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ARTICLE INFO ABSTRACT
Keywords: Smart cities have emerged as a promising solution to the problems associated with urbanization.
Smart city However, research that holistically considers diverse stakeholders in smart cities is scarce. This

Quadruple helix study utilizes data from four types of collaborators (academia, public sector, industry, and civil

gzgel:yt:i ds society actors) to identify key topics and suggest research areas for developing smart cities. We
D Ag used latent Dirichlet allocation and Bidirectional Encoder Representations from Transformers for

BERT topic extraction and analysis. The analysis reveals that sustainability and digital platform have
received similar levels of interest from academia, industry, and government, whereas governance,
resource, and green space are less frequently mentioned than technology-related topics. Hype
cycle analysis, which considers public and media expectations, reveals that smart cities experi-
enced rapid growth from 2015 to 2021, but the growth rate has slowed since 2022. This means
that a breakthrough improvement in the current situation is required. Accordingly, we propose
resolving the unbalanced distribution of topic interests among collaborators, especially in the
areas of governance, environment, economy, and healthcare. We expect that our findings will
help researchers, policymakers, and industry stakeholders in understanding which topics are
underdeveloped in their fields and taking active measures for the future development of smart
cities.

1. Introduction

The United Nations recommends that local and national governments strengthen intersectoral collaboration (sharing knowledge,
expertise, technology, and financial resources) to achieve the Sustainable Development Goals [1]. Smart cities are more than so-
phisticated cities with high-level technology. They involve a new approach to using technology to solve various urban problems,
improve the quality of life, and optimize government performance [2,3]. Due to the complexity and variability of smart city initiatives,
collaboration and smart governance within smart cities remain a major challenge for local governments [4]. Smart urban collaboration
involving multiple stakeholders at different levels is a characteristic of recent developments in smart city governance [5]. Specifically,
cross-sectoral collaboration has a dynamic nature, which is determined by the context [6]. Therefore, the success of smart cities
necessitates considering their various stakeholders in planning and decision-making. By exploring the interests of smart city collab-
orators, this study aims to enhance collaboration and ultimately contribute to the development of smart cities. The research questions
are as follows.
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RQ1. What are the main concerns of smart city collaborators?
RQ2. What is the current status of smart cities, and what are the directions for future development?

In this study, data collected from four collaborator sectors (academia, public sector, industry, and civil society actors) of smart cities
were used to identify major themes and suggest research areas for further development. For topic extraction and analysis, latent
dirichlet allocation (LDA), a representative topic modeling technique, and Bidirectional Encoder Representations from Transformers
(BERT), a deep learning technique, were combined to leverage the unique advantages of each. Through LDA, we extracted 20, 13, and
5 topics for papers, patents, and plans, respectively. The extracted topics were matched by paper topics, and their relationships were
analyzed.

Regarding the first research question, sustainability and digital platform were of shared interest among academia, industry, and
government. On the other hand, governance, resource, and green space received less attention than technology-related topics.
Additionally, we examined the characteristics of government plans by classifying them as goals- and means-oriented and analyzed
their relationship with population density, one of the main determinants of urban planning.

In terms of the second research question, the hype cycle analysis revealed that the rapid growth of smart cities began in 2015, but
the growth rate has slowed down slightly since 2022. This means that the present is critical for progress, and a breakthrough is needed.
Therefore, this study proposes resolving the imbalance of interest between collaborators’ topics mentioned in the topic relation matrix.
In particular, the areas that need future attention are governance, environment, economy, and healthcare.

This research aims to provide stakeholders with insights into how smart cities can overcome the challenge associated with this
critical period to achieve the goal of ‘a plateau of productivity’ without a peak of inflated expectations or trough of disillusionment.
Therefore, we identified and suggested future research streams necessary for the development of smart cities. The findings of this study
can assist researchers, policy makers, and industry stakeholders in identifying the topics receiving insufficient attention in their field,
based on which they can take active steps to shape the future development of smart cities. They will also help governments, who are
planning smart cities, to find their own benchmarking models and build and operate cities efficiently under time and resource
constraints.

The remainder of this paper is structured as follows. Section 2 discusses related literature and methodology, including smart cities,
the quadruple helix model, the hype cycle, and LDA and BERT. Section 3 presents the used datasets and describes our methodology.
Section 4 shows the final results of the analysis and we conclude in Section 5. The research flow is shown in Fig. 1.

2. Background
2.1. Smart cities

Smart cities are the most attractive solution to urban problems, but they are difficult to define and categorize due to different
perceptions of smart cities across countries, cities, and sectors [3],[7]. Since the first smart city paper [8], various studies on the
definition, classification, and conceptualization of smart cities have been conducted. The two most cited definitions of smart cities are
as follows. Hall et al. described a smart city as a city that monitors and integrates the status of all major infrastructures to maximize
citizen services through resource optimization, maintenance activity planning, and security monitoring [9]. Lazaroiu and Roscia
defined it as a model of cities that utilizes technology to help people improve their economic and social quality of life [10]. While the
use of technology in cities is a common aspect in the definition, there are differences regarding what is important from an expert’s
perspective.

In terms of categorization, Mora et al. conducted the first bibliometrics study in the field of smart cities by considering related topics
and arguing that much of the knowledge generated was related to technology [11]. Yigitcanlar et al. categorized smart city drivers into
policy (including laws, regulations, and governance environments), community, and technology [12]. However, they explained that
the focus of most of the content has been on the technical aspects. Soomro et al. classified smart city topics into governance, economy,
environment, transportation, and energy through literature analysis [13]. Van der Hoogen et al. identified the components of a smart
city as a smart economy, smart citizens, smart governance, smart environment, smart mobility, and smart living [14]. Lim et al., the
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first to apply machine learning (text mining) to literature analysis, defined three research categories: smart city policies, city tech-
nologies, and smart city services [15]. Kim broadly categorized prior research on smart city structure into infrastructure, data, service,
and device and specified that infrastructure and service provision had been focal in the past, whereas the focus in recent years has been
on big data technology and device development [7]. Sharma et al. also found that much of the information generated in the research
was on technology (e.g., security, connectivity, and decentralization) [16].

The interest in exploring the development of smart cities has persisted, and various literature reviews have been conducted,
including a bibliometric analysis [17] (Table 1). Mora et al. identified five smart city development paths and their underlying strategic
principles through a bibliometric analysis of the research literature [18]. Zheng et al. identified evolutionary patterns and emerging
trends in smart city research to reveal the fundamental knowledge structure, and they highlighted technological innovation accep-
tance, people, urban governance, and sustainable development as important key points [17]. Bajdor and Starostka-Patyk identified
keywords closely related to smart cities through bibliometric analysis and identified key dimensions and domains [19]. Okafor et al.
conducted a bibliometric analysis to identify the relationship between smart city models and social equity to highlight that social
equity is important for realizing smart cities [20]. Okafor et al. also highlighted the scarcity of studies discussing social equity in the
context of smart cities and suggested that social equity policies should be established and implemented to solve the problem of
increasing inequality caused by the technology gap [20]. Qiu et al. identified four urban concepts (sponge, low carbon, resilient, and
inclusive city) that emerged in the 21st century with the rapid increase in the number of papers by analyzing the literature [21].
Moreover, they argued that these concepts are closely related and integrated with smart cities in terms of theory and technology and
should be continuously expanded by integrating other urban concepts to build low-carbon, inclusive, and resilient smart cities.
Through a literature review, van Twist et al. comprehensively analyzed citizens’ dissatisfaction with smart cities (reasons and ex-
pressions and government responses) and identified two perspectives (active and passive discontent) [22]. They noted the importance
of studying citizens who are passive or absent from the smart city debate (the invisible citizen) and explained the need to include
citizens not only as optimistic users of smart technologies but also as political actors with different perspectives in the smart city
debate.

Because each smart city collaborator has different opinions and perspectives depending on the context, it is necessary to sys-
tematically analyze the relationship holistically. Various stakeholder groups (e.g., agendas, expectations, problem-solving styles, and
organizational culture) influence collaborative network dynamics and outcomes [23]. Therefore, further research is needed on the
characteristics of the different actors that collaborate and how the collaboration composition changes across project phases [24].
However, comprehensive summaries examining each actor in a smart city are lacking, especially the interests of collaborators.
Therefore, we based this research on the premise that an in-depth analysis and understanding of collaborators can facilitate a suc-
cessful smart city transition. This study aims to suggest the direction of future smart cities by extracting topics from each field and
connecting them to determine the interrelationships and gaps between them. This study is novel, as it identifies and interprets trends in
key smart city interests across four collaborators.

2.1.1. Smart city planning

Smart city development strategies can be found globally, and there have been many studies analyzing the design and imple-
mentation process [25]. The goals, types, and approaches to smart city development vary widely [26]. Komninos et al. stated that
smart city planning is neither detailed nor rigid; in contrast, it is an evolutionary process in which multiple organizations interact with
each other to create a city under uncertainty [27]. Factors that influence smart city strategies also vary from geography to population
density and related issues (e.g., traffic congestion and air pollution) [28].

Urban planning is characterized by high uncertainty, complexity, and subjectivity, which requires tacit and specialized knowledge.
However, this makes it difficult for stakeholders to obtain clear and explicit knowledge [29]. Thus, an approach that can help them
retrieve and find the right information for decision-making is needed [30]. To resolve ambiguities related to smart city planning, it is
important to collect, organize, and share knowledge based on actual plans, which can be used to support decision-making for urban
planning and implementation [25]. Therefore, this study conducts a topic analysis of government planning and related literature and
provides guidelines for cities that governments can benchmark and areas that need further research.

Table 1
Comparison of previous literature reviews.

Article  Research objectives Findings

[17] To explore the evolution of the disciplines engaged in smart city research ~ ICT and urban planning field are the two pivotal axes in promoting SC
and reveal the development paths and research topics development. People and governance have received increasing interest.

[18] To analyze the development paths of smart cities, making them visibleand  The analysis revealed five main development paths (experimental,
understandable ubiquitous, corporate, European, and holistic).

[19] To examine what areas related to the smart city concept are the most The most critical areas and research trends include urbanization,
valuable and stimulating their implementation sustainable development, city, technology, and Internet of Things.

[20] To assess the current research focus on social equity in relation to smart Most of the studies did not focus on social equity. The nine determinants of
city development social equity were obtained.

[21] To explore the origins and definitions of five urban concepts (smart, The four city concepts are conceptually or technically related to the smart
resilient, low-carbon, sponge, and inclusive cities) and the correlation city. Smart cities acquire and absorb more advanced models from other
between smart cities and the other four city concepts urban concepts to enrich themselves.

[22] To review academic research addressing citizen discontent with the smart ~ Two perspectives on citizens’ discontent are identified: active and passive

city

discontent
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2.1.2. Smart city collaboration

Complex challenges in science and business have led to numerous organizations collaborating in networks [31]. Numerous network
types that differ in their diversity and number of stakeholders exist [23]. Organizational theory interprets cross-sector collaboration as
a dynamic process whose composition changes over time [6]. Partnerships are crucial in smart city transitions, which are a collab-
orative process [32], and rely on dynamic and complex multistakeholder collaboration [33]. Dolmans et al. called for collaborative
models for smart city development that consider the context-specific nature of collaboration, the complexity of reality, and the dy-
namic nature of collaboration while emphasizing the evolving nature of collaboration (dynamic shifts in stakeholder configurations,
relationships, and interests) [34]. White and Burger also introduced a framework for smart city development and demonstrated that
the configuration is not fixed, changing instead with context and time [35]. Collaborative dynamics is one of the most relevant factors
in smart cities [36], but much of it is still unknown [37]. Specifically, Thabit and Mora determined that common collaboration models
do not adequately account for the complexity of real-world cases [24]. The functioning of a collaborative ecosystem depends on its
economic and political aspects and multilevel configuration [24]. Each phase of a smart city (design, implementation, and mainte-
nance) has different characteristics [38], and the composition of collaborating actors should also change accordingly [24]. Because
different types of partnerships are needed depending on the local characteristics and context of the city [24], researchers should take a
flexible approach to collaboration-related research.

Moreover, the body of research on citizens as collaborators is growing. Spicer et al. introduced a resident perspective to smart city
performance evaluation to analyze the extent to which smart city design and technology adoption meet residents’ needs and pref-
erences [39]. Spicer et al. also observed a mismatch between the types of projects cities are pursuing and resident preferences and
indicated the need for broader and deeper community engagement [39]. Ruijer et al. demonstrated that although the number of tools
for smart governance is increasing, only a few are available to citizens and NGOs [33].

The collaborative governance literature emphasizes that stakeholders may have different or similar interests, goals, and expec-
tations [33]. This can lead to conflict in collaboration [36]. However, information on how to properly organize cross-sector part-
nerships in smart city projects is limited [5]. Thabit and Mora stated the importance of focusing on how the collaboration is
implemented and the capabilities of the participants rather than the types of actors involved in the collaboration [24]. By analyzing
what stakeholders are interested in, the capabilities and expectations of actors and how collaboration works can be directly and
indirectly understood. Therefore, this study aims to improve the understanding of cross-sectoral collaboration in the smart city context
by analyzing the interests of each collaborator in depth.

2.1.3. Population density

A variety of socioeconomic and political factors influence city categorization [40]. Increasing population density is a useful urban
planning means to control urban sprawl and protect valuable land from development [41]. However, excessively high density is a
problem for urban development because it can increase congestion-related problems in physical infrastructure (e.g., energy distri-
bution and transportation) [28].

Population density is an important dimension for assessing trends in smart cities [42]. Population density has a positive impact on
smart city transformation readiness [43] and on hard domains (e.g., energy grids, public lighting, waste management), including
transportation and mobility, and buildings [28]. Financial requirements are also important in determining the roadmaps for high-tech
urban development [26]. The implementation of smart city initiatives requires budget and resources [43], and high population density
can contribute to the affordability of smart city investments [44]. Moreover, high population density has benefits for creating more
vibrant, innovative, and sustainable communities [43] and the potential to increase knowledge sharing and innovation [45].
Consequently, increased innovation can contribute to smart city readiness [46]. For this reason, this study examines the relationship
between population density and smart city plans.

2.2. Quadruple helix model

Because cities are living organisms in which human activities occur, a comprehensive multidisciplinary approach that considers the
perspectives of different actors and the environment is needed [3]. However, because each actor has a different perspective, a holistic
framework that can bring them together is necessary. The quadruple helix model (QH) is well-suited to efforts to consider both social
and technological contexts, such as smart cities, because it can explain how social innovation is fostered and the role of communities
[47,48]. QH categorizes collaborators as academia (university), public sector (government), industry, and civil society actors [49].
Notably, Paskaleva et al. proposed a framework for engaging all smart city stakeholders by applying the QH innovation approach to
smart city impact assessment [50].

Hybrid organizations are increasingly emerging at the intersection of sectors [24]. Furthermore, even actors in the same sector can
have different positions depending on the political and economic context [51]. The adoption of a particular model (e.g., triple- or
quadruple-helix collaborative models) does not necessarily impact the public value of a smart city project [52]. However, exploring the
interests of each collaborator based on QH is helpful for smart city planning and operation. Furthermore, because the QH approach
varies depending on the type of innovation and its stage of development and guidance on how it should be implemented and managed
by different stakeholders is scarce [32], a deep analytical study of each stakeholder is needed to develop the relevant details. Moreover,
identifying a study in the literature that systematically analyzes the topic by simultaneously considering various smart city collabo-
rators is difficult. Therefore, this study applied QH as a framework for simultaneously considering collaborators. Data from each actor
were collected and integrated to explore different domains. This allows us to examine the interests of academia, industry, government,
and civil society in the topic of smart cities and the progress of each.
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2.3. Hype cycle

The hype cycle concept, introduced by Gartner in 1995, focuses on the dynamics of expectations in technological innovations [53].
Hype is caused by a surge in shared positive expectations or the social acceptance of rhetorical justifications [54]. It is used to study
innovation processes, and understanding hype patterns can help collaborators improve their ability to respond to hype [55]. The
emergence of technology can be understood from the perspective of the five stages of the hype cycle [56]: technology trigger, where a
technological innovation and product launch receive significant media attention; peak of inflated expectations, a phase of excessive
enthusiasm; trough of disillusionment, where the technology fails to meet expectations and media attention declines; slope of
enlightenment, where experimentation with the practical application of the technology takes place; and plateau of productivity, where
the benefits of the technology are demonstrated and accepted [27]. In other words, emerging technologies initially go through a phase
of increased expectation, followed by a trough of disillusionment, and then a plateau of productivity [55]. The cycle is illustrated in
Fig. 2. Shi and Herniman argued that high positive expectations in the early stages of the cycle were more likely to be associated with
emotional expectations [53], whereas subsequent drops in expectation were associated with “emotional expectation decreases” and
“logical expectation increases.” The convergence field of the smart city simultaneously involves various fields, but technology is at its
center. In addition, a timely introduction of emerging technologies is crucial. Accordingly, we discuss the current status of smart cities
based on the hype cycle concept and suggest solutions and future directions.

2.4. LDA and BERT

Topic analysis is useful for identifying emerging topics, hot spots, and knowledge transfer in scientific domains [57]. Various
approaches to topic extraction exist, but a recently popular method involves applying topic modeling to the collected publications
[58]. Notably, LDA is the most widely used topic modeling method [3,59], and it has been frequently used to identify topics in
academia [60]. The number of topics is an important parameter in LDA for obtaining reliable results, and increasing this number tends
to increase the predictive power of the model, but it decreases the semantic consistency [61]. Researchers generally make qualitative
decisions [3], trying different numbers of topics and analyzing them together with related words. LDA has been actively applied in the
field of smart cities [3]. For instance, Sharma et al. applied LDA to smart city IoT-related articles to perform topic modeling analysis
and extracted 10 topics [16]. Kim et al. used dynamic topic model, an extended LDA concept, to build a classification model for citizen
opinions regarding smart cities [2]. Kim and Kim used LDA to group patents and categorize smart city-related technologies [62]. Oh
et al. extracted six topics from the research literature related to smart cities and COVID-19 and proposed the development direction of
smart cities in the postpandemic era [3].

Topic modeling is commonly utilized for topic analysis [58]. However, LDA is limited by its focus on keyword analysis without
considering the context in which keywords appear. Therefore, BERT, which considers contextual information as well, is increasingly
being used [60]. BERT is a natural language processing model that Google trained on 3.3 billion words from the Internet [63]. BERT
efficiently processes large corpora and ensures accuracy and efficiency in text classification tasks [64]. Text classification is the
assignment of text to multiple categories, and topic classification, which is the subject of this paper, is one of its subfields [65].
Khadhraoui et al. used a pretrained language model (PLM) to design a model to multiclassify patents and found that among several
PLMs (ELMo, OpenAl GPT, and BERT), BERT was the most suitable [66]. Li et al. pointed out that the classification of a vast and diverse
set of policies is mainly performed manually, which is neither objective, reproducible, nor efficient, so they proposed a BERT-based
model [64]. Saheb et al. combined three algorithms (clustering, LDA, and BERT) to extract eight academic topics (such as conver-
gent IoT and AI for smart city development) on sustainable Al in the energy sector to compensate for the shortcomings of existing topic
modeling approaches [60].

Manual categorization of various research materials (e.g., web and datasets) by researchers is not only time-consuming and energy-
intensive but also increasingly infeasible in the era of big data [65]. However, there are not many studies on topic analysis using PLMs
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Fig. 2. Gartner hype cycle [55].
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[58]. Therefore, in this study, a BERT model was fine-tuned using a corpus of smart city papers and applied to plan and patent topic
classification. With this approach, BERT can learn the smart city context and achieve high-performance classification with its language
processing capabilities. To the best of our knowledge, this paper is the first study to combine LDA and BERT for use in a varied text
corpus for a smart city topic analysis task. We developed a topic analysis method for smart city-related text data and examined the
hidden relationship between each collaborator’s interest.

3. Method
3.1. Data collection plan

Duwe et al. studied innovative technologies and explained that patents and publications can be used on the technology side, and
Google Trends data can be used on the market side [67]. Google Trends is the most widely used tool for behavioral analysis using
web-based data [68] and provides relative search volumes regarding how often certain search terms are entered compared to others
[69]. Search traffic is highly correlated with social phenomena because internet searches immediately reflect users’ needs and interests
[70]. Google Trends data provide important information for forecasting macroeconomic variables [71] and can be used to analyze
public interest in policies [72]. Therefore, many studies have been conducted in the economic and policy fields that use Google trends
data to understand people and society and predict behavior [70]. Regarding civil society in the study of smart cities, an emotional
analysis using social network service data was performed to analyze public interest [73], and Kim et al. identified public needs by
analyzing civic query data for a city [2]. However, quantitative analysis using Google Trends has rarely been performed. Therefore,
this study uses publications, patents, plans, and Google Trends search volume to represent academia, industry, the public sector, and
data, respectively, to analyze civil society.

3.2. Topic classification model

To systematically compare and analyze the differences in collaborators’ interests, we conducted LDA on the academic literature
with the largest number of data points to extract topics and set them as a baseline topic list. Using the academic literature text data and
extracted topics as training data, we trained the BERT model as a topic classification model and used it to classify the other two data
types (patents and plans) based on the academic literature topics. Topics can be extracted through LDA by simultaneously using
academic literature, patents, and plans as data. However, due to the characteristics of each text corpus, each data type may be rep-
resented as a single topic, and it may not be possible to analyze the similarities and differences in interest among collaborators. The
BERT-classification model, trained on academic literature, allows topics in each field to be extracted with consistent criteria and what
stakeholders are interested in to be compared.

The methodology consists of two main steps. Fig. 3 shows the overall steps, where the bottom is step 1 and the top is step 2. In the
first step, we built a topic classification model to classify the topics of the smart city-related corpus. Manually categorizing each text

Step2: Topic relation matrix creation
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Fig. 3. Research method framework.
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when heterogeneity exists in the data collected from different sources is difficult [65]. Therefore, we used LDA and BERT models to
classify the smart city-related corpus. First, LDA was applied to the text data of research papers, patents, and plans to extract each topic
(typeA). Second, we fine-tuned BERT using paper topics and text to create a topic classification model. For fine-tuning, we used the
BERT-base-cased model of Hugging Face. Third, we extracted the typeB topic again by inputting the text data of patents and plans into
the created classification model.

3.3. Topic relation matrix

In the second step, we matched the paper topics, patent topics (typeA and typeB), and plan topics (typeA and typeB) extracted in the
first step before finally generating a topic relation matrix comprising the topics and their relations. Fig. 4 shows how the topics of
papers, patents, and plans are matched. For example, when the text of Patent i was classified using LDA with patent corpus, topic 12
(typeA) was extracted, and when topic classification was performed using BERT-based topic classification model trained on the paper
corpus, topic 17 (typeB) was extracted. In this case, patent topic 12 can be explained as being related to paper topic 17. Accordingly, we
counted the connections between the entire patent (or plan) topics and the paper topics, aligned the plan and patent topics based on the
paper topics, and finally generated a topic relation matrix.

4. Results
4.1. Data collection

Table 2 summarizes the data collected based on QH. Because Google Trends data have been available since 2004 (Jun et al., 2018),
we collected monthly data from 2004 to September 2023. Academic data were retrieved from Web of Science papers (search string =
"smart city" or "smart cities" (Title) or "smart city" or "smart cities" (Abstract) and Article (Document Types) and English (Languages)). A total
of 10,400 papers were collected, and 9401 papers were finally selected after excluding papers without abstracts and irrelevant papers.
For industry data, we searched Google Patents (search string = “TAC=("smart city" OR "smart cities") language:ENGLISH”) and collected
8519 patents. We only included granted patents, resulting in a final dataset of 3846 patents. Government data were collected from
smart city plans (including master plan, roadmap, blueprint, and strategy) published by the government or related official websites
(including official organizations). The cities for collecting government plans were initially selected from the world’s top 50 smart cities
[74], as cited by Ref. [7]. However, many city plans could not be found because the language was limited to English, and most plans
were not publicly available. Therefore, we also included smart city-related plans searched on Google. Accordingly, we collected
government descriptions for 51 cities. The number of countries and cities collected are listed in Table 3. The maximum length of a
single text allowed by the BERT model is 512 [63], so the full text of the plan could not be used as model input. Therefore, we manually
excerpted the parts that summarized the entire plan (such as the summary and introduction). The collected texts were preprocessed
(including through lowercasing, tokenization, cleaning, and lemmatization) [3,65]. For the paper corpus, we split 90 % of the total
data into training sets and 10 % into test sets for fine-tuning the BERT model.
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Fig. 4. Example of patent topic extraction and matching.
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Table 2
Collected data sets.
Dimensions Data Source
Civil society actors Search volume (monthly) (2004-2023) Google Trends
Academia Title & abstract of 9401 papers (1999-2023) Web of Science
Industry Title & abstract of 3846 granted patents (2008-2023) Google Patents
Government Summary from 51 city plans Government website
Table 3
Number of countries and cities.
Europe Asia North America Oceania
Country Cities Country Cities Country Cities Country Cities
Austria 1 China 1 Canada 3 Australia 12
Czech Republic 1 Israel 1 USA 6 New Zealand 1
Denmark 2 Malaysia 2
Finland 2 Singapore 1
France 1 South Korea 3
Germany 2 Taiwan 1
Iceland 1 UAE 1
Italy 1
Netherlands 1
Norway 2
Sweden 1
Switzerland 2
2

United Kingdom

4.2. Google Trends

The term smart city has been confused with various terms (e.g., creative, intelligent, knowledge, digital, sustainable, and ubiq-
uitous city) [12]. Therefore, in this study, we compared the Google search volume of related words, and the results are shown in Fig. 5.
Google sets the maximum search volume for a query to 100 and provides the relative search volume tracked over the entire period
[70]. Over the past decade, “smart city” has been the dominant search term, with other terms having a very small share. This suggests
that the public is most familiar with and interested in the term. Table 4 lists the changes in search volume for each word over time. The
graphs for “smart,” “knowledge,” and “sustainable city” show an overall upward trend, whereas “digital,” “intelligent,” “ubiquitous,”
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Fig. 5. Search volume comparison between smart city and six related words.
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and “creative city” exhibit a decrease in search volume.

4.3. Topics extraction

Using LDA, we extracted 20, 13, and 5 topics for papers, patents, and plans, respectively. Table 5 lists the extraction results for each
type of data (a number is randomly assigned by the LDA model and has no meaning). Regarding papers, topics in various fields, such as
governance, security and privacy, and mobility, were extracted. The results of categorizing the extracted topics based on six areas of
smart cities [75] are listed in Table 6. Consistent with previous research, topics related to smart mobility (e.g., fog and edge computing,
object detection, blockchain, sensors, [0T, and attack detection) were the most common, followed by smart environment and smart
living. In contrast, no paper topics were related to smart economy and smart people, and they were underrepresented in patents and
plans. These two areas have a real impact on city residents, so it is necessary to actively research and develop solutions in the future. In
the patent corpus, topics such as computing, detection, and transportation emerged. Regarding plans, topics that consider livability
and sustainability, which are related to the quality of life of urban residents, were extracted. The research topic of smart city services
has been popular over the past decade [42], and it has been extracted as a topic of interest in government plans.

4.4. Topic classification model creation

We fine-tuned the BERT model using the text of the articles and 20 paper topics. We used the default hyperparameters and set the
training epoch to six. We used accuracy, F1 score, precision, and recall as metrics, calculated using TP (the positive class correctly
predicted by the models), FP (the positive class incorrectly predicted by the models), TN (the false class correctly predicted by the
models), and FN (the false class incorrectly predicted by the models) values [65]. On average, the metric scores were approximately 82
%, so we categorized the classification result as significant. Therefore, we used the model to extract the typeB topics of patents and
plans in the next step. The detailed evaluation results are listed in Table 7.

4.5. Topic relation matrix creation

We extracted the topics on patents and plans (typeB) using the topic classification model fine-tuned with the topics and corpus from
papers. The two types of topics (typeA, typeB) of patents and plans were matched to finally fill the topic relation matrix based on paper
topics. The results are shown in Fig. 6 and are sorted by the number of articles in each topic.

Sustainability and digital platform were covered in all three types of datasets, meaning they are of interest to academia, industry,
and government. Specifically, sustainability was related to all five plan topics. Plans were mostly related to the future and service, such
as sustainability and digital platforms, whereas patents were mostly matched to technology-related research areas. Governance,
resource, and green space continue to be of interest in academia but are relatively under-represented compared to technology-related
topics in academia, industry, and government. The lower the research publication volume, the fewer the patents and plans, suggesting
that research interests are aligned with patents and plans. The fields behind the topics of IoT, traffic, and sensors are being driven by
industry. For example, the topic “sensor” was highly related to patent topic 6, namely street lamp. “Sensor” was the second most
researched topic in academia, and many sensor-related lamp patents are filed in the industry.

The topics of “security and privacy” were of interest to both academia and industry, but their share was relatively small. In
particular, this topic has received relatively little attention in the plan topic classification, which aligns with the results of [76], who
analyzed the characteristics of 15 smart city plans and found that most strategies vaguely address security and privacy issues. Privacy
and security issues have been studied in the literature on open and data-based innovation, but they need further exploration in the
context of smart city transformation [32]. Information exposure and damage to individuals and organizations is an important issue to
be addressed in smart city planning and implementation [77], and further research and attention are needed in this area.

Moreover, the inclusion of a participatory approach (i.e., governance) by citizens and companies is important, but many city
strategies do not address it in detail. Citizen participation is a major goal of smart city strategies, but the process of empowering citizens
is not simple [76], so developing the governance field is deemed slower in terms of practical aspects compared to other topics.

Table 4

Google Trends results of smart city and six related words.
City concepts Google Trends index Growth rate (%) [2004-2023]

2004 2014 2023

Smart city 25.08 41.08 79.00 214.95
Knowledge city 43.08 47.17 92.67 115.09
Sustainable city 62.42 45.42 82.00 31.38
Intelligent city 42.92 18.83 26.22 —38.90
Creative city 68.67 34.42 24.22 —64.72
Ubiquitous city 28.42 7.17 6.89 —75.76
Digital city 81.00 11.67 11.44 —85.87
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Table 5

Topics and related words.
No Paper topics (20) Patent topics (13) Plan topics (5)
1 governance cloud server sustainable
2 fog computing video monitoring service
3 security & privacy road technology
4 mobility traffic management livable
5 resource vehicle solution
6 energy street lamp
7 waste information
8 object detection water
9 digital platform IoT terminal
10 region target detection
11 blockchain electronic circuit
12 healthcare resource
13 parking energy
14 sensor
15 IoT
16 traffic
17 sustainability
18 edge computing
19 attack detection
20 green space

Table 6

Paper topics and six characteristics of smart cities.

Six characteristics Paper topics

Smart economy (competitiveness) -
Smart people (social and human -
capital)
Smart governance (participation) Governance
Smart mobility (transport and ICT) Fog computing, security & privacy, mobility, object detection, digital platform, blockchain, parking, sensor, IoT, traffic,
edge computing, attack detection

Smart environment (natural Resource, energy, waste, sustainability
resources)
Smart living (quality of life) Region, healthcare, green space
Table 7
Classification model performance results.
Metric Formula Value (%)
Accuracy (TP + TN)/(TP + TN + FP + FN) 82.18
F1 Score 2(Precision) (Recall)/(Precision + Recall) 81.82
Precision TP/(TP + FP) 82.24
Recall TP/(TP + FN) 82.18

4.5.1. Uncharted territory in smart cities

The overall analysis revealed a gap in the development of sustainability and governance topics, even though they have a significant
impact on building and maintaining smart cities. Moreover, when considering the six indicators of a smart city (i.e., smart economy,
smart people, smart governance, smart mobility, smart environment, and smart living) [75], differences in preference for each
stakeholder were observed. For example, economy was not extracted, as major research topics and healthcare (smart living) received
relatively little attention in all three sectors. These topics mentioned so far represent the uncharted territory of research and practice
that [12] refer to, and each collaborator should strive to close this gap in the future. Active support and development efforts seem
necessary, especially in areas with large gaps. Governance, environment, economy, and health are further explored in the context of
smart cities.

Smart governance Smart governance can be defined as the ability of governments to make good decisions using a combination of
ICT-based tools and collaborative governance [78]. Mora et al. reviewed the governance of smart city transition from an innovation
management perspective and found that the governance mechanism evolves based on three dimensions: institutional context for urban
innovation, urban innovation ecosystem, and urban digital innovation [32]. Scott and Thomas characterized collaborative governance
as a set of strategic tools for achieving policy goals [79]. Using an instrumental lens, Ruijer et al. also argued that tools (e.g., checklists,
guidelines, and templates) can be helpful in addressing smart governance challenges and conceptualized smart governance as a
toolbox [33].

The smart governance literature emphasizes the importance of multi-stakeholder collaboration for the successful implementation

10



J. Lim and J. Hwang Heliyon 10 (2024) 30367

Paper Topic Patent_Topic Plan_Topic
Rank Name 1 2 3 4 5 6 7 8 9 10 11 12 13] 1 2 3 4 5
1 sustainability 3 18 5 6 8 4
2 IoT 6 2 1 3 2121 140 - 97 13 106

3 traffic 1 9 19 43 31527 7 S5 3 86 1

4 waste 1 2 8 14 285 8 4229 1

5 edge computing 12 2 14 9 157 3 1 1 8 1 4

6 energy 7 2 267 2 8 32 1 1 12 1

7 blockchain 1 1 7 3 5 6

8 digital platform 2 19 75 1 2 1 34 2 2 1s
9 sensor &)l 539 5 7 1 43 4 1 1

10 object detection 1 1 17 15

11 governance

12 security & privacy 1

13 mobility

14 parking

15 resource

16 green space

17 attack detection

18 healthcare

19 region

20 fog computing

Fig. 6. Smart city topic relation matrix.

of smart city strategies and practices [80]. However, smart governance is highly complex, as it involves a wide range of collaborator
groups [37]. The academic literature has focused on smart governance processes and stakeholders, but the ways of gaining support
from management and the political sphere [33] has not been sufficiently explored. Furthermore, governance is the area that the public
perceives as the least smart in smart cities. Therefore, improvements in transparency and accountability are required, and related
research is needed [39].

Smart environment Due to the unprecedented levels of urbanization and associated human activities, the role of sustainability in
urban planning and development remains focal [17]. Various technologies developed during smart city construction can not only
improve energy use efficiency but also enhance the pollution prevention capabilities of enterprises and provide new growth engines for
the green development of the economy [81]. Guo et al. explained that the construction of smart cities improves the energy efficiency of
cities, contributing to energy conservation and reducing per capita CO, emissions [82]. The construction of smart cities has a positive
impact on the upgrading of the industrial structure, the development of pollution reduction technologies, and the increase in green
areas, which ultimately reduces environmental pollution [83]. Liu et al. empirically observed that the construction of smart cities has a
significant impact on promoting green economic development [84]. However, although the link between smart city construction and
environmental pollution has been hypothesized in some studies, analytical studies supported by empirical evidence are lacking [84,
85].

Smart economy One of the main challenges of smart city development is financial resources, and economic stability is necessary for
the long-term growth of smart cities [86]. The smart economy concept is a synergy of computer science, social science, engineering,
and business that has the potential to contribute to business development, entrepreneurship, economic growth, and environmental
protection [87]. Countries are increasingly using smart cities as a framework for sustainable smart economies [88]. Economic-based
smart city evolutionary pathways are becoming increasingly important, but the corresponding academic research is scarce [89] and
limited to a few countries and sectors [87]. Specifically, when to prioritize economic benefits during the development stage of the
smart city ecosystem should be considered [86].

Smart health Improvements in human health have increasingly been recognized as a co-benefit of urban planning [90]. Urban
infrastructure is an important determinant of population health and health equity [91]. While smart city strategies and digital
technologies have the potential to improve urban life, for example by improving public health, obstacles, such as data concerns and
large population participation exist [92]. Therefore, real-world smart city examples that explicitly address human health and related
governance are rare [92]. In other words, smart cities can contribute to improving the health and well-being of citizens, but relevant
empirical research is lacking [93]. Specifically, little is known about the potential of smart city interventions to improve the health and
well-being of racial, ethnic, cultural, linguistic, and religious minority groups [91].

A wide range of research in the four areas mentioned above is available, but much of it is conceptual or hypothesis-driven.
Moreover, research has concentrated on a few countries and sectors. Specifically, empirical analysis is lacking, so it is necessary to
compensate for this by analyzing tangible results and communicating them to the public.
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Table 8
Countries divided into paper and plan topics.
Continent Goals Means
Livable Sustainable Service Technology Solution
Asia Malaysia, South Israel, Singapore, South Korea, UAE China, Malaysia, South Korea
Korea Taiwan,
North Canada, USA (2) Canada, USA Canada, USA (2) USA
America
Oceania Australia (2), New Zealand, Australia Australia (6) Australia (4) Australia
Europe Austria, Czech Republic, Denmark, Germany Iceland, Netherlands, Switzerland, Finland, France, Germany, Italy, Norway Denmark,
UK(2) Norway Switzerland,
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4.5.2. Classification of smart city plans

Table 8 lists the plan classification results by plan_topic. The criteria for classifying smart cities can be broadly categorized into
goals-based, means-based, or a combination of the two [94]. Of the five extracted plan topics, sustainable and livable can be grouped as
goals-oriented, and service, technology, and solution as means-oriented. Smart city initiatives and programs can have different models
and templates in response to local characteristics and opportunities [28,40,94]. Therefore, even in the same country, the focus of the
plans differs because each government develops a plan that fits the nature of the city. Mora and Deakin analyzed smart cities in Europe
that were considered successful and found that Vienna (Austria) and Amsterdam (Netherlands) were concerned with low-carbon,
energy-efficient urban environments, that is, sustainability (goals-oriented), whereas Helsinki (Finland) focused on improving the
convenience and accessibility of practical services (means-oriented) [25].

Goals-oriented. Livability is an important factor to consider when applying technology in the urban context, as cities cannot exist
without inhabitants [95]. Livability includes the basic conditions that enable citizens to lead a dignified life, including physical and
mental well-being [96].

Interestingly, many European countries focus on being livable, whereas Asian countries focus on service and technology. According
to Ref. [97], southeast Asia uses smart cities to revitalize the economy and establish national identity through technological inno-
vation, whereas European countries adopt them to improve the quality of life and pursue sustainable cities. To some extent, this trend
is reflected in the results of this study. Tang et al. argued that while smart city strategies have become localized and diverse, national
governments and regional groups, such as the European Union, set their own governmental guidelines, which can lead to archetypes
[94]. European smart cities are focusing on developing platforms that allow residents to engage in innovative discussions [40].
Amsterdam is a representative smart city adopting the European trend [25], it values community-based proposals for improving
livability, and has clear strategic goals for sustainability (e.g., cut emissions by 40 % by 2025) [98]. Furthermore, Amsterdam has not
focused on technology in its smart city approach but rather on improving the quality of life of residents through living labs [97]. This is
supported by the qualitative analysis from previous studies that revealed that Amsterdam and Vienna have taken similar approaches in
the European context in the design and implementation of their smart city development strategies [25].

However, as listed in Table 8, the previous classification of smart city plans by country or continent has its limitations because even
in the same country, plans may have different objectives depending on regional characteristics and local government goals. The results
of this study reveal how countries approach smart cities from different perspectives.

Means-oriented Tang et al. classified cities such as Singapore and Dubai (UAE) into a group of cities with high population density
and the advantage of high technology, and their model aimed to provide improved services using ICT [94]. Other cities with similar
characteristics include Tel Aviv (Israel) and Seoul (South Korea). Singapore has promoted a bottom-up initiative to create solutions by
fostering relationships between public agencies, industry partners, and residents [40], and the country has been categorized in the
‘service’ category. Noori et al. analyzed the development patterns of four smart cities (Amsterdam, Barcelona, Masdar, and Dubai)
using an input-output model and observed that Dubai is focusing on the service aspect with significant efforts in the area of smart
healthcare [26]. Tel Aviv is also a technology-driven city that provides its residents with personalized information and services and
seeks to digitize their lifestyles [40]. San Francisco (USA), home to many Internet-based companies, is also a global setter in urban
technology initiatives, implementing a variety of technology-enabled application services [97]. A comparison between prior studies
and this study reveals that the latter replicates previous qualitative classifications in a relatively simple way.

4.5.3. Relationship between population density and plans

Population density data were collected from OECD statistics, UN, and government websites as of 2022 (2021 if 2022 data were not
publicly available). First, for OECD countries, only cities categorized into small regions (TL3) were considered to evaluate the city
territory level (country, large, and small regions). Second, data were collected from the UN data portal and official government

w
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Fig. 7. Population density of cities and plan classification.
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websites to ensure at least one city from each of the 26 countries in the initial samples. The final number of cities in the collected
population density data was 35.

Fig. 7 shows that smart city plans are divided into goals-oriented and means-oriented categories. When the density was low, city
plans were evenly distributed in both groups, but when the density was much higher than average, more means-oriented plans were
observed. This is attributable to the demand for practical problem-solving using services and technologies being relatively high when
the population density increases. In the case of Seoul, which has the highest population density among the analyzed cities, many urban
problems began to arise along with rapid economic growth, and smart cities emerged as practical solutions to improve basic services
[99]. Moreover, higher population density may increase the likelihood that citizens will engage in action on service needs.

London and New York, with their goal-oriented nature despite their high population density, have strengths in human capital and
technology (ranked first and second in the Global Power City Index (GPI) [100,101]. The GPI ranks cities based on their overall
strength in attracting people, capital, and businesses from around the world, which means that London and New York both have an
economic competitive advantage over other cities [102]. Notably, London and New York are both managed with a marketist and
capitalist approach [102]. However, despite their many strengths, they are limited by weak social cohesion [101]. London and New
York are characterized by a diverse population of different races, ages, and income levels [103], and urban planning is influenced by
these attributes [104]. The focus on livability in the two smart city plans may reflect citizens’ desire to increase social inclusion, reduce
concerns about risk and security, and ultimately improve their quality of life. For example, New York’s smart city policies are based on
a broader perspective, including education, housing, democracy, and human rights [105], with projects focused on improving human
quality of life [102]. Fig. 8 shows a quadrant graph that combines the characteristics of smart city planning with population density.
These results can assist government officials in preparing a smart city plan to compare their current situation with the benchmark
cities, thus guiding them in their investment options.

4.6. Current status and future directions of smart cities

We examined the current status of smart cities based on the hype cycle and identified the future development direction. We
measured expectations in each field based on the number of papers, patent applications, and search volume. Typically, quantitative
data should be combined with qualitative assessments (positive or negative). However, many previous studies have demonstrated
through sentiment analyses of smart city-related texts that interest is mostly positive [73]. In this study, therefore, we conducted the
analysis using quantitative data.

Fig. 9 shows the number of patents, papers, and Google search volume by year. As of 2015, the interest of academia, industry, and
the public had increased drastically, indicating the beginning of the growth trend of smart cities. The hype cycle indicated that period 1
in the figure corresponds to the technology trigger. With the rapid progress of urbanization and the growing awareness on climate
change and urban infrastructure issues, smart cities have begun to be considered as future cities [77]. In addition, the development of
big data and artificial intelligence technologies has the potential to support smart cities. This high potential has increased investment
in smart city projects by governments and companies. However, since 2022, the growth rate of public interest and research has slowed
slightly, and the number of related patent applications has declined. This may primarily be attributed to the actual performance not
meeting people’s expectations. The obstacles include complex regulatory and policy issues, project delays due to difficulties in
adopting technologies, government and city budget constraints, and the global financial crisis. As Shi and Herniman note, even if no
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substantive outcomes in the early stages exist, this absence can lead to a rapid increase in expectations based on increased emotional
expectations [53]. However, the influence of emotional expectations decreases, and the importance of logical expectations increases
over time. Therefore, if smart cities do not achieve tangible results, people’s expectations will decrease.

4.6.1. Breakthroughs for the development of smart cities

A breakthrough is needed for the development of smart cities to move from a technology trigger to a plateau of productivity rather
than a trough of disillusionment (Fig. 9). This study proposes resolving the imbalance in the development distribution of academia,
industry, and government as a solution. According to the topic relation matrix, the top topics in academia are mainly related to
technology. Although various technologies are being developed in the industry, the focus is on IoT, traffic, and sensor topics, and
patents for sustainability and governance technologies have been relatively scarce. The main plan topics were sustainability and digital
platform. However, because the plans searchable on the Internet are mainly general, many of them are seemingly more branding-than
implementation-oriented to attract the attention of citizens and stakeholders. In particular, since sustainability can be used as a general
term for environmental responsibility, its actual incorporation into the plan needs to be confirmed by the presence of specific de-
scriptions such as environmental goals, biodiversity, and water poverty [106].

An open and inclusive process is needed in terms of consensus building in partnership formation, as collaborators may have
different goals and interests [107]. Consequently, the key issue is related to delivering the value that all collaborators expect [86]. We
propose that the social aspect of smart cities should be emphasized to improve the interest and participation of residents.

The smart city approach has been criticized for its lack of focus on social aspects [108]. Social sustainability has received less
attention than environmental sustainability, although it is closely related to smart cities [97]. Smart city residents and communities are
interested in social diversity, which is linked to social sustainability [86]. The smartization of cities does not always require expensive,
high-tech solutions; it can be implemented through readily available and relatively unsophisticated applications [109]. Therefore, the
starting point for smart cities should be a social problem, not the narrow goal of technology diffusion [110], and the agenda should be
demand-driven, that is, focused on the needs of residents [111]. While the number of societal sectors included in a smart city project
cannot be considered a prerequisite for success [24], the presence of local actors with regional knowledge is key in a collaborative
ecosystem [112].

Many urban problems, such as poverty and inequality, are social rather than technical [113]. However, equity and social concerns
have yet to be systematically explored in the context of smart cities [91]. The design and implementation of effective smart city so-
lutions require an understanding of social issues, such as the digital divide and policies that focus on digital inclusion and civic
engagement [114]. Moreover, research on smart cities that target communities with low levels of digital literacy is needed [91].

Residents’ perceptions of smart city developments have been studied relatively recently and can be either negative or positive,
depending on the context, the localization of the development, and the flow of information provided to residents [39]. However, an
academic understanding of the various forms of citizen discontent in smart cities is lacking [22]. Therefore, we propose the following
two research topics. First, as a gap between collaborators may exist when judging the smartness of a city [39], and research is needed
on the discussion and consensus process of smartness among actors to ensure that the vision and needs of residents, who are the end
users of smart city technologies, are implemented. Second, we suggest studying smart city evaluation methodology by comparing the
priorities of smart city design and operation with the priorities considered by residents. Residents have different priorities and want
different levels of smartness, and this needs to be considered. The ultimate measure of whether a city is smart is how well its changes
align with community needs and resident priorities [39].
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5. Conclusion

Smart city research has gradually expanded from initial theoretical and conceptual discussions to a more technology-oriented field
[15]. However, proactive steps are currently needed to utilize technology and services while preserving the environment to ensure
sustainable smart cities. Research, policy, technology, and interest are needed to ensure that social, environmental, and sustainability
considerations are embedded within smart cities. To address the gap in understanding and interest between academia, industry,
government, and citizens on the development of smart cities, this study explored the directions and the topics that should be promoted.
To date, many researchers have conducted conceptual studies or empirical analyses separately. Smart cities are not static but dynamic,
as they are changed by various collaborators. Therefore, it is essential to comprehensively review the materials produced by various
actors. Therefore, we collected and analyzed data from the four collaborators by applying the QH concept to provide a broad
perspective of smart cities. Using various data sources to examine the relationship between popular and weak topics in each area can
provide new insights into the current state of smart cities and prepare them for future development.

This study deepens the literature on the future development of smart cities. We identified important and underdeveloped topics in
each area of smart cities. Additionally, we described the current state of smart cities based on the hype cycle concept and suggested
areas that need further attention based on thematic insights from the topic relationship matrix. Methodologically, we proposed a topic
analysis approach using LDA and BERT to identify challenges and solutions by simultaneously analyzing topics from different fields.
Our method enables holistic analysis by identifying the topics of different collaborators according to a baseline topic, regardless of the
field. This study has practical implications for researchers, policymakers, and industry stakeholders by helping them to understand
which topics are underrepresented in their fields and identify which issues need to be actively addressed for the future development of
smart cities.

In this study, we extracted topics for each collaborator and identified various interests and concerns within the sector. The
increasing emphasis on intrasector partnerships calls for further research on collaboration that considers a detailed analysis of each
actor. Research on the change of interest of each stakeholder over time will also facilitate the development of a collaborative model for
smart cities.

Some citizens are skeptical of the desirability of new technologies and technological utopian visions of smart cities [22]. A growing
body of literature is critical of the many existing efforts to engage the public in smart city planning (e.g., establishing roles for the
public) [39]. Notably, citizen groups that are not particularly knowledgeable about smart cities may be underrepresented in the
discussion [115]. Therefore, when considering smart city design and governance approaches, it is important to consider whose vision is
being implemented [116].

The data collection stage represents a limitation of this study. When collecting plans, we excerpted some parts of the summary and
introduction of the plan to consider the length limitation of BERT input text and equity with other data to create a text of similar length.
Therefore, the collected texts contained more general content than the details of the plans, and the topic extraction results consisted of
common words (e.g., citizen, service, and value). In future research, a detailed analysis of the topic relation matrix can be conducted on
the entire text of plans to identify its strengths and weaknesses. In the field of smart cities, local characteristics are important, so the
regional features of smart cities can be studied in the future by jointly analyzing search queries, papers, and planning patterns by
region. Google Trends data can be extracted by region, and the corresponding analysis results can exhibit regional interest in search
queries [117]. In terms of model performance, experiments with various PLMs, such as Scibert, which is pretrained on scientific corpus,
could also be examined instead of BERT.

Funding

This work is financially supported by Korea Ministry of Land, Infrastructure and Transport (MOLIT) as Innovative Talent Education
Program for Smart City.

Data availability statement

The authors do not have permission to share data. The data that support the findings of this study are available from [Web of
Science, Google Trends, Google Patents]. Data are not publicly available due to [copyright issues], but are available with permission of
[Web of Science, Google Trends, Google Patents].

CRediT authorship contribution statement

Jihye Lim: Writing — review & editing, Writing — original draft, Visualization, Validation, Methodology, Formal analysis, Data
curation, Conceptualization. Junseok Hwang: Writing — review & editing, Supervision, Funding acquisition, Conceptualization.

Declaration of AI and Al-assisted technologies in the writing process

Not applicable.

16



J. Lim and J. Hwang Heliyon 10 (2024) e30367

Declaration of competing interest

The authors declare that they have no known competing financial interests or personal relationships that could have appeared to
influence the work reported in this paper.

References

[1]
[2]

[3]
[4]
[5]
[61
71
(8]
[91
[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]

[19]
[20]

[21]

[22]
[23]

[24]
[25]

[26]
[27]
[28]
[29]
[30]
[31]
[32]
[33]
[34]
[35]
[36]
[37]
[38]
[39]
[40]

[41]
[42]

[43]
[44]

[45]
[46]

IAEG-SDGs, Global Indicator Framework for Sustainable Development Goals, United Nations Statistical Commission, 2021.

B. Kim, M. Yoo, K.C. Park, K.R. Lee, J.H. Kim, A value of civic voices for smart city: a big data analysis of civic queries posed by Seoul citizens, Cities 108
(2021) 102941.

M. Oh, C. Ahn, H. Nam, S. Choi, New trends in smart cities: the evolutionary directions using topic modeling and network analysis, Systems 11 (2023) 410.
UN-Habitat, Managing smart city governance. https://unhabitat.org/sites/default/files/2023/11/managingsmartcitygvnce_playbook.pdf, 2023.

A. Meijer, M.P.R. Bolivar, Governing the smart city: a review of the literature on smart urban governance, Int. Rev. Adm. Sci. 82 (2016) 392-408.

M. Audet, M. Roy, Using strategic communities to foster inter-organizational collaboration, J. Organ. Change Manag. 29 (2016) 878-888.

J. Kim, Smart city trends: a focus on 5 countries and 15 companies, Cities 123 (2022) 103551.

A. Mahizhnan, Smart cities: the Singapore case, Cities 16 (1999) 13-18.

R.E. Hall, B. Bowerman, J. Braverman, J. Taylor, H. Todosow, U. Von Wimmersperg, The Vision of a Smart City, Brookhaven National Lab.(BNL), Upton, NY
(United States), 2000.

G.C. Lazaroiu, M. Roscia, Definition methodology for the smart cities model, Energy 47 (2012) 326-332.

L. Mora, R. Bolici, M. Deakin, The first two decades of smart-city research: a bibliometric analysis, J. Urban Technol. 24 (2017) 3-27.

T. Yigitcanlar, M. Kamruzzaman, L. Buys, G. Ioppolo, J. Sabatini-Marques, E.M. da Costa, J.J. Yun, Understanding ‘smart cities’: Intertwining development
drivers with desired outcomes in a multidimensional framework, Cities 81 (2018) 145-160.

K. Soomro, M.N.M. Bhutta, Z. Khan, M.A. Tahir, Smart city big data analytics: an advanced review, Wiley Interdisciplinary Reviews: Data Min. Knowl. Discov.
9 (2019) e1319.

A. Van der Hoogen, B. Scholtz, A. Calitz, A smart city stakeholder classification model, in: 2019 Conference on Information Communications Technology and
Society (ICTAS), IEEE, 2019, pp. 1-6.

C. Lim, G.-H. Cho, J. Kim, Understanding the linkages of smart-city technologies and applications: key lessons from a text mining approach and a call for future
research, Technol. Forecast. Soc. Change 170 (2021) 120893.

C. Sharma, I. Batra, S. Sharma, A. Malik, A.S. Hosen, L.-H. Ra, Predicting trends and research patterns of smart cities: a semi-automatic review using latent
dirichlet allocation (LDA), IEEE Access 10 (2022) 121080-121095.

C. Zheng, J. Yuan, L. Zhu, Y. Zhang, Q. Shao, From digital to sustainable: a scientometric review of smart city literature between 1990 and 2019, J. Clean. Prod.
258 (2020) 120689.

L. Mora, M. Deakin, A. Reid, Combining co-citation clustering and text-based analysis to reveal the main development paths of smart cities, Technol. Forecast.
Soc. Change 142 (2019) 56-69.

P. Bajdor, M. Starostka-Patyk, Smart city: a bibliometric analysis of conceptual dimensions and areas, Energies 14 (2021) 4288.

C.C. Okafor, C. Aigbavboa, W.D. Thwala, A bibliometric evaluation and critical review of the smart city concept-making a case for social equity, Journal of
Science and Technology Policy Management 14 (2023) 487-510.

D. Qiu, B. Lv, C.M. Chan, Y. Huang, K. Si, How does a smart city bridge diversify urban development trends? A systematic bibliometric analysis and literature
study, Sustainability 15 (2023) 4455.

A. van Twist, E. Ruijer, A. Meijer, Smart cities & citizen discontent: a systematic review of the literature, Govern. Inf. Q. (2023) 101799.

C. Reypens, A. Lievens, V. Blazevic, Hybrid Orchestration in Multi-stakeholder Innovation Networks: practices of mobilizing multiple, diverse stakeholders
across organizational boundaries, Organ. Stud. 42 (2021) 61-83.

S. Thabit, L. Mora, The collaboration dilemma in smart city projects: time to ask the right questions, Organization (2023) 13505084231183949.

L. Mora, M. Deakin, A. Reid, Strategic principles for smart city development: a multiple case study analysis of European best practices, Technol. Forecast. Soc.
Change 142 (2019) 70-97.

N. Noori, T. Hoppe, M. de Jong, Classifying pathways for smart city development: comparing design, governance and implementation in Amsterdam,
Barcelona, Dubai, and Abu Dhabi, Sustainability 12 (2020) 4030.

N. Komninos, H. Schaffers, M. Pallot, Developing a policy roadmap for smart cities and the future internet, in: eChallenges E-2011 Conference Proceedings,
IIMC International Information Management Corporation, IMC International Information Management Corporation, 2011, pp. 1-8.

P. Neirotti, A. De Marco, A.C. Cagliano, G. Mangano, F. Scorrano, Current trends in Smart City initiatives: some stylised facts, Cities 38 (2014) 25-36.

B. Anthony Jnr, A case-based reasoning recommender system for sustainable smart city development, Al Soc. 36 (2021) 159-183.

B. David, C. Yin, Y. Zhou, T. Xu, B. Zhang, H. Jin, R. Chalon, SMART-CITY: problematics, techniques and case studies, in: 2012 8th International Conference on
Computing Technology and Information.

K.M. Eisenhardt, M.E. Graebner, S. Sonenshein, Grand challenges and inductive methods: rigor without rigor mortis, in: Academy of Management Briarcliff
Manor, NY, 2016, pp. 1113-1123.

L. Mora, P. Gerli, L. Ardito, A.M. Petruzzelli, Smart city governance from an innovation management perspective: theoretical framing, review of current
practices, and future research agenda, Technovation 123 (2023) 102717.

E. Ruijer, A. Van Twist, T. Haaker, T. Tartarin, N. Schuurman, M. Melenhorst, A. Meijer, Smart governance toolbox: a systematic literature review, Smart Cities
6 (2023) 878-896.

S.A. Dolmans, W.P. van Galen, B. Walrave, E. den Ouden, R. Valkenburg, A.G.L. Romme, A dynamic perspective on collaborative innovation for smart city
development: the role of uncertainty, governance, and institutional logics, Organ. Stud. (2023) 01708406231169422.

L. White, K. Burger, Understanding frameworking for smart and sustainable city development: a configurational approach, Organ. Stud. 44 (2023) 1603-1624.
W. Van Winden, D. Van den Buuse, Smart city pilot projects: exploring the dimensions and conditions of scaling up, J. Urban Technol. 24 (2017) 51-72.
R.W.S. Ruhlandt, The governance of smart cities: a systematic literature review, Cities 81 (2018) 1-23.

K. Aaltonen, J. Kujala, A project lifecycle perspective on stakeholder influence strategies in global projects, Scand. J. Manag. 26 (2010) 381-397.

Z. Spicer, N. Goodman, D.A. Wolfe, How ‘smart’are smart cities? Resident attitudes towards smart city design, Cities 141 (2023) 104442.

K.C. Desouza, M. Hunter, B. Jacob, T. Yigitcanlar, Pathways to the making of prosperous smart cities: an exploratory study on the best practice, J. Urban
Technol. 27 (2020) 3-32.

K.R. Kunzmann, Smart Cities after Covid-19: Ten Narratives, disP-The Planning Review, vol. 56, 2020, pp. 20-31.

P. Gupta, S. Chauhan, M. Jaiswal, Classification of smart city research-a descriptive literature review and future research agenda, Inf. Syst. Front 21 (2019)
661-685.

T. Yigitcanlar, K. Degirmenci, L. Butler, K.C. Desouza, What are the key factors affecting smart city transformation readiness? Evidence from Australian cities,
Cities 120 (2022) 103434.

R. Susanti, S. Soetomo, I. Buchori, P. Brotosunaryo, Smart growth, smart city and density: in search of the appropriate indicator for residential density in
Indonesia, Procedia-Social and Behavioral Sciences 227 (2016) 194-201.

T. Yigitcanlar, F. Dur, Making space and place for knowledge communities: lessons for Australian practice, Australas. J. Reg. Stud. 19 (2013) 36-63.

B. Katz, J. Wagner, The rise of urban innovation districts, Harv. Bus. Rev. (2014).

17


http://refhub.elsevier.com/S2405-8440(24)06398-9/sref1
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref2
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref2
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref3
https://unhabitat.org/sites/default/files/2023/11/managingsmartcitygvnce_playbook.pdf
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref5
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref6
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref7
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref8
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref9
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref9
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref10
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref11
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref12
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref12
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref13
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref13
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref14
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref14
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref15
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref15
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref16
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref16
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref17
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref17
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref18
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref18
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref19
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref20
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref20
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref21
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref21
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref22
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref23
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref23
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref24
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref25
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref25
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref26
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref26
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref27
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref27
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref28
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref29
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref31
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref31
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref32
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref32
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref33
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref33
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref34
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref34
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref35
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref36
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref37
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref38
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref39
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref40
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref40
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref41
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref42
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref42
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref43
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref43
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref44
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref44
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref45
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref46

J. Lim and J. Hwang Heliyon 10 (2024) e30367

[47]
[48]
[49]
[50]
[51]
[52]
[53]
[54]
[55]
[56]
[57]
[58]
[59]
[60]

[61]
[62]

[63]

[64]
[65]

[66]
[67]

[68]

[69]
[70]

[71]
[72]
[73]
[74]
[75]
[76]
[77]
[78]
[79]
[80]

[81]
[82]

[83]
[84]

[85]
[86]
[87]
[88]

[89]
[90]

[91]
[92]

[93]
[94]

[95]

[96]

E.G. Carayannis, D.F. Campbell, "Mode 3’and’Quadruple Helix: toward a 21st century fractal innovation ecosystem, Int. J. Technol. Manag. 46 (2009)
201-234.

K. Nordberg, A. Mariussen, S. Virkkala, Community-driven social innovation and quadruple helix coordination in rural development. Case study on LEADER
group Aktion Osterbotten, J. Rural Stud. 79 (2020) 157-168.

T. Santonen, Google Trend analysis of the evolution of collaborative innovation terms, in: Proceedings of XXXIV ISPIM Innovation Conference, Held in
Ljubljana, Slovenia on 04 June to 07 June 2023, Lappeenrannan Teknillinen Yliopisto, 2023.

K. Paskaleva, J. Evans, K. Watson, Co-producing Smart Cities: A Quadruple Helix Approach to Assessment, vol. 28, European Urban and Regional Studies,
2021, pp. 395-412.

B. Bozeman, What organization theorists and public policy researchers can learn from one another: publicness theory as a case-in-point, Organ. Stud. 34 (2013)
169-188.

A. Wiig, The empty rhetoric of the smart city: from digital inclusion to economic promotion in Philadelphia, Urban Geogr. 37 (2016) 535-553.

Y. Shi, J. Herniman, The role of expectation in innovation evolution: exploring hype cycles, Technovation 119 (2023) 102459.

S.E. Green Jr., A rhetorical theory of diffusion, Acad. Manag. Rev. 29 (2004) 653-669.

H. Van Lente, C. Spitters, A. Peine, Comparing technological hype cycles: towards a theory, Technol. Forecast. Soc. Change 80 (2013) 1615-1628.

S.P. Jun, A comparative study of hype cycles among actors within the socio-technical system: with a focus on the case study of hybrid cars, Technol. Forecast.
Soc. Change 79 (2012) 1413-1430.

F. Li, M. Li, P. Guan, S. Ma, L. Cui, Mapping publication trends and identifying hot spots of research on Internet health information seeking behavior: a
quantitative and co-word biclustering analysis, J. Med. Internet Res. 17 (2015) e3326.

Q. Xie, X. Zhang, Y. Ding, M. Song, Monolingual and multilingual topic analysis using LDA and BERT embeddings, Journal of Informetrics 14 (2020) 101055.
H. Lee, P. Kang, Identifying core topics in technology and innovation management studies: a topic model approach, J. Technol. Tran. 43 (2018) 1291-1317.
T. Saheb, M. Dehghani, T. Saheb, Artificial intelligence for sustainable energy: a contextual topic modeling and content analysis, Sustainable Computing:
Informatics and Systems 35 (2022) 100699.

1. Savin, Evolution and recombination of topics in technological forecasting and social change, Technol. Forecast. Soc. Change 194 (2023) 122723.

D. Kim, S. Kim, Role and challenge of technology toward a smart sustainable city: topic modeling, classification, and time series analysis using information and
communication technology patent data, Sustain. Cities Soc. 82 (2022) 103888.

J. Devlin, M.-W. Chang, K. Lee, K. Toutanova, Bert: pre-training of deep bidirectional transformers for language understanding, arXiv preprint arXiv:
1810.04805 (2018).

Q. Li, Z. Xiao, Y. Zhao, Research on the classification of new energy industry policy texts based on BERT model, Sustainability 15 (2023) 11186.

M. Khadhraoui, H. Bellaaj, M.B. Ammar, H. Hamam, M. Jmaiel, Survey of BERT-base models for scientific text classification: COVID-19 case study, Appl. Sci.
12 (2022) 2891.

J.S. Lee, J. Hsiang, Patent classification by fine-tuning BERT language model, World Patent Inf. 61 (2020) 101965.

D. Duwe, F. Herrmann, D. Spath, Forecasting the diffusion of product and technology innovations: using google trends as an example, in: 2018 Portland
International Conference on Management of Engineering and Technology (PICMET), IEEE, 2018, pp. 1-7.

A. Mavragani, G. Ochoa, K.P. Tsagarakis, Assessing the methods, tools, and statistical approaches in Google Trends research: systematic review, J. Med.
Internet Res. 20 (2018) e270.

Google, Google Trends Help, Google Inc, 2017. https://support.google.com/trends?sjid=915021011947464404-AP#topic—=6248052.

S.P. Jun, H.S. Yoo, S. Choi, Ten years of research change using Google Trends: from the perspective of big data utilizations and applications, Technol. Forecast.
Soc. Change 130 (2018) 69-87.

D. Borup, E.C.M. Schiitte, In search of a job: forecasting employment growth using Google Trends, J. Bus. Econ. Stat. 40 (2022) 186-200.

S.P. Jun, H.S. Yoo, J.-H. Kim, A study on the effects of the CAFE standard on consumers, Energy Pol. 91 (2016) 148-160.

R.N. Arku, A. Buttazzoni, K. Agyapon-Ntra, E. Bandauko, Highlighting smart city mirages in public perceptions: a Twitter sentiment analysis of four African
smart city projects, Cities 130 (2022) 103857.

1./0. Citi, The Top 50 Smart Cities in the World 2020, IESE, 2020 citi.io/2020/07/16/the-top-50-smart-cities-in-the-world-2020/, https://www.iss.europa.eu/

R. Giffinger, G. Haindlmaier, H. Kramar, The Role of Rankings in Growing City Competition, vol. 3, Urban research & practice, 2010, pp. 299-312.

M. Angelidou, The role of smart city characteristics in the plans of fifteen cities, J. Urban Technol. 24 (2017) 3-28.

H.S. Choi, S.K. Song, Direction for a transition toward smart sustainable cities based on the diagnosis of smart city plans, Smart Cities 6 (2022) 156-178.
G. Viale Pereira, M.A. Cunha, T.J. Lampoltshammer, P. Parycek, M.G. Testa, Increasing collaboration and participation in smart city governance: a cross-case
analysis of smart city initiatives, Inf. Technol. Dev. 23 (2017) 526-553.

T.A. Scott, C.W. Thomas, Unpacking the collaborative toolbox: why and when do public managers choose collaborative governance strategies? Pol. Stud. J. 45
(2017) 191-214.

M.P.R. Bolivar, A.J. Meijer, Smart governance: using a literature review and empirical analysis to build a research model, Soc. Sci. Comput. Rev. 34 (2016)
673-692.

Y. Yu, N. Zhang, Does smart city policy improve energy efficiency? Evidence from a quasi-natural experiment in China, J. Clean. Prod. 229 (2019) 501-512.
Q. Guo, Y. Wang, X. Dong, Effects of smart city construction on energy saving and CO2 emission reduction: evidence from China, Appl. Energy 313 (2022)
118879.

Y. Su, M. Hu, X. Yu, Does the development of smart cities help protect the environment? J. Environ. Plann. Manag. 66 (2023) 572-589.

K. Liu, C. Meng, J. Tan, G. Zhang, Do smart cities promote a green economy? Evidence from a quasi-experiment of 253 cities in China, Environ. Impact Assess.
Rev. 99 (2023) 107009.

Y. Lim, J. Edelenbos, A. Gianoli, Identifying the results of smart city development: findings from systematic literature review, Cities 95 (2019) 102397.

A. Wirsbinna, L. Grega, Assessment of economic benefits of smart city initiatives, Cuadernos Econ. 44 (2021) 45-56.

A. Purnomo, A.V.D. Sano, H. Nindito, E.D. Madyatmadja, C.P. Sianipar, Mapping of smart economy research themes: a nine-year review, in: 2021 International
Conference on ICT for Smart Society (ICISS), IEEE, 2021, pp. 1-7.

A.E. Oke, D.O. Aghimien, O.1. Akinradewo, C.O. Aigbavboa, Improving resilience of cities through smart city drivers, Construction Economics and Building 20
(2020) 45-64.

A. Wirsbinna, The evaluation of economic benefits of smart city initiatives: a category approach, SCENTIA International Economic Review 1 (2021) 32-42.
B. Giles-Corti, A. Vernez-Moudon, R. Reis, G. Turrell, A.L. Dannenberg, H. Badland, S. Foster, M. Lowe, J.F. Sallis, M. Stevenson, City planning and population
health: a global challenge, The lancet 388 (2016) 2912-2924.

A. Buttazzoni, M. Veenhof, L. Minaker, Smart city and high-tech urban interventions targeting human health: an equity-focused systematic review, Int. J.
Environ. Res. Publ. Health 17 (2020) 2325.

G. Trencher, A. Karvonen, Stretching “smart”: advancing health and well-being through the smart city agenda, in: Smart and Sustainable Cities?, Routledge,
2020, pp. 54-71.

H. Haarstad, Constructing the sustainable city: examining the role of sustainability in the ‘smart city’discourse, J. Environ. Pol. Plann. 19 (2017) 423-437.
Z. Tang, K. Jayakar, X. Feng, H. Zhang, R.X. Peng, Identifying smart city archetypes from the bottom up: a content analysis of municipal plans, Telecommun.
Pol. 43 (2019) 101834.

R. Sutriadi, A. Noviansyah, City thematic approach to achieve liveable city: case study of Bandung City, in: IOP Conference Series: Earth and Environmental
Science, IOP Publishing, 2021 012020.

A.A. Kutty, T.G. Wakjira, M. Kucukvar, G.M. Abdella, N.C. Onat, Urban resilience and livability performance of European smart cities: a novel machine
learning approach, J. Clean. Prod. 378 (2022) 134203.

18


http://refhub.elsevier.com/S2405-8440(24)06398-9/sref47
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref47
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref48
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref48
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref49
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref49
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref50
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref50
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref51
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref51
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref52
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref53
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref54
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref55
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref56
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref56
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref57
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref57
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref58
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref59
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref60
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref60
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref61
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref62
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref62
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref63
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref63
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref64
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref65
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref65
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref66
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref67
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref67
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref68
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref68
https://support.google.com/trends?sjid=915021011947464404-AP#topic=6248052
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref70
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref70
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref71
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref72
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref73
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref73
https://www.iss.europa.eu/
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref75
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref76
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref77
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref78
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref78
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref79
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref79
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref80
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref80
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref81
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref82
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref82
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref83
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref84
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref84
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref85
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref86
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref87
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref87
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref88
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref88
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref89
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref90
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref90
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref91
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref91
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref92
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref92
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref93
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref94
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref94
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref95
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref95
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref96
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref96

J. Lim and J. Hwang Heliyon 10 (2024) e30367

[97]
[98]
[99]

[100]
[101]

[102]
[103]
[104]
[105]
[106]
[107]
[108]
[109]
[110]
[111]
[112]
[113]
[114]
[115]

[116]
[117]

T. Yigitcanlar, H. Han, M. Kamruzzaman, G. Ioppolo, J. Sabatini-Marques, The making of smart cities: are Songdo, Masdar, Amsterdam, San Francisco and
Brisbane the best we could build? Land Use Pol. 88 (2019) 104187.

R.P. Dameri, Comparing smart and digital city: initiatives and strategies in Amsterdam and Genoa. Are they digital and/or smart?. Smart City: How to Create
Public and Economic Value with High Technology in Urban Space, 2014, pp. 45-88.

J. Lee, J. Babcock, T.S. Pham, T.H. Bui, M. Kang, Smart city as a social transition towards inclusive development through technology: a tale of four smart cities,
Int. J. Unity Sci. 27 (2023) 75-100.

The Mori Memorial Foundation, Global power city index (GPCI). https://mori-m-foundation.or.jp/english/ius2/gpci2/index.shtml, 2023.

B.N. Silva, M. Khan, K. Han, Towards sustainable smart cities: a review of trends, architectures, components, and open challenges in smart cities, Sustain. Cities
Soc. 38 (2018) 697-713.

D. Demirel, The impact of managing diversity on building the smart city A comparison of smart city strategies: cases from Europe, America, and Asia, Sage
Open 13 (2023) 21582440231184971.

M. Du, X. Zhang, L. Mora, Strategic planning for smart city development: assessing spatial inequalities in the basic service provision of metropolitan cities, in:
Sustainable Smart City Transitions, Routledge, 2022, pp. 113-132.

M. Kubina, D. Sulyova, J. Vodak, Managing global smart cities in an era of 21st century challenges, Sustainability 13 (2021) 2610.

OneNYC2050, Building a strong and fair city. https://onenyc.cityofnewyork.us/wp-content/uploads/2019/05/0neNYC-2050-Full-Report.pdf, 2019.

S. Joss, F. Sengers, D. Schraven, F. Caprotti, Y. Dayot, The smart city as global discourse: storylines and critical junctures across 27 cities, J. Urban Technol. 26
(2019) 3-34.

S. Andreani, M. Kalchschmidt, R. Pinto, A. Sayegh, Reframing technologically enhanced urban scenarios: a design research model towards human centered
smart cities, Technol. Forecast. Soc. Change 142 (2019) 15-25.

C.J. Martin, J. Evans, A. Karvonen, Smart and sustainable? Five tensions in the visions and practices of the smart-sustainable city in Europe and North America,
Technol. Forecast. Soc. Change 133 (2018) 269-278.

UNCTAD (United Nations Conference on Trade and Development), Science, Technology and Innovation for Sustainable Urban Development in a Post-
pandemic World, 2022 unctad.org/publication/science-technology-and-innovationsustainable-urban-development-post-pandemic-world).

R.G. Hollands, Critical interventions into the corporate smart city, Cambridge journal of regions, Econ. Soc. 8 (2015) 61-77.

0. Soderstrom, From a Technology Intensive to a Knowledge Intensive Smart Urbanism, Beware of smart people, 2016, pp. 63-69.

F. Ehnert, F. Kern, S. Borgstrom, L. Gorissen, S. Maschmeyer, M. Egermann, Urban sustainability transitions in a context of multi-level governance: a
comparison of four European states, Environ. Innov. Soc. Transit. 26 (2018) 101-116.

D. Harvey, Rebel Cities: from the Right to the City to the Urban Revolution, Verso books, 2012.

T. Aditya, S. Ningrum, H. Nurasa, I. Irawati, Community needs for the digital divide on the smart city policy, Heliyon 9 (2023) e18932.

S. Aminah, The public rights to the sidewalk in a smart city framework: the case study of Surabaya, Masy. Kebud. Dan. Polit 34 (2021) 221-234.

P. Cardullo, R. Kitchin, Being a ‘citizen’in the smart city: up and down the scaffold of smart citizen participation in Dublin, Ireland, Geojournal 84 (2019) 1-13.
O. Kliuiev, N. Vnukova, S. Hlibko, N. Brynza, D. Davydenko, Estimation of the Level of Interest and Modeling of the Topic of Innovation through Search in
Google, 2021. Kliuiev, O., Vnukova, N., Hlibko, S., Brynza, N., Davydenko, B.. Estimation of the Level of Interest and Modeling of the Topic of Innovation
Through Search in Google. Computational Linguistics and Intelligent Systems. Lytvyn, V., Vysotska, V., Hamon, T., Grabar, N., Sharonova, N., Cherednichenko,
0.

19


http://refhub.elsevier.com/S2405-8440(24)06398-9/sref97
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref97
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref98
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref98
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref99
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref99
https://mori-m-foundation.or.jp/english/ius2/gpci2/index.shtml
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref101
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref101
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref102
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref102
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref103
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref103
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref104
https://onenyc.cityofnewyork.us/wp-content/uploads/2019/05/OneNYC-2050-Full-Report.pdf
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref106
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref106
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref107
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref107
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref108
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref108
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref109
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref109
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref110
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref111
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref112
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref112
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref113
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref114
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref115
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref116
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref117
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref117
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref117
http://refhub.elsevier.com/S2405-8440(24)06398-9/sref117

	Exploring diverse interests of collaborators in smart cities: A topic analysis using LDA and BERT
	1 Introduction
	2 Background
	2.1 Smart cities
	2.1.1 Smart city planning
	2.1.2 Smart city collaboration
	2.1.3 Population density

	2.2 Quadruple helix model
	2.3 Hype cycle
	2.4 LDA and BERT

	3 Method
	3.1 Data collection plan
	3.2 Topic classification model
	3.3 Topic relation matrix

	4 Results
	4.1 Data collection
	4.2 Google Trends
	4.3 Topics extraction
	4.4 Topic classification model creation
	4.5 Topic relation matrix creation
	4.5.1 Uncharted territory in smart cities
	4.5.2 Classification of smart city plans
	4.5.3 Relationship between population density and plans

	4.6 Current status and future directions of smart cities
	4.6.1 Breakthroughs for the development of smart cities


	5 Conclusion
	Funding
	Data availability statement
	CRediT authorship contribution statement
	Declaration of AI and AI-assisted technologies in the writing process
	Declaration of competing interest
	References


