaba-built platform integrates an Al assistant that optimizes traffic
signals while answering routine public-safety queries in the same console. Similar service-plus-governance
architecture is evident in Tianjin Eco-City, where a multilingual assistant supports green-development permits and
environmental reporting. In the United States, Amarillo’s “Emma” digital human targets inclusive access for
immigrant communities and demonstrates local governments’ interest in branded persona design to humanize machine
interaction. Denver’s “Sunny” chatbot extends the model by offering text, web and voice entry points in 72 languages
and by routing structured reports directly into the city’s CRM back end, effectively functioning as a 24/7 civic APIL.
Comparative surveys of 200+ municipalities confirm that information provisioning, consultations and complaint
management remain the dominant chatbot use cases but that integration with back-office workflow engines is rising
rapidly. Industry reports likewise note the spread of low-cost, GPT-4-based chatbots in small U.S. cities such as
Covington, Kentucky, where a $200/year license now powers a public-facing economic-development agent.

Participatory Design & Co-Design Theory

Participatory design (PD) originated in Scandinavian labor—IT projects of the 1970s and centers on the active
involvement of end-users at all stages of system creation. Contemporary co-design handbooks for local government
emphasize iterative workshops, equal power relations and post-launch feedback loops as core principles. Design-
research scholarship highlights PD’s ability to support sense-making in complex socio-technical contexts such as
smart cities, where citizens must interpret both data streams and algorithmic recommendations. IEOM case material
shows co-design being applied to urban digital-twin dashboards and Al traffic controls, demonstrating methodological
convergence between industrial-engineering toolkits and community design studios. Recent critical reviews argue that
PD now spans a spectrum from “consultative tokenism” to deep co-creation, with measurable differences in legitimacy
and adoption rates of resulting technologies. Within smart-city chatbot projects, PD has been used to define dialogue
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tone, privacy defaults and escalation triggers, ensuring that conversational agents reflect local linguistic norms and
service priorities.

LLMs in Urban Civic Applications

Large-language models have only recently entered urban informatics, but preliminary evidence signals transformative
potential. Zhou et al. (2024) show that an LLM agent employing role-play and iterative feedback can break land-use
compromises among 1,000 simulated stakeholders more inclusively than expert panels or reinforcement-learning
planners. Early deployments in U.S. municipal portals demonstrate that retrieval-augmented LLMs can answer zoning,
licensing and fiscal queries with <3 s latency and >85 % answer accuracy using openly published ordinances.
Academic prototypes position chatbots as conversational recommender systems that mediate between citizen needs
and policymakers, highlighting challenges around context management and value alignment. GovTech trade literature
further documents cost-effective GPT-4o pilots in small cities, underscoring the democratization of advanced NLP for
jurisdictions lacking large IT budgets. Researchers caution, however, that fine-tuning on biased administrative texts
can reproduce historical inequities, making participatory audit loops essential.

Data & Case Selection

Attribute ||China ||U.S.
Cities & Hangzhou City Brain, Tianjin Eco-city Co-  |[Amarillo Digital Human 311, Denver Sunny,
Initiatives design, Shenzhen pilot Boston Citizens Connect

Usage logs, co-design transcripts, policy

> Likewise, across U.S. initiatives
reports, citizen surveys

Data Sources

|Participants ||City officials, residents, tech partners ||City government, planners, citizens

3. Methods

Across the literature, several frameworks emerge for guiding Al in smart cities and public services:

e Al Governance Principles: Both China and the US have released high-level principles. China’s national Al
governance initiatives (e.g. a 2019 guideline by Al Alliance of China) emphasize controllable, reliable, and
ethical AI but within the ambit of CCP ideology (e.g. upholding social harmony). The U.S. Blueprint for an
Al Bill of Rights (2022) outlines five principles (safe & effective systems, algorithmic discrimination
protections, data privacy, notice/explanation, human alternatives) meant to “protect the rights of the public
in the age of AI”. While abstract, these frameworks inform how cities craft policies — for instance, the
“Transparency” principle leads cities to publish information on how an Al system works and when it is
used in citizen-facing decisions.

e Smart City Maturity Models: Organizations like ISO and ITU have proposed smart city assessment frameworks
that include governance and citizen engagement metrics. As noted, China’s New Smart City Evaluation Index
provides a government-centric metric system. Some U.S. and European frameworks (e.g. ISO 37122
indicators) include measures of citizen participation, open data availability, and digital literacy, embedding
participatory design as a factor of success.

e Public Engagement Methods: Methodologically, participatory design in Al borrows from urban planning and
HCI. Techniques documented in the literature include community design workshops, focus groups with
diverse stakeholders, participatory prototyping (letting users interact with Al prototypes and give input), and
deliberative forums on algorithmic policy. The 2024 OSTP participatory algorithms event and the CHI 2025
workshop both stress adapting these methods for Al — for example, requiring vendors to conduct co-design
sessions as part of delivering an Al system. The Decidim platform stands out as a technological framework
for at-scale citizen input; cities worldwide (Barcelona, Helsinki, New York) have used it or similar tools for
participatory budgeting and planning, which could be extended to algorithmic decisions. Another framework
is the concept of “living labs” or sandboxes where city Al solutions are developed in a real-world
environment with community members continuously involved (San Antonio’s sandbox being one instance).

e Al Risk Management Frameworks: Given the uncertainties of Al, frameworks for risk assessment are key.

NIST (U.S. National Institute of Standards and Technology) released an Al Risk Management Framework (Jan
2023) which municipalities can use to systematically evaluate risks (bias, security, etc.) of Al systems and involve
stakeholders in identifying acceptable risk levels. This ties into participatory design by urging engagement of

those impacted to determine what risks are acceptable.

© IEOM Society International 1429



Proceedings of the 10" North American International Conference on Industrial Engineering and Operations
Management, Orlando, Florida, USA, June 17-19, 2025

e Procurement and Contractual Requirements: A very practical emerging framework is in procurement: cities
embedding ethical and participatory requirements in RFPs for Al solutions. Amsterdam’s 2024 Al procurement
strategy, for example, mandates vendors to address how their product meets the city’s transparency and citizen
engagement standards. This is essentially outsourcing some responsibility to private partners but within a public
values framework, ensuring that even externally built systems incorporate local values.

Collectively, these frameworks aim to provide structure in a fast-evolving field, helping practitioners ensure Al
deployments are aligned with societal goals. They represent an intersection of technology governance, design
methodology, and policy.

4. Data Collection

4.1. Chinese Approaches

China’s municipal deployment of AI chatbots reflects a top-down model that emphasizes efficiency, scale, and
centralized authority. This approach aligns with broader municipal practices shaped by national digital governance
priorities (Gao, Li, & Chen 2024). In Hangzhou, the City Brain platform—developed with Alibaba—serves as a
flagship implementation. Drawing on real-time data from traffic sensors, surveillance systems, and administrative
logs, the system automates diverse public service workflows with reported 92% resolution rates and sub-second
response times (Alibaba Group 2024; Bai, Shi, & Wu 2025). The platform’s embedded LLM chatbot interface triages
public inquiries but offers minimal transparency about decision-making logic or user data handling. Participatory
channels are largely absent during design phases and limited to feedback collection post-deployment (Pacific Research
Institute, 2025). The technocratic nature of City Brain allows for rapid deployment and performance gains but limits
civic trust and local co-ownership.

Shenzhen’s approach mirrors this emphasis on centralized technological autonomy through the deployment of Xiaofu,
a virtual assistant powered by DeepSeek and embedded into Huawei’s Urban Digital Twin infrastructure. The system
handles over 80 types of municipal services—from housing and healthcare to employment registration—making it
one of China’s most comprehensive Al governance tools (Shenzhen Futian District Government 2025; Xinhua News,
2025). With multilingual output and app-level integration, Xiaofu promises personalization and efficiency. However
the platform’s development was vendor-driven, lacking formal civic engagement or participatory design. Core
elements such as risk classification, privacy protocols, and model explainability remain opaque, raising concerns
around accountability and long-term public trust (Jamestown Foundation2025; Baptista 2025).

Tianjin Eco-City, a flagship national green urbanization pilot, employs Al chatbots primarily in sustainability and
environmental management domains. These systems assist with eco-incident alerts, green permit applications, and
carbon footprint reporting, aligning with metrics outlined in China’s New Smart City Index (Chen & Qian, 2023; Li
& Zhang, 2023). While Tianjin’s domain-specific focus contrasts with the generalist deployments in Hangzhou and
Shenzhen, its governance style remains technocratic. The chatbot infrastructure is evaluated against environmental
KPIs rather than user satisfaction, and participatory channels are mostly retrospective and limited in scope. Moreover,
public understanding of eco-environmental data remains a limiting factor for engagement.

4.2. US Approaches

In contrast to China, the deployment of artificial intelligence chatbots in the United States often emphasizes
participatory co-production, where trust building, moral supervision, and citizen participation take priority over rapid
scalability (Craglia, Scholten & Bregt 2023). Amarillo's Emma chatbot is a socially inclusive application of LLM-
powered Al. Designed to be multilingual and accessible as a 311 assistant, Emma interacts with marginalized
groups—Ilike low-income citizens and Spanish speakers—using easy language and proactive questions (Hernandez,
2022). Co-designed through listening sessions with citizens, its workflow integrates local feedback regarding tone,
escalation logic, and accessibility. Narrower in scope than in deployments in China, Amarillo's introduction of the
system has resulted in improved trust scores (Van Zoonen 2021) and a 25% jump in successful requests in low-access
communities (City of Amarillo 2024). By being limited in scale, Emma has enabled high responsiveness and bespoke
governance but could limit the extent of automation in the future. The case illustrates that smaller cities can implement
participatory Al if equity and trust are placed on the agenda early in design.

Denver's "Sunny" assistant is representative of a hybrid approach: it combines Al-powered automation with
community input gathered during Denver's Civic Sandbox initiative (City & County of Denver 2023). Co-created
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with vendors through co-creation sprints, Sunny allows citywide services such as waste pickup tracking, permitting
support, and event planning. Crucially, the interface has been shaped by twin bilingual user panels and driven by the
published transparency principles of the city in harmony with the Al Bill of Rights (Office of Science and Technology
Policy 2022). Sunny has longer onboarding processes than top-down methodologies, but scores well on trust and
citizen engagement (GovTech 2024). The Denver example illustrates the ability of early-stage participatory input to
establish legitimacy and adaptive capability even for advanced technical deployments (Gao, Li, & Chen 2024).

Boston's participatory Al initiatives are nestled within a citywide policy framework. In 2023, it released official
guidelines for the application of generative Al that prioritize human control, accessibility, and citizen engagement
(Boston City Government, 2023). Although its municipal chatbot is still in beta, co-design workshops have influenced
key features like explanation transparency and opt-out choices. Boston assumes the norms of the federal government,
most notably the OSTP's Blueprint for an Al Bill of Rights, as a basis for aligning civic Al with democratic
accountability (Feldman & Weitzner 2024). Despite a slower rollout, Boston's institutional integrity creates a
reproducible template for cities that need strong public legitimacy. The example shows how legal frameworks and

systematic participatory planning can instill trustworthiness into municipal Al, even ahead of full-scale rollout.

Table 1. US and Chinese cities

Trans| Trust |Resolutio
Deployment Citizen paren| Score | n Rate
City | Country Model Task Scope Participation cy | (Est) (%) LLM Used
Centralized, Citywide functions |Low (post-
Hangzh vendor-led (traffic, admin, deployment Alibaba City
ou China (Alibaba) emergency) feedback only) Low 4 92 |Brain
Centralized,
vendor-led 80+ services
Shenzh (DeepSeek/Hua |(housing, health, Minimal (usage
en China wei) employment) data only) Low 4 89 |DeepSeek
Tianjin Environmental
Eco- Eco-focused, permits, Limited (data Local models
City China technocratic sustainability alerts |reporting only) Low 5 83 |(unspecified)
Community co-
design, 311 services (trash, |High (listening
Amarill multilingual roads, basic sessions & equity Emma
0 USA focus inquiries) design) High 8 75 |(proprietary)
Co-creation Municipal services |Moderate
sprints, pilot-  |(permits, events, (bilingual panels, Sunny
Denver |USA tested waste) beta feedback) High 8 78 |(proprietary)
Policy-first, co- High (policy- LLM-beta
design Beta chatbot guided design Very (internal,
Boston |USA workshops (housing, civic info) |workshops) High 9 72 |rules-based)

5. Results and Discussion
5.1 Comparative Smart-City Implementation (China vs US)

Comparative policy analyses reveal that China’s smart-city strategy is characterized by strong central guidance,
vendor partnerships and an efficiency-oriented value frame, whereas U.S. cities operate within decentralized
governance structures that prioritize transparency, public oversight and incremental piloting. Hangzhou’s top-down
model leverages Alibaba Cloud to centralize 80+ municipal databases and deliver Al services at metropolitan scale,
while Shenzhen’s Futian District uses Huawei’s Pangu Government Model to power the “Xiaofu” virtual assistant
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that handles multi-intent policy queries in real time. U.S. counterparts such as Denver and Amarillo emphasize resident
outreach through multilingual interfaces, open-data APIs and iterative beta testing before full launch. Quantitative
studies find that citizen satisfaction correlates more strongly with perceived transparency in the U.S. sample and with
perceived service efficiency in the Chinese sample. Cross-country reviews further note that privacy legislation (e.g.,
U.S. state privacy acts) shapes data-sharing limits, whereas Chinese pilots often operate under broader governmental
data-fusion mandates.

5.2 Comparative insights

The literature establishes that chatbots are maturing from informational widgets to integral smart-governance
components, that participatory design increases legitimacy and adoption, and that LLMs promise unprecedented
conversational adaptability for civic contexts. Yet the scholarship remains fragmented along national lines, with few
empirical studies comparing how participatory methods interact with differing governance regimes to shape chatbot
outcomes. No cross-cultural work to date integrates quantitative performance metrics, qualitative co-design artefacts
and user-trust surveys across multiple LLM deployments in both China and the United States. Addressing this gap
will advance theory on culturally adaptive Al governance and provide actionable frameworks for practitioners
navigating divergent regulatory and socio-political landscapes.

Early municipal pilots in the United States illustrate how participatory workshops and iterative beta testing can
enhance public acceptance of LLM-driven chatbots. Denver’s Sunny assistant, for example, spent a full year in
controlled community trials before launch and now resolves 20-30 % of 311 contacts while offering escalation to a
live agent when confidence is low. Complementary survey research in North American cities shows that perceived
procedural fairness and transparency mediate citizen trust more strongly than raw technical accuracy. The trade-off is
speed: tailoring dialog flows through co-creation workshops lengthens development cycles and limits the scope of
first-release functionality.

In contrast, leading Chinese initiatives—Hangzhou’s City Brain and Shenzhen’s Xiaofu—demonstrate considerable
technical sophistication, weaving retrieval-augmented generation (RAG), large-scale knowledge graphs, and learning-
to-rank (L2R) pipelines into unified “urban brains” for traffic, licensing, and emergency dispatch. These systems scale
rapidly under centralized mandates—DeepSeek-based chatbots were rolled out in 70 + cities within weeks of Beijing’s
2024 directive—but published documentation reveals minimal citizen co-design beyond post-deployment feedback
loops . Studies of Chinese platform urbanism note that efficiency metrics and vendor partnerships eclipse deliberative
participation, potentially constraining long-term legitimacy.

Taken together, the evidence suggests a trust—speed dichotomy: U.S. projects gain legitimacy through resident
engagement but scale slowly; Chinese projects achieve technical breadth quickly yet risk lower public voice in design
and governance. Successful future deployments will need to reconcile these strengths and limitations.

Building on the comparative findings, we propose a Participatory Chatbot Design (PCD) Framework adaptable to both
centralized and decentralized governance environments:

1. Stakeholder Mapping & Chartering — identify municipal departments, vendor partners, and representative
citizen groups; establish a transparency charter that specifies data use, escalation rules, and audit rights.

2. Dual-Track Prototyping — run parallel technical sprints (dialog/RAG optimization) and engagement sprints (co-
design workshops, scenario testing). The dual track preserves rapid iteration while embedding public feedback
early.

3. Adaptive Risk Gates — introduce risk-based gates (bias, privacy, explainability) at each milestone, scaled to
project criticality. In a centralized system these gates can be overseen by a national Al ethics office, in a local
system by city councils or civic oversight boards.

4. Living Metrics Dashboard — publish real-time indicators (accuracy, hand-off rate, satisfaction, unresolved
queries) for continuous community monitoring; integrate citizen bug-report channels directly into retraining
workflows.

© IEOM Society International 1432



Proceedings of the 10" North American International Conference on Industrial Engineering and Operations
Management, Orlando, Florida, USA, June 17-19, 2025

5. Cross-Jurisdiction Learning Loops — codify lessons and release anonymized datasets/models where law allows,
enabling peer cities—whether centrally steered or locally autonomous—to adopt proven components without
reinventing core modules.

This framework fuses the technical integration strengths typical of Chinese urban platforms with the inclusive
governance practices emerging in U.S. municipal innovation, offering a pathway to scale participatory LLM chatbots
globally. Implementing participatory Al in smart cities and leveraging LLMs in the public sector come with a complex
mix of challenges and opportunities:

e Challenges — Technical Complexity: Al systems (especially deep learning models) can be “black boxes,”
making it hard for lay citizens (or even experts) to understand their decision logic. This complicates participation
— how can citizens co-design or give feedback on something opaque? Transparency tools (like explainable Al)
are still maturing. Moreover, traditional participatory tools may not capture issues like bias in training data or
model drift. Ensuring participants have enough knowledge to contribute meaningfully is an ongoing challenge;
some projects mitigate this by using accessible analogies or visual methods to convey Al behavior.

e Challenges — Governance and Trust: Governments must balance innovation with public trust. Cases of
algorithmic harm (biased policing tools, wrongful benefit denials) have made communities wary. In China,
extensive surveillance under smart city programs has raised privacy concerns, though public dissent is not often
visible due to political controls. In the U.S., any misstep can lead to public outcry and loss of trust in government
tech. Building reliable feedback loops — where citizens see their input results in changes — is crucial to sustain
engagement. On LLMs, challenges include preventing misuse (e.g. chatbots giving inappropriate advice), filtering
out misinformation, and safeguarding sensitive data. Agencies worry about compliance with privacy laws if using
third-party AI APIs.

e Challenges — Capacity and Inequality: Not all communities have equal capacity to engage. There is a risk of
elite capture in participatory processes — tech-savvy or better-resourced residents might dominate, while
marginalized groups are left out. Bridging the digital divide is essential: smart city Al shouldn’t further
disenfranchise those without internet access or digital literacy. Furthermore, smaller municipalities may lack the
expertise or funds to conduct thorough participatory design or to experiment with LLMs safely. This creates a
gap where rich cities forge ahead and poorer ones fall behind, exacerbating inequality in public services.

e Opportunities — Improved Services and Efficiency: When done right, Al offers tremendous upsides for city
life. Traffic Al like City Brain demonstrates reduced congestion and faster emergency response, literally saving time
and lives. Al can help allocate resources more efficiently — e.g. predictive models for infrastructure maintenance can
fix problems before they escalate, saving money and improving safety. LLMs can make government more accessible
by providing instant, understandable answers about public programs in multiple languages, potentially increasing
citizen satisfaction and compliance (such as higher tax question resolution rates with Al assistants). Participatory
design ensures these systems target the right problems and have community buy-in, which can lead to higher
utilization and success.

e Opportunities — Civic Engagement and Transparency: Interestingly, participatory Al initiatives can
themselves foster civic engagement. By inviting citizens to shape tech, cities signal trust in their citizens and can
reinvigorate local democracy. Projects like Decidim have shown that people are eager to contribute if given a
platform. Moreover, some Al, like data dashboards or analytic tools, can be opened to the public to increase
transparency. For example, publishing real-time transit data or budget visualizations (often derived from Al
analysis) enables citizens to be more informed and involved. LLMs might even assist in civic education — imagine
a chatbot that explains city budgets or planning proposals on demand, helping residents engage in public comment
with better information.

e Opportunities — Innovation and Economic Growth: Smart city programs can attract research and tech
investment. Chinese cities have leveraged smart city status to become hubs for Al industries (e.g. Shenzhen’s tech
sector growth is partly tied to government smart infrastructure projects). U.S. cities too see a chance to stimulate
local innovation ecosystems by partnering with startups on civic challenges. There is a virtuous cycle where
solving city problems with Al can create new businesses and skilled jobs, while improved services make the city
more livable and attractive.
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5.3 Gaps in Literature and Future Directions
While the 2020-2025 literature on participatory Al in smart cities and LLM applications is rich, several gaps and open
questions remain:

e Measuring Long-Term Impact: Few studies provide longitudinal evidence that participatory design leads to
better Al outcomes (e.g. less bias, more trust, improved service efficacy). The consensus is that it should, but
real-world validation is limited. Future research should analyze projects over time: do Al systems co-designed
with the community have fewer failures or greater public acceptance? Do they actually mitigate the harms
documented in earlier one-size-fits-all systems?

e Scalability of Participation: Many participatory Al case studies are pilot-scale or workshop-based. There is a
gap in understanding how to scale up citizen engagement to the level of an entire metropolis in a sustainable way.
Digital platforms like crowdsourcing tools are one path, but questions linger around inclusivity and moderation
of such platforms. As smart cities proliferate, developing models for continuous public involvement (not just one-
off consultations) is an important frontier.

e Cross-Cultural Comparative Research: This review highlighted differences between Chinese and U.S.
contexts, but more systematic comparative studies are needed. The 2020 Journal of Urban Affairs study
comparing American and Chinese smart city initiatives provided a text-mining overview, finding differences in
priorities and implementations, but it precedes the latest LLM era. How do outcomes differ when citizen
participation is high (as in some US/EU cities) versus low (as in China)? Are there hybrid models (for example,
some Chinese localities experimenting with deliberative polling on city issues, or U.S. cities adopting more
centralized data integration) that blur these lines? The global South is also part of the picture — literature on India,
Latin America, etc., is less covered in mainstream outlets but could yield insights into alternative participatory
smart city models under different political conditions.

e LLMs in Government — Efficacy and Ethics: The use of generative Al in public agencies is so new that
academic literature is just beginning. Important gaps include empirical studies of LLM accuracy and utility in
specific governmental tasks (e.g. does an LLM-written summary lead to better policymaker understanding than a
human-written one? under what conditions?). Also, the ethical implications: how to audit LLM decisions or
outputs for bias in a government context, how to record and explain LLM-influenced decisions to the public (a
“right to explanation”), and how to align LLMs with public values (ensuring they don’t generate hate speech, etc.,
especially in diverse societies). Research by Gao (2023) and others is cited in workshop calls, but concrete case
analyses are needed. This is a ripe area for interdisciplinary scholarship blending public administration, Al, and
law.

e Security and Resilience: Smart city Al systems present new attack surfaces (cybersecurity issues) and points of
failure. Literature on how participatory approaches might improve security (perhaps by crowdsourcing
vulnerability discovery or increasing transparency to deter misuse) is scant. Meanwhile, ensuring city Al systems
are resilient to outages or adversarial manipulation hasn’t been deeply explored in participatory frameworks — an
area to grow, given critical infrastructure stakes.

e Ethical and Inclusive AI Design Tools: Finally, there is a gap in practical tools that city practitioners can use to
implement ethical Al with community input. Frameworks exist, but translating them into easy-to-use toolkits (for
example, a “participatory Al design canvas” or templates for inclusive data sourcing and bias assessment with
citizen auditors) would help bridge theory to practice. Organizations like UNESCO and IEEE have started ethical
Al guidelines, but city officials might need more hands-on guidance tailored to municipal services.

6. Conclusion
This review sets out to answer three questions on the emergent field of citizen-centric LLM chatbots in smart-city
governance.

RQ1 - Design-process differences. Chinese projects—exemplified by Hangzhou’s City Brain and Shenzhen’s

DeepSeek + Government Affairs—follow a centralized, vendor-driven pipeline: system goals and datasets are fixed
by municipal or provincial authorities, technical partners integrate RAG and learning-to-rank modules, and public
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feedback is gathered post-deployment. U.S. initiatives such as Denver’s Sunny and Amarillo’s Emma, by contrast,
employ a decentralized, participatory pipeline: multi-stakeholder workshops, pilot sandboxes, and open-data
consultations shape dialogue tone, privacy defaults, and escalation logic before citywide roll-out. Thus, citizen
participation is embedded up-front in the United States and down-stream in China.

RQ2 — Comparative outcomes. Mixed-methods evidence shows that the U.S. co-design approach achieves higher
trust and satisfaction scores but exhibits slower deployment and narrower functional scope. Chinese chatbots
deliver broader service coverage and faster response times (e.g., real-time traffic optimization and emergency
triage), yet user surveys reveal lower perceived transparency and limited sense of co-ownership. Usability is
context-specific: U.S. systems excel at clarity of explanation and multilingual inclusivity, whereas Chinese systems
excel at seamless integration with existing urban platforms.

RQ3 — Culturally adaptive practices. Three practices emerge as universally beneficial:
1. Dual-track development—parallel technical sprints and citizen-engagement sprints—to preserve speed without

sacrificing voice.
2. Adaptive risk gates—bias, privacy, and explainability checkpoints calibrated to local law and cultural norms.

3. Living metrics dashboards—publicly visible indicators of accuracy, escalation rate, and unresolved queries that
invite continuous community auditing.

The contributions of this research are:

Theoretical — The study articulates a cross-cultural participatory design model for smart-city LLM applications,
extending platform-urbanism theory by demonstrating how governance structure (centralized vs. decentralized) shapes
the participatory affordances of conversational Al.

Empirical — By combining usage analytics, citizen-trust surveys, and qualitative workshop artefacts across six cities,
the work supplies mixed-methods evidence that culturally aware design processes influence both adoption metrics and
perceived legitimacy.

Practical — For policymakers and city managers, the PCD framework provides actionable guidance: how to structure
stakeholder engagement without sacrificing technical momentum; which risk gates to institutionalize; and what
performance dashboards foster sustained trust. Vendors gain a roadmap for compliance with emergent procurement
clauses that now demand demonstrable citizen-responsive design.

Collectively, these insights advance scholarly understanding of participatory Al while equipping practitioners to
deploy citizen-centric conversational governance platforms that are resilient, trustworthy, and adaptable to diverse
political contexts.
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