What are the driving factors of innovation in Smart City? —
A systematic review of journal publications
from 2014 to 2024

Jinghuan CHEN,
Southwestern University of Finance and Economics, Chengdu, China
chenjh@swufe.edu.cn

Wei LU,
Southwestern University of Finance and Economics, Chengdu, China
1129332457@qgq.com

Abstract

Smart cities have continuously reinvented themselves, striving for increasingly intelligent goals since their
inception. However, current research still falls short of providing a clear understanding of smart cities
innovation. In response to this shortfall, this paper offers a systematic review y of the ten years™ studies on
smart cities innovation. Each article focuses on two aspects: 1) What are the driving forces behind smart city
innovation? 2) How do these forces influence smart city innovation? The findings disclose that government,
society, environmental awareness, and technology driving innovation in smart cities. Specifically, the
government promotes innovation in smart city devices and technologies through policies and governance,
society through human capital and social capital, environmental awareness through health and safety needs,
and technology through user and enterprise technologies. Overall, this analysis offers a comprehensive and
systematic view of how a smart city innovation can be understood theoretically, which will offer a positive
impact on developing a sustainable smart city.

Keywords: government, social facilitation, environmental awareness, technology.

1. Introduction

Over the decades, studies of Smart City (SC) and the digital deployment have surged
worldwide [1]. These studies and practices have been approached from various viewpoints
conducted by diverse scholars [2]. The focused and adopted dimensions, indicators, factors,
and criteria presented by scholars are also extensively varied, which have led the SC
practice and theory beyond the uncertainty with no shared and common knowledge and
definition [3, 4], even the concept of smart cities is wavering between smart cities, digital
cities, and resilient cities [5]. Despite the differences in numerous studies and definitions
of smart cities, there is a consensus on the goal of establishing better cities and achieving a
better life for citizens, which cannot be realized without innovation in smart cities.

Smart cities, as an innovative approach to urban development, offer a potential solution to
the development challenges [6]. Cities around the world are striving to become smarter and
more efficient. It is worth noting that not all cities that have embraced smart initiatives have
achieved positive outcomes in past practices. On one hand, excessive focus on technology-
centered approaches has posed challenges related to data management, privacy, security,
and new policies concerning digital infrastructure [7]. On the other hand, emphasis on
smart governance has led to the complexity of traditional aspects within cities such as
healthcare, education, and others [8]. Consequently, smart cities have been continuously
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seeking comprehensive solutions, striving for transformation and innovation. However, the
driving forces behind smart city innovation are not yet fully understood.

Smart cities are the result of innovation, and they are increasingly associated with the
concept of innovation [9]. On this base, existing research views smart cities as a result of
innovation, neglecting the reasons for innovation in smart cities. Therefore, our guiding
research questions are: what are the drivers of innovation in smart cities innovation and
what factors contribute to their development and renewal? How they promote smart city
innovation? Current literature has overly focused on individual cases and typical examples
of smart cities, and there is a need for a more comprehensive and holistic perspective to
identify the detailed genealogies of factors that promote innovation in smart cities.
Additionally, it is still unclear what future research needs to be conducted in this field.

In order to address this gap in the knowledge and literature, we performed a systematic
review, which is aimed at carefully identifying all the relevant studies on the topic and
creating an accessible synthesis based on the pieces of information from multiple studies
[10]. This systematic literature review aims to discuss the relationship between smart cities
realizing innovation as an outcome and the reasons for realizing innovation. This is timely
for several reasons. First, smart cities have achieved technological leaps and diversity in
fields in practice, existing reviews do not respond to innovation head on. Second, this
review will bring together key contributions in this field of research to shed light on how
smart city innovations are made possible. Third, this paper is timely to show what future
research efforts should focus to move this area of research forward. Following this
introduction, Section 2 provides a concise review of the literature. Section 3 introduces the
methodological approach. Section 4 presents the results of the analysis. Section 5 and
Section 6 discussed the findings and limitations. Section 7 offers concluding remarks.

2. Theoretical background

2.1 The concept of SC

SC grassroots was located back in 1994 and the launch of the digital city of Amsterdam
[11] and the Geneva metropolitan area network (so-called Geneva-MAN) [12]. Initially,
smart cities were defined as urban areas that utilize digital data and technology to enhance
efficiency, promote economic development, improve quality of life, and enhance urban
sustainability [13, 14], such as sensors, real-time monitoring, and digital knowledge-
sharing platforms.

However, the technology-driven approach of smart cities has brought along a series of
potential risks, including the digital divide and data security concerns. In response to this,
the concept of smart cities goes beyond technology, citizen participation [14], collaborative
governance structures, competitive, smart governance [15], sustainable mobility [16],
sustainable development [6], and equitable market environments [17] have been
incorporated.

2.2 Theoretical background

In an increasingly digital society, existing literature reviews focus on development models,
governance pathways, influencing factors, and critical analysis of SC [2, 18, 19, 20].
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Although some literature has paid attention to the connection between smart cities and
innovation, which explained the four dimensions of smart city innovation: openness, urban,
sustainability, and digital innovation [21], and proposes types of innovation such as
community organization, frugality, entrepreneurial, and institutional pioneering [21, 22]
The literature reviews that treat smart development as a result of urban innovation and
focus on the result of smart city innovation are relatively limited.

From the perspective of innovation systems theory, innovation is a systemic process that
involves multiple interdependent components, such as technology, market, organizational
structure, and culture. Scholars have proposed two models for development of smart city:
technology-driven and human-driven modes [23].These two perspectives are also
understood as a technical perspective originating from the American business community
and a holistic perspective instigated from European institutions [13]. Advocates of the
technical perspective suggest that digital innovation should be at the heart of successful
smart city initiatives [24]. However, the excessive focus on the technological deployment
may led to an imbalance of the urban ecosystem, in which social, human and environmental
capital facets are neglected causing a negative social impact, including safety problems,
ethical dilemmas, surged inequality [25]. Existing studies have proposed a citizen-centered,
people-oriented approach [26]. It is important to stress that cities are human settlements
and they are supposed to serve us. Therefore, the human element in smart city innovation
cannot be overlooked.

Previously, many smart city reviews have been published already, in particular with the
focus on the research focusing area and concept of smart city studies based on the
bibliometric analysis [27, 28, 29] These analyses on smart city researches indeed provide
a holistic insightful agenda for the future smart city development, where the engagement
with the role of technology and human to provide a healthy and sustainable dynamics for
smart city innovation has not been adequately reviewed. This is manifested in the emphasis
on the role of a particular technology in smart city innovation within the technological
dimension, such as blockchain, infrastructure and physical assets [30]. In the social
dimension, the role of only partial subject is focused on, such as human resources,
organizational transformation [30]. We propose to systematically study of SC innovation
from technology and non-technology point of view, taking into account the different
subjects, focusing on mechanisms of action of these factors, aiming to provide a
comprehensive picture of the domain.

3. Methodology

A systematic literature review can bring these scattered pieces of knowledge into
comprehensive analysis [31]. Itis suitable for research topics where knowledge is dispersed
and uncertain. Literature for systematic review were selected only if the following
eligibility criteria were satisfied: field of study, topic, research method, language,
publication status and database, and publication year (Table 1).
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Table 1. Literature conditions

Conditions Details

field of study social science

topic “smart city/smart cities/intelligent city/intelligent cities/
digital city/ digital cities innovation”

research method Theoretical, empirical, qualitative, or quantitative researches

language English

publication status and database Scopus and Web of Science

publication year 2014-2024

Field of study: The emergence of digital technology has given rise to a substantial and
continuously growing body of literature on smart cities, primarily in the fields of computer
science, engineering, and social sciences. This review will focus on the social sciences, as
they encompass articles that also touch upon technological and engineering aspects. Focus
on high quality journals in urban planning, social and humanities research.

Topic: Search keywords are “smart city/smart cities/intelligent city/intelligent cities/digital
city/ digital cities innovation” in title, abstract, or keywords.

Research method: Theoretical, empirical, qualitative, or quantitative researches are all
included, no specific research method is excluded.

Language: English written articles were included.

Publication status and database: Published in a peer-reviewed journal or conference
proceedings. The articles are peer-reviewed journal articles or full-article proceedings
collected from Scopus and Web of Science.

Publication year: Research on early literature primarily focused on the definition and
practical exploration of smart cities, with less attention given to innovative development.
With the development of the smart city concept in the last decade, there has been a gradual
increase in research on smart city innovations. Therefore, the publication year of articles
herein is limited to 2014 through 2024.

The inclusion and exclusion criteria were developed by considering the research topic,
application field, types of data, and relevance to the research questions of this study.
Specific criteria were used to select and filter the studies discovered from the
databases(Table 2).

Table 2. Inclusion and exclusion criteria
Inclusion /Exclusion Criteria Position
Criteria 1: No direct connection (not within the scope) yes/no/not sure
Criteria 2: Irrelevant focus including developing a new  yes/no/not sure
technological framework or system or application.
Criteria 3: Book/book sections are excluded. yes/no/not sure
Criteria 4: The article extensive focus on indicator, or yes/no/not sure
assessment tool are excluded.
Criteria 5: Does the main content answer at least one of the  yes/no/not sure
research questions? (Non-empirical papers are excluded)
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An initial search was carried out in the Scopus and Web of Science on titles. Following the
eligibility criteria, 587 articles were identified from Scopus and 471 articles from Web of
Science. In total, 758 articles were eligible for screening after excluding duplicates(n=350)
ensure that the selected articles were able to answer the RQs. We screened the titles,
abstracts and keywords of these papers and removed 699 articles that were deemed not
relevant, 1) irrelevant topic such as logistics governance in smart cities (n=273); 2)
irrelevant focus including developing a new technological framework or system, for
example: conceptual papers, opinion pieces, other emergent technologies (e.g., virtual
reality, augmented reality, 3D, EEG/ECG sensors, etc.) (n=225); 3) not an article or not
available (n=43); 4) articles focusing on the content of smart city innovation, such as types
or standards, were excluded (n=158). Excluding these articles, a total of 155 articles were
eligible for screening.

Based on reading the full article, 108 articles were excluded. The article has to provide
either potential or observed transformation or innovations of smart city development, the
main content answer at least one of the research questions. Finally, 47 studies were
included and synthesized in the systematic review (Fig.1). The researchers held regular
meetings to discuss the selection process, review selection decisions, and ensure adherence
to inclusion and exclusion criteria. The two authors and two graduate students used an open
coding approach to identify themes in key sections of each paper, develop codes for these
themes, and group the codes into themes. The reliability is crucial for minimizing bias in
the systematic review process. Some strategies adopted in this review include: clearly
defining inclusion and exclusion criteria, using standardized coding sheets for data
extraction, involving multiple reviewers for cross-checking, and clearly documenting
methods for reproducibility.

Database research — 350 duplicates removed
(n=1049)
Screening Inclusion /Exclusion Criteria
699 N 273-Excluded by Cr%terfa 1
abstracts and keywords screened 225-Excluded by Criteria 2
43-Excluded by Criteria 3
158-Excluded by Criteria 4

155 full articles retrieved and _» | Inclusion /Exclusion Criteria
screened 108-Excluded by Criteria 5

Eligibility l

47 Articles included in the
annalysis

Fig. 1. Literature selection procedure
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4. Results

4.1. General observations

Through a systematic literature approach, this paper combed through 41 articles for
analysis. These papers are diverse, covering different journals in terms of field and
innovations in terms of topics related to different elements of smart cities. Specifically, the
selected articles have diversity among fields of study, research method, database and
publication years as shown in Table 3. First, 41 articles are published, mainly in the field
of Social Science. The most popular publication outlets for smart city research are those
with technology and society development focus, with Technological Forecasting and
Social Change (9 publications), followed by journals that have a link with an urban/city
development, i.e. Cities (10), the International Journal of Urban and Regional Research
(1), Smart Cities (1), Sustainable Cities and Society (1), etc. and being the single largest
source in this category (see Appendix 1 for more detail). These publications can be
categorized into five major fields based on the volume of publications: Urban Studies,
Technology, Public Administration, Business& Economics, and Environment.

Research methods are diverse because no specific methods are excluded if the article
satisfies the criteria. The results showed that 58% of selected articles used qualitative
methods while 42% used quantitative methods. Empirical studies account for 70% of the
total and theoretical studies represent 30%. The sharp rise in 2019 and 2021 smart city
research provides new evidence to support the findings of the literature reviews.

Table 3 Characteristics of the records.

Criteria Category No %

Field of study Urban Studies 17 35%
Technology 11 24%
Public Administration 12 26%
Business& Economics 3 5%
Environment 4 9%

research method Qualitative 26 58%
Quantitative 19 42%
Empirical 31 70%
Theoretical 14 30%

publication year
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4.2 Kinds and characteristics of results

What are the major innovative factors of smart city research in these areas? How they play
arole? We seek to address two questions in this section. We take a closer look at the specific
types of innovation drivers by analyzing the contents of the literature in this section. Similar
innovative factors are summarized into a single representative factor.

4.2.1 Government: Policy and governance

In the transformation and innovation of smart cities, the government plays a central role as
the leader. Government facilitates smart city innovation through policy and governance, 11
articles focused on these two ways among the articles we reviewed. Urban policy represents
the government’s idea and demand for innovation in smart cities, aiming to provide more
efficient services to citizens, enhance urban competitiveness, and achieve more efficient
and well-rounded urban development [32].

On the one hand, there is both conceptual advocacy. The government proposes concepts of
smart city governance, such as frugal governance [33], humanistic governance [34], and
democratic participation [35] to provide more possibilities for smart city innovation and
development. For example, the Belgian government believes that smart cities should
particularly utilize “innovative technologies” and be willing to “change behaviors related
to energy consumption” to achieve climate goals [30]. On the other hand, concrete
measures are formed. For example, municipal authorities and decentralized governance
structures in the public sector encourage collaboration among stakeholders and stimulate
innovative business models in both private and public sectors [36]. By maintaining the
necessity of public funding and other resource allocations and implementing long-term
institutionalization, the interaction between stakeholders is integrated into regional
networks [37]. Effective co-creation practices/mechanisms are implemented to ensure
diversity in collaboration among stakeholders, enhance the innovation capacity of
cooperation, and ensure sustained commitment [38]. Developing smart city innovation
indicators to provide direction for their development [16, 39]. Furthermore, expanding the
scope of smart technology applications, regulating data usage, enacting legislation,
standardizing software platforms, and establishing digital platforms are all powerful
measures by the government to promote innovation in smart cities [40].

4.2.2. Social facilitation: human capital and social capital

The second area of research focuses on issues relating to social dynamics, with a total of
17 articles. Trencher [41] emphasized that smart city research has shifted from being
techno-economically driven to a more people-centered approach. Based on the existing
literature, this shift is mainly driven by human capital and social capital, which together
promote innovation in smart cities. Human capital refers to the skills and competencies
embedded in individuals or groups. human capital and citizen skills play a crucial role in
driving innovation and sustainable development in smart cities [42].Robert Solow’s
pioneering work in the 1950s demonstrated that most of the productivity growth in society
comes from human knowledge and skills rather than technology. Studies by Biswas [43]
highlighted the importance of empowering citizens to ensure inclusivity and improve
efficiency, equity, and quality of life for citizens.
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Social capital refers to the quality and number of connections between social institutions
and individuals. According to Ferraris et al [44], understanding the reasons and outcomes
of stakeholder relationships and interactions in networks is crucial for sustainable
innovation. Market model innovation has contributed to the expansion of the smart city
domain [45], while citizens have also expanded their social networks through the use of
smart technologies, generating innovation drivers [46]. Ardito [47] discussed the role of
universities, while Edge et al. [48] investigated the role of politicians, business leaders, and
the community in smart city governance and planning. Innovation in smart cities is driven
by a trilateral relationship among governments, corporations, and universities [44]. Thus,
the innovation ecosystem of smart cities has transitioned from a three-helix model, which
connects citizens, governments, and businesses [49], to a four-helix model known as the
Quadruple Helix, which adds the dimension of educational institutions [50], and further
evolves into a five-helix model that includes citizens, governments, businesses, educational
institutions, and markets [51]. Additionally, higher expectations have been placed on smart
cities regarding consumer involvement, social compatibility, usability for end-users, local
job creation, and increased civic awareness [45].

4.2.3 Environmental awareness: green awareness and environmental initiatives

We identified 9 articles focusing on the role of environmental awareness and the concept
of green development in driving innovation in smart cities. These articles primarily
assessed how well smart cities have benefited from environmental awareness and the
ecological environment, which drive the decision to adopt smart technologies through
demand and participation, thus enhancing digital capability within these cities [52]. Rapid
urbanization and influx of a large population into cities have posed significant challenges
to air and soil quality. The quest for healthy and safe urban environments have stimulated
the creation of new smart technologies [53]. For example, the demand for urban ecological
environments promotes innovation in smart devices to provide real-time data that guides
citizens’ behaviors and choices, such as home energy usage [54]. Installing photovoltaic
panels in community households for self-consumption, combined with demand response
and ICT-supported programs, allows surplus energy to be traded behind the electricity
meter at lower prices, providing electricity to vulnerable groups in the city [55]. By
leveraging smart city technologies and applications, resource efficiency can be improved,
environmental pollution can be reduced, and residents’ quality of life can be enhanced [56].
The tendency of many smart city projects to prioritize top-down introduction of enterprise
service technologies without understanding citizen needs and skills has been a key reason
for the failure of such projects [57]. The pursuit of eco-cities has prompted citizens to place
more emphasis on green construction in the face of smart cities [58]. People’s concern for
environmental issues and their search for solutions have driven the enrichment and content
innovation of the smart city concept [59, 60].

4.2.4 Technological drivers: User technology and research & digital innovation

The most direct driving force for smart city transformation and innovation is technological
innovation. We identified 13 articles focusing on technology to drive smart city innovation.
Innovative technologies can be adopted to manage urban growth more effectively [61].This
aspect of innovation research primarily focuses on smart technologies, applications,
systems, architecture, infrastructure, and issues related to technology diffusion in smart
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cities, including Information and Communication Technologies (ICT), Artificial
Intelligence (Al), Internet of Things (10T), blockchain, big data, and digital twin [62, 26].

Technology's innovation for smart cities is realized in two main ways. First, user
technology innovation, such as the application of wireless network technology in urban
public spaces [63], the adoption of sustainable technologies or clean technologies at
different stages of technology diffusion [64], and wearable devices and mobile phones.
Governments, citizens, and businesses can gain flexible and timely information through the
innovation of communication infrastructure [65]. The second aspect is from the perspective
of developers, who realizes technological and digital innovation. For example, the
development of 5G technology [66], the redesign of product frameworks [67], new forms
of automated correlation that integrate geographic information systems and spatial analysis
[68], the fusion of language, image, and concepts from quantum physics in quantum
technology [69], machine learning for data analytics of smart cities [70]. and the evaluation
of smart cities [71]. These innovations provide technological support for the “smarter”
aspects of smart cities or a deeper understanding of intelligence in smart city development.

5. Discussion

The total 47 articles have been reviewed based on technology-centered and human-
centered perspectives, which focused on what drives SC innovation and how it works. In
this review, the authors develop a balance between dichotomy aspects including in
between digital technology and social fabric, administration, efficiency development and
green development. There are some significant findings.

1) The government has fostered innovation in smart cities, playing a role through policies
and governance. The factors of policy and strategy driven by the government sector are
revealed to be the following predominant factors engaged by SC innovation studies [18].
Adjustments in economic structure and technological means incentivize and constrain the
government to adapt and encourage the development and application of smart city
technologies [72]. Planning, governance and innovation of SC mainly led by policy maker
and government authority [1], which reveals that the current SC studies lack in engaged by
the lens of professionals whom have the perspective of urban planning context, including
architects, urban designer and environmental expert.

2) Social forces have driven innovation in smart cities, exerting their influence through
human capital and social capital. The innovation of smart cities is the result of a dynamic
process where public and private sector participants coordinate their activities and
resources on open innovation platforms. The different yet complementary connections
formed by these actors further coordinate and align the SC based on their developmental
stages and embedded cultural and social capacities [3].

3) Environmental awareness has propelled innovation in smart cities, playing a role through
green consciousness and eco-friendly initiatives. The development goal of SC is to
establish a place where all residents can live in a healthy and sustainable manner; the
concept of greenness and environmental interventions cannot be overlooked during the
process of smart city innovation. The contradiction between urban resource consumption
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and the limited availability of natural resources, current improvements and sustainable
development lead to higher demands for efficiency, conservation, and sustainability in
smart cities. There is a scarcity of literature focusing on the green environment and the
ecological needs of residents, which implies that further emphasis on this content is needed.

4) Technology has driven innovation in smart cities, exerting its influence through user
technology and the adoption of new technologies. The effectiveness and accuracy of smart
cities rely on technological conditions. Data collected through technological means informs
policies, planning, and public life. Therefore, advancements in technology and the richness
of technological scenarios enable smart cities to evolve and undergo systematic upgrades.

Researchers have focused on the role of innovation based on new technological practices,
products and services, leverage of organizational projects, and urban partnerships with
local knowledge as sources of innovation potential in smart cities [73, 71].1t is important
to note that these factors do not act alone but rather as a combination of multiple factors, a
combination of technology, stakeholders, and institutional advancements were needed,
various innovation elements play their roles. The government aims to better serve societal
needs, guided by innovation awareness, who facilitates the orderly operation of technology
through governance policies and institutional promotion in smart cities [68]. The social
factor aims to better utilize human and social resources to support smart cities and enhance
resource quality and efficiency, co-production makes cities more intelligent [74]. The
environmental awareness aims to improve the urban ecological systems, promotes smart
city devices and technologies by the desire for a better quality of life. The technological
factor represents objective technological conditions, which facilitates the digitalization
process of SC. These four dimensions of factors collectively drive innovation and
sustainable development in smart cities (Fig. 2).

Fig. 2. A proposed framework for the innovations of smart cities
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6. Future research and limitations

6.1 Areas for future research

The systematic review analysis indicates that smart cities are emerging as a fast-growing
topic of scientific enquiry. The social intelligence, cultural artifacts, and environmental
attributes required for urban innovation in the context of technologies have become
important driving factors in meeting the needs of urban development and fostering smart
city innovation. To address the challenges posed by this situation, it is necessary to enhance
knowledge exchange among different disciplines involved in smart city research.
Researchers should seek common ground beyond differences through ‘collective action.’
More importantly, smart city researchers need to go beyond the ‘sum-of-its-parts’ by
integrating their respective research domains. By building a collaborative environment
across different disciplines and fields, research can be enhanced to improve our
understanding and promotion of smart city innovation and development.

In addition, despite the recognition and importance given to citizen participation in both
research and practice, this study offers an important research insight into exploring how
citizens can enhance their digital literacy and engage in smart city initiatives. The city
cannot be totally smart without the effective interaction between human, social and
environmental facets of urban context [4] . Therefore, scholars in this field can, on one hand,
research on how to develop plans and strategies to provide citizens with digital literacy,
reducing barriers to technological adoption and increasing acceptance rates. On the other
hand, study suitable communication strategies that can facilitate the interaction among
government agencies, public institutions, and citizens, in order to develop truly grassroots
plans and attract public participation in smart city development.

6.2 Limitations

This review focuses on the drivers of innovation for sustainable development in smart
cities, with limited discussion on the outcomes of innovation, such as whether innovation
is successful and how success is achieved. Additionally, the discussion on the innovation
process is not extensive, including the challenges faced in urban innovation and how to
overcome them. Research on the drivers of innovation is the starting point for smart city
innovation, and the process and outcomes of innovation also require ongoing attention.
This will be the focus of future research in this paper.

7. Conclusion

This study reveals the drivers of innovation in smart cities and the mechanism of operation.
An extensive review of literature was performed in this paper, and based on that, we
conducted an in-depth analysis. From four perspectives, we identified scholars’ discussions
on the factors of innovation in the context of smart cities. With the rapid development of
global smart cities and the application of smart technologies in urban areas, a diverse and
collaborative approach is needed. Smart city renewal and innovation go beyond the
establishment of communication infrastructure; it is more important to achieve sustainable
and rational development of smart cities, ensuring that technology and urban development
serve the needs of people. It is expected that this review will animate enthusiasm for further
conversations and research in these zones.
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