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This study presents an advanced review of policy and governance research in

the context of smart cities and artificial intelligence (AI). With cities playing a

crucial role in achieving the United Nations Sustainable Development Goals,

it is vital to understand the opportunities and challenges that arise from the

applications of smart technologies and AI in promoting urban sustainability. Using

the Latent Dirichlet Allocation (LDA) method based on a three-layer Bayesian

algorithm model, we conducted a systematic review of approximately 3700

papers from Scopus. Our analysis revealed prominent topics such as “service

transformation,” “community participation,” and “sustainable development goals.”

We also identified emerging concerns, including “open user data,” “ethics and risk

management,” and “data privacy management.” These findings provide valuable

insights into the current progress and frontiers of policy and governance research

in the field, informing future research directions and decision-making processes.
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1. Introduction

Urbanization is one of the most significant trends of the modern era, with more

than half of the global population currently living in cities (Dong et al., 2013; Dong

and Fujita, 2015; Chen et al., 2023). Cities face numerous challenges related to

management, including traffic congestion, environmental pollution, public safety, and

social inequality (Asogwa et al., 2022). In recent years, the rising concerns about

sustainability have emphasized multiple issues on the urban scale, such as resource

consumption, social equity, social inclusion, and climate risk. It calls for innovative

policy and governance to address these interdisciplinary challenges (Gutberlet, 2015;

Alessandria, 2016; Castor et al., 2020; Shah et al., 2020). and has also built a new

research arena for urban policy and governance research focused on urban sustainability

(Dong et al., 2018; Boossabong, 2019; Velenturf and Purnell, 2021; Chen et al., 2023).
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Emerging technologies—particularly, smart and AI

technologies—have emerged as promising solutions to address

these challenges to urban sustainability (Allam and Jones, 2021;

Modgil et al., 2021). Smart city governance refers to the use of

cutting-edge technologies such as Big Data and AI to promote the

innovation of urban management methods, management models,

and management concepts (Angelidou, 2015; Allam and Dhunny,

2019). However, the implementation of smart city governance is

not without challenges (Han et al., 2018; Wang et al., 2019; Kørnøv

et al., 2020). The interaction between AI and urban planning

presents numerous ethical and practical challenges, including

the transparency, fairness, and accuracy of algorithms (Liu et al.,

2020b; Allam and Jones, 2021; Malhotra et al., 2021; Pizzi et al.,

2021). As people explore the boundaries of smart cities, more

specific risks faced by smart cities may also emerge.

In this context, reviewing the current research arena on smart

city governance is valuable to identify the aspects that have been

extensively studied and those requiring further exploration. To

achieve this goal, this study proposes a bibliometric research

approach combined with natural language processing (NLP) to

analyze the relevant literature and identify the trends in smart

city governance and AI. This approach will provide a data-driven

method to gain insights into the field and understand emerging

issues and challenges.

The remainder of this article is organized as follows: after

this Introduction section, Section 2 describes the research method

for literature screening, reviewing, and data processing; Section

3 presents the main findings; and finally, Section 4 draws the

conclusions and policy recommendations.

2. Related works

Smart cities employ information and communication

technologies (ICT) and AI to augment the quality and efficacy

of their urban services, diminish resource utilization, and elevate

the overall quality of life for residents (Gams et al., 2019; Ullah

et al., 2020; Kaginalkar et al., 2021). Multimodal AI—which

integrates diverse data sources, such as text, images, videos, and

sensor data—bolsters the understanding of urban environments

and enhances applications in areas, such as traffic management,

public safety, and infrastructure maintenance (Zadeh et al., 2018;

Santosh, 2020). NLP plays an indispensable role in smart city

governance by facilitating efficient communication between

humans and machines, as well as by analyzing unstructured textual

data (Nicolas et al., 2021; Alswedani et al., 2022).

With the progression of sentiment analysis techniques, NLP-

based research has been employed to comprehend public sentiment

more effectively, a crucial aspect of smart city management (Guo

et al., 2016; Serna et al., 2017;Wang and Taylor, 2019). This research

area has primarily concentrated on enhancing the accuracy and

scalability of sentiment analysis techniques, including developing

deep learning-based models for more precise classification of the

sentiment (Ghahramani et al., 2021; Song et al., 2021; Dutt et al.,

2023). Some scholars have also employed NLP to devise algorithms

for real-time event detection, such as accidents, natural disasters,

and public gatherings (Yang et al., 2020; Zhang et al., 2021a,b), with

a focus on refining the integration of event detection systems with

other city services for more effective governance.

These advancements, in conjunction with ongoing research

on NLP and AI, hold the potential to substantially improve

efficiency, sustainability, and overall quality of life in smart cities

worldwide. Consequently, conducting systematic research on this

rapidly evolving study area is imperative, particularly in terms of

shifting themes to discern patterns in research focus points. Topic

modeling employs unsupervised machine-learning techniques to

automatically uncover themes within a corpus of unstructured text.

In this study, the most extensively investigated topic, modeling

algorithm, Latent Dirichlet Allocation (LDA), has been utilized to

categorize topics on the governance of smart cities and AI, as well

as to identify major trends based on the available literature.

3. Methodology

This study employs the LDA method based on a three-

layer Bayesian algorithm model for research topic clustering and

evolution analysis. The aim was to conduct an advanced review

of the current progress and frontiers of policy and governance

research in smart cities and AI and shed light on the future research

arena in this theme. Figure 1 presents the workflow for literature

processing, text and data mining, and topic clustering.

3.1. Step 1: literature mining

The first part was literature searching and processing. A

keyword search on Scopus was performed. In terms of governance

of a smart city and AI, the searching string adopted was

TITLE-ABS-KEY (governance AND [“smart city” OR “artificial

intelligence” OR “urban artificial intelligence” OR “autonomous

city”]). This means that articles including the words “governance”

and either “smart city” or “artificial intelligence” in their titles,

abstracts, or keywords were sought for the study. The search

retrieved articles related to the topics of governance and either

smart city or AI or both. Scopus shows that between 2000 and 2022,

a total of 4,021 documents specific to the governance of smart cities

or AI were published. The exclusion criteria included the following

literature types: editorials (27), notes (22), conference reviews

(125), errata (2), retracted articles (7), short surveys (3), and letters

(1). It is important to note that the quality of the results obtained

using the LDAmodel partly depends on the language(s) used in the

corpus. If the corpus contains documents in multiple languages,

the model will struggle to identify coherent topics relevant to the

research question. In such cases, preprocessing the data to separate

the documents by language before applying the LDA model is

more appropriate. However, the sample size of the non-English

literature in the current study was too small (121 documents) to be

sufficient for running the LDA model. Based on this consideration,

the limitation was extended to “Publication in English” only, and

then, 3,713 papers were left. The collected literature was further

screened to exclude data with incomplete information, such as

those showing no abstract available. The remaining 3,689 papers

underwent further analysis in step 2.
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FIGURE 1

Literature processing, text and data mining, and topics clustering.

3.2. Step 2: data cleaning and keywords
segmentation

The second part was data cleaning and word segmentation.

To make the analysis and outcomes more trustworthy, basic

preparation of the text material was performed. All punctuation

was removed using a regular expression, and the text was converted

to lowercase. After that, punctuation and extraneous letters were

removed, and each phrase was tokenized as a list of words. In

the third step, spaCy, a word segmentation tool, was used for

segmentation processing on the text. It is also currently the fastest

and best method for deep learning from text and can be written in

the programming language Python (Honnibal and Johnson, 2015;

Hu et al., 2022). The executed commands included removing stop

words and stemming to reduce the total number of unique words in

the dictionary. In NLP, vectors can represent text documents, which

is a very effective way to find similarities between different pieces

of text (Alvi and Talukder, 2021; Goyal, 2021). Finally, the words

in the document were converted into a word frequency matrix by

creating a unique id and calculating the number of occurrences for

each word so that the keyword set was stored in the form of an array

vector, presented as word-id/word-frequency.

3.3. Step 3: topic clustering

The third part was topic clustering or modeling. Topic

modeling is one of the most powerful techniques in text mining,

used for latent data discovery and finding relationships between

data and text documents. A frequently utilized NLP technique in

the field of topic modeling is LDA. This generative probabilistic

model is designed to identify the underlying topics within extensive
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collections of text. It has gained widespread popularity due to its

ability to uncover latent patterns in large corpora (Shatte et al.,

2019; Liu et al., 2020a; Xue et al., 2020). According to the search

results of Scopus, the research interest in this method has steadily

increased since it was proposed in 2004. It has been widely used

in computer science, social science, business, management and

accounting, and environmental science.

LDA is a three-layer Bayesian algorithm model based on

words, topics, and documents. The LDA model assumes that each

document is a mixture of topics, and each topic is a probability

distribution of words. The goal of the LDA model is to infer the

topic and word distributions for a set of documents. The basic idea

of LDA is that documents are generated in the following way: 1.

A topic is randomly selected from a prior distribution of topics;

2. For each word in the document, a word is randomly selected

from the word distribution of the topic. This process is repeated

for each word in the document, resulting in a mixture of topics

for each document. Based on the frequency counts of topics and

words in the document set, the subject of each document in the set

is presented in the form of a probability distribution, and finally,

the group distribution of the clustered items is obtained (Blei et al.,

2003). The resulting clusters can be used to better understand

the content of a large document set and perform tasks, such as

document classification and text summarization. Different from the

conventional vector space model, the parameters in the LDAmodel

do not grow exponentially with the size of the text set (D’Amato

et al., 2017; Jelodar et al., 2019; Dieng et al., 2020; Han et al., 2020).

Additionally, it makes up for the deficiency of other probability

generation models that assume a text involves only one topic and

can effectively model an actual situation based on this assumption,

as texts typically have multiple topics (Snoek et al., 2012; Guo et al.,

2017; Shatte et al., 2019; Abd-Alrazaq et al., 2020; Boon-Itt and

Skunkan, 2020). As a result of these benefits, the LDA model was

employed in this research. Python was used to treat the code and is

provided in “Supplementary material”.

In the LDA model, each document d is represented as a bag of

words, which means that the order of the words in a document is

ignored, and only their frequencies are considered. Let x be a word

in the vocabulary, and let n(x,d) be the number of times x appears

in document d. The LDA model assumes that the probability of

observing a word x in document d can be calculated as follows (Blei

et al., 2003):

p
(

x
∣

∣d
)

=
∑

p (x|z)∗ p
(

z
∣

∣d
)

(1)

where z is a latent variable representing the topic assignment for

the word x in document d, p(x|z) is the probability of observing

the word x given the topic z, and p(z|d) is the probability of the

topic z given the document d. To compute p(x|d), all possible

topic assignments z need to be summed over. In other words, all

possible topics that could have generated word x in document d

must be considered.

The LDA model generates a document in the following

way: sampling from the Dirichlet distribution to generate topic

distribution θi of document i; sampling from the multinomial

distribution of topic θi to generate topic zi,j of the jth word of

document i; sampling from the Dirichlet distribution to generate

word distribution ϕzi,j for topic zi,j; sampling from the multinomial

distribution of word ϕzi,j to finally generate word wi,j. Thus, the

joint distribution of all visible as well as hidden variables in the

whole model is as follows (Jelodar et al., 2019):

P (wi, zi, θi,8|α,β) =

K
∏

j=1

P (θi|α) P
(

zi,j
∣

∣θi
)

P (8|β)P
(

wi,j

∣

∣

∣
ϕzi,j

)

(2)

where N is the number of topics and α and β are the

hyperparameters of the Dirichlet before the per-document topic

distributions on the per-topic word distribution.

The maximum-likelihood estimation (Jelodar et al., 2019) of

the word distribution of the final document can be obtained by

integrating θi and ϕ of the above formula and summing zi,j:

P (wi|α,β) =

∫

θi

∫

8
∑

zi

P (wi, zi, θi,8 |α,β) . (3)

Finally, Gibbs sampling can estimate the parameters in the

model (Blei and Jordan, 2006; Wei and Croft, 2006; Jelodar

et al., 2019) according to the maximum-likelihood estimation.

Employing all these formulas in this study resulted in the

determination of α = 0.3 and β = 0.9.

The best topic number can be checked by calculating the value

of themodel “perplexity.” Perplexity is calculated as the exponential

of the cross-entropy between the model and the data. In the case

of LDA, the predicted distributions are compared to the actual

distributions in the data to calculate the perplexity score. The lower

the score, the better the model fits the data, meaning that the model

can predict the topics and words in the documents more accurately.

In this research, the perplexity was calculated as follows:

per (Dtest) = exp

{

−

∑M
d=1 log p(wd)
∑M

d=1 Nd

}

. (4)

The perplexity index is calculated through the following

parameters: the number of topics was [5, 25], the number of

iterations was 1,000 (Wang et al., 2022), and the step size was 1.

In the LDA model, the topic intensity distribution provides

insights into the relative weight of each topic within the corpus. The

calculation formula for determining the relative weight is as follows

(Wang and Taylor, 2018):

Pk =

∑n
i θki

n
. (5)

Among them, Pk represents the topic intensity of the k-th word,

θki represents the probability of the k-th word in the i-th text, and n

represents the number of literary texts. By considering factors such

as the frequency of the keywords of the topic in the documents and

the probability distribution of the topic, topic intensity can reflect

how prominent or influential a topic is compared to the others in

the dataset. Therefore, topic intensity can be used as an indicator of

the prevalence of the topic within the corpus.
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FIGURE 2

The 14 topics and their intensity for governance and policy of sustainability and cloud picture. (A) Topics and intensity. (B) Cloud picture for topics.
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4. Results

4.1. Overview of topics for policy and
governance research of a smart city and
artificial intelligence

According to the findings regarding the optimization of the

number of topics, the total number of text topics in the reviewed

literature was 14. The 14 topics and their intensity are shown in

Figure 2.

To display the focus of each topic and the interrelation between

them more intuitively, the “Word cloud” visualization technique

was utilized for the 14 topics extracted from the literature data

spanning from 2000 to 2022 (refer to Figure 2B). The font size of

the words positively correlated with their frequency of occurrence

under the respective topic. The word cloud technique allows

readers to conveniently and directly grasp the key information

associated with each topic; additionally, the LDAvis visualization,

arranged as a two-dimensional scatter plot (Figure 3), provides

further insights. In Figure 3, the x-axis represents the measure

of the distinctiveness of a topic, while the y-axis represents its

coherence. The number of bubbles in the plot represents the

number of topics, each bubble representing a different topic. The

bubble size indicates the prevalence of the topic in the corpus, with

larger bubbles representing more prevalent topics. By examining

the position and size of the bubbles, insights can be gained into the

relative strengths and weaknesses of the topics the model generates.

For example, a large bubble positioned higher on the y-axis and

further to the right on the x-axis suggests that the topic is both

prevalent and coherent in the corpus. Additionally, the distance

and overlap between the bubbles provide a sense of how the topics

are related to one another.

The result shows that the literature related to the governance

of smart cities and AI is broad and covers a wide range of topics,

reflecting the diverse challenges and opportunities associated with

the intersection of technology, governance, and societal issues in

the context of smart cities and AI.

The relationships between these topics suggest that the

governance of smart cities and AI is a complex and multifaceted

issue requiring a comprehensive and integrated approach. For

example, the high overlap between bubbles 4 and 7 in Figure 3

shows that the integration of geographic information systems (GIS)

in business education can support employee skill development

and organizational knowledge management, which can, in

turn, improve the implementation of smart city technologies,

such as intelligent mobility solutions and ICT-enabled citizen

participation. Additionally, the ethical and risk management

considerations related to emerging technologies, such as AI,

are critical for ensuring the responsible implementation of

these technologies in smart cities without negative implications

for society.

The relationship between topics, such as sustainable urbanism

(bubble 3) and local sustainability initiatives (bubble 2), indicates

the importance of integrating sustainability considerations into

the policy and governance frameworks of smart cities and the

need for holistic approaches addressing the environmental, social,

and economic aspects of urban development. While the overlap

FIGURE 3

Intertopic relevance distance map.

between healthcare data privacy (bubble 10) and bubble 2 suggests

that privacy issues are a significant concern in the context of

smart cities and AI, particularly in healthcare-related applications,

indicating the need for robust privacy policies and governance

mechanisms to protect sensitive healthcare data while leveraging

the potential benefits of AI in healthcare services. Similarly, the

relationship between topics, such as performance evaluation and

measurement, environmental impact assessment, and air quality

measurement, highlights the need for monitoring and assessing

the impact of smart city technologies on the environment and

public health.

Overall, these topics collectively indicate that the effective

governance of smart cities and AI necessitates a comprehensive

approach encompassing various factors. This approach should

encompass considerations, such as technology implementation,

ethical and risk management practices, environmental impact

assessment, and active community engagement. It emphasizes that

policy frameworks must carefully balance sustainability, privacy,

and other pertinent factors to ensure responsible and efficient

governance of smart cities and AI.

4.2. Subtopics for policy and governance
research of a smart city and artificial
intelligence and topic evolution trend

4.2.1. Subtopics under the 14 topics
According to the steps in the methodology, words similar to the

subject words under the 14 topics were further searched for through
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regular matching. This exercise intended to extract the linguistic

principles governing semantics and syntax from the literature

corpus. Words sharing a similar context are represented by vectors

in proximity to each other. The word sample size under each topic

can be thus expanded to generate subtopics. The subtopics, research

hotspots, and SDGs dimensions of each topic are shown in Figure 4.

These sub-topics are expected to enlighten the future research arena

of the policy and governance studies on smart cities and AI.

Topic 1 (Topic intensity: 0.136): the highest intensity reflects

the central focus on improving the delivery of smart city services

by leveragingmodern technologies. The subtopics highlight various

aspects, such as smart infrastructure management, intelligent

mobility solutions, AI-based environmental monitoring, and ICT-

enabled citizen participation and show that research of Topic

1 aims to enhance urban governance by promoting efficiency,

sustainability, and inclusivity in city operations; Topic 2 (Topic

intensity: 0.113): the second-highest intensity emphasizes the

importance of engaging citizens in decision-making and fostering

collaboration between stakeholders. The subtopics cover methods

such as participatory budgeting, stakeholder engagement, ICT

tools for participation, and innovative practices. The focus is

on fostering collaboration between citizens, local authorities, and

other stakeholders to address urban challenges, which is closely

related to topic 1 (Service Delivery Transformation), as improved

governance is often a prerequisite for effective citizen engagement

(Neshkova and Guo, 2012; Sandoval-Almazan and Gil-Garcia,

2012; Granier and Kudo, 2016); Topic 3 (Topic intensity: 0.095):

the third-highest intensity highlights the need for sustainable

and environmentally responsible urban development. Subtopics,

such as sustainable urbanism, local sustainability initiatives, urban

economic transition, and sustainable urban planning practices,

suggest a holistic perspective on addressing the environmental,

social, and economic challenges in smart cities. This area

intersects with both Topics 1 (Service Delivery Transformation)

and 2 (Community Participation), as it seeks to address the

environmental, social, and economic challenges in smart cities

using technology-based governance and collaborative approaches;

Topic 4 (Topic intensity: 0.078): this research area focuses on

creating a robust data ecosystem for smart cities, fostering

transparency and collaboration among various stakeholders and

emphasizing aspects such as data architecture, knowledge sharing,

business requirements, and trust and access. It is also related to

both topics 1 (Service Delivery Transformation) and 2 (Community

Participation), as data-driven decision-making and stakeholder

engagement are essential for effective governance; Topic 5 (Topic

intensity: 0.077): with an intensity similar to that of Open User

Data Platforms Governance, this topic investigates the ethical

considerations and risk management strategies associated with AI.

The subtopics discuss ethical principles in AI, risk management

strategies, societal implications, and responsible research practices,

highlighting the need to ensure that technological advancements

align with ethical norms and societal values.

The remaining topics, with relatively lower intensities,

contribute to the overall research landscape by exploring specific

aspects of smart city governance, such as Internet of Things

(IoT) security management, data privacy regulations in healthcare,

performance evaluation and measurement, machine learning in

data analytics, cultural heritage preservation, and human resource

management. Topic 6 examines the effects of digital innovation

on businesses in the context of smart cities. The subtopics

include digital transformation, economic impacts, social and

cultural implications, and political and regulatory frameworks,

demonstrating how businesses are influenced by and contribute

to the broader digital ecosystem. Topic 7 investigates the role of

GIS in business education, with a focus on learning strategies,

training implementation, knowledge management, and employee

skill development. The integration of GIS into business education

aims to enhance data-driven decision-making, spatial analysis

capabilities, and overall business performance in the context

of smart cities. Topic 8 examines the interplay between smart,

green, and resilient urban planning and management, emphasizing

energy-efficient buildings, water resource management, climate

resilience planning, and green infrastructure. The objective is to

promote sustainable, adaptive, and technologically advanced cities.

Topic 9 discusses IoT security in smart cities, addressing aspects

such as privacy, sensor networks, cloud computing, and analytics.

Responsible implementation and management of IoT systems are

emphasized to safeguard privacy, prevent data breaches, and ensure

system integrity. Topic 10 explores data privacy in healthcare,

encompassing patient rights, privacy and confidentiality, clinical

and medical ethics, and disease control and access to care. This

topic highlights the need for robust regulations and ethical practices

in handling sensitive health data within urban management. Topic

11 delves into methodologies and tools for evaluating smart

city performance, covering performance evaluation, environmental

impact assessment, air quality measurement, and evaluation tool

application. These aspects aim to quantify the effectiveness of

smart city initiatives, driving evidence-based decision-making and

efficient resource use. Topic 12 investigates machine-learning

applications in data analytics, focusing on algorithm selection,

deep learning, predictive analytics, and sentiment analysis. Effective

machine-learning applications enable improved decision-making,

accurate predictions, and support for a wide range of smart city

applications. Topic 13 studies the preservation and management of

cultural heritage in smart cities, emphasizing sustainable tourism

and social cohesion. These aspects contribute to the overall quality

of life within urban environments. Topic 14 analyzes human

resource management and organizational behavior in smart city

development, encompassing social change, organizational behavior,

human interaction, and job performance. Effective management

and attention to organizational behavior can foster adaptability,

a positive work environment, and improved productivity and

performance in smart cities.

When a more comprehensive perspective is taken, these

research topics also interact with each other in various ways,

forming a complex network of interdependencies and synergies.

The interactions among these topics can be characterized as follows:

4.2.1.1. Service delivery transformation and

community participation

The modernization of a city’s operations and the engagement

of the city’s residents in decision-making are closely related. AI

and digital technologies can facilitate more inclusive, efficient, and

sustainable urban governance, which, in turn, supports effective

community participation and collaboration.
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FIGURE 4

Subtopics and research hotspots for topics 1–14.
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4.2.1.2. Service delivery transformation and sustainable

development strategies

The push for sustainable urban development is directly linked

to the transformation of city services. As cities leverage technology

to improve their operations, they also need to focus on addressing

environmental, social, and economic challenges. The convergence

of these topics highlights the need for holistic and integrated

approaches to smart city governance.

4.2.1.3. Open user data platforms for governance, ethics

and risk management, and IoT security management

The increasing reliance on data and interconnected systems

in smart cities necessitate robust governance mechanisms, ethical

considerations, and risk management strategies. These topics are

interrelated in their focus on ensuring the responsible and secure

deployment of AI and IoT technologies in the urban environment.

4.2.1.4. Performance evaluation and measurement,

machine learning in data analytics, and integration of GIS

in business education

The use of advanced analytics and performance evaluation

methodologies is critical for data-driven decision-making in smart

cities. These topics are interconnected in their emphasis on

leveraging advanced algorithms, models, and tools to extract

insights and evaluate the effectiveness of smart city initiatives

and policies.

4.2.1.5. Cultural heritage preservation and management,

human resource management and organizational

behavior, and data privacy regulations in healthcare

These topics explore specific aspects of urban management,

emphasizing the need for specialized approaches in various

sectors. Although they may not interact directly, they

significantly contribute to the overall research landscape in

smart city governance.

As mentioned above, the interactions between various research

topics in the governance of smart cities and AI are complex. The

intricate web of relationships among these topics highlights the

need for a multidisciplinary and collaborative approach to address

the challenges and opportunities in this field. Understanding these

interactions can help identify potential synergies and areas for

collaboration, ultimately contributing to the development of more

efficient, sustainable, and inclusive smart cities.

4.2.2. Topics evolution from 2000 to 2022

The evolution of the topics is critical retreat the trend and

future of the studies. This study separates the literature data into

four periods to examine how themes have changed over time, as

shown in Table 1. The first phase is from 2000 to 2008, with 40

articles overall; the second from 2009 to 2015, with 325 articles; and

the third from 2016 to 2022, with 3,319 articles.

The LDA model determines the subject of the literature data

in each period, and the number of iterations and the test for the

optimal number of topics are compatible with the methodology

section. According to the calculation findings, the best number of

themes in the first period is 4, the best number of topics in the

second period is 8, and that in the third period is 12.

TABLE 1 Literature amount in three periods, from 2000 to 2008.

Period Time Number

T1 2000–2008 40

T2 2009–2015 325

T3 2016–2022 3,319

To better display topics and research objects in each period,

based on the trained LDA model, the top 30 core words for

each topic are output, regular expressions are used to extract

target information containing keywords, and topics are refined by

classification. The result is shown in Figure 5.

The concentration of literature on the governance of smart

cities and AI from T1 to T3 has evolved, indicating a shift from

a narrow focus on the management of AI applications toward a

broader range of multidisciplinary topics.

To look in general, from T1 to T3, the concentration of the

literature has expanded, covering a wider range of topics that

reflect the growing complexity of smart city initiatives. In T1,

the concentration was focused on four topics, with the highest

intensity being on the management of AI and its applications

in business and health. In T2, the concentration shifted toward

broader topics that reflected the need for a more comprehensive

and people-centered approach to smart city governance. The

topics with the highest intensity in T2 were innovations in

infrastructure development, cloud-based architecture design, and

environmental monitoring with IoT devices. Finally, in T3,

the concentration of literature expanded even further, covering

topics such as regulatory frameworks for AI, technological

advancements in financial performance, and blockchain technology

for enhancing cybersecurity.

When looking at the information in more detail, the shift in T2

toward topics, such as infrastructure development, sustainability,

stakeholder engagement, and cultural heritage preservation,

highlights the importance of smart city initiatives being people-

centered, environmentally sustainable, and responsive to citizen

needs. These topics underscore the need for a more comprehensive

and collaborative approach to smart city governance, which

considers a broad range of factors and stakeholder interests. In

T3, the concentration of the literature further expanded, covering

topics, such as regulatory frameworks for AI, technological

advancements in financial performance, and blockchain technology

for enhancing cybersecurity. The shift toward sustainability,

citizen participation, and the governance of emerging technologies

underscores the need for smart city governance to be responsive,

inclusive, and ethical.

Overall, the shift in topic concentration over time reflects

a growing recognition of the complexity and multidisciplinary

nature of smart city initiatives. The trend toward broader

topics that incorporate sustainability, stakeholder engagement, and

responsible innovation underscores the importance of smart city

governance being people-centered, environmentally sustainable,

and aligned with societal values and priorities.

Based on these trends, smart city governance requires a

multidisciplinary and collaborative approach that considers a broad

range of factors and stakeholder interests. The expansion of topics

in T2 and T3 reflects a growing recognition of the need for
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FIGURE 5

Topic evolution from T1 to T4.

smart city initiatives to be inclusive, ethical, and responsive to

citizen needs. To achieve these goals, smart city governance should

prioritize sustainability, stakeholder engagement, and responsible

innovation to ensure that smart city initiatives are effective,

efficient, and aligned with societal values and priorities.

5. Conclusion and discussion

New smart technologies and AI technologies have emerged

as promising solution to address various challenges in the

transition toward urban sustainability. They are also widely

identified as a double-edged sword. Therefore, investigating the

general trend and status of the literature would be valuable

to enlighten future research with a focus on the innovation

of urban management methods, management models, and

management concepts. Particularly, emerging technological change

and forecasting require more attention from academia to address

the challenges of social change.

This study conducted a data-driven analysis based on the

NLP method to systematically review the status and evolution

of the policy and governance research in the scope of smart

cities and AI. The results highlighted several emerging fields,

such as “Service transformation”, “Community participation”, and

“Sustainable development goals”, “Open user data”, “Ethics and risk

manages”, and “Data privacy management”.

Concerns have been soaring on privacy management, ethics

and risk management issues related to technological advancement,

and political implications of smart technologies, which have

reflected the rising concerns on the “opposite” edge of the

double-edged sword. However, there has also been fast-growing

literature on how smart technologies and AI could play a

vital role to address urban sustainability challenges, such as

“smart spatial planning and governance”, “smart and resilience to

address the sustainable urban issue”, “smart mobility governance”,

and “environmental impact governance for smart logistics in

cities”, covering the interdisciplinary fields that could provide

solutions to the economic, social, and environmental aspects of

urban sustainability.

The clustering and evolution of the analyzed topics call for

future efforts to address the frontiers of the research field. This

review is expected to enlighten the future research arena of the

field and offers critical policy and governance solutions to urban

sustainability under the smart city and AI era.
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