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Abstract. Smart cities or intelligent cities have been gaining visibility and
importance in recent years; not only in academia but also in the agendas of
governments. Smart cities represent an important and disruptive interplay of
cities’ infrastructure, technologies, and people. Advancements in information
and communication technology (ICT) have been supported by the development
of cutting-edge technologies that involve the behaviors and experiences of city
dwellers. In this context, smart cities have changed drastically in the last years.
However, due to the rapid advancement of this multidisciplinary field, scholars
and practitioners have encountered some difficulties in catalysing the latest
advances as well as identifying a consistent and robust research agenda on this
hot topic. In order to understand the evolution of this field, this study used
bibliometric and network analysis; and identified top authors and articles. Also,
we provided research directions based on cluster classification. Lastly, this study
offers theoretical and managerial contributions.
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1 Introduction

Nowadays, 55% of people in the world live in urban areas [1] and according to
projected estimates, approximately 68% of the world’s population will live in cities
(urban areas) by 2050. This increase in population growth is already bringing
unprecedented consequences to the cities, its people and their quality of life; provoking
climate change. Due to this landscape and the recent advances in information and
communications technologies (ICT), cities need to become smarter in terms of resource
consumption.

Due to the exponential growth of data [2—4], the advances of smartphone appli-
cations, smart products (e.g., smart TVs, smart-watch, smart clothes, among others),
smart semaphore, especially with the advent of internet of things (IoT) and sensors
applications, the experiences of city dwellers have changed drastically in the last years.
In addition, with the use of GPS in activities that depend on vehicles, cities can
accumulate important data on the behaviour of citizens in order to develop government
policies to address resource usage and the well-being of the population.
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In this context, a smart city can be defined as “urban areas that exploit operational
data such as; that arising from traffic congestion, power consumption statistics, and
public safety events, to optimize the operation of city services” [5]. In recent years,
various scholars have devoted considerable efforts to provide information about the
evolution of smart cities concepts [6—8]. In this vein, a smart city occurs when its
traditional infrastructure is merged with ICT in an integrated and coordinated manner
[9]. Recent studies have shown two cutting-edge technologies that have the potential to
leverage smart cities; big data [10, 11], and the internet of things (IoT) [12, 13]. In
addition, smart cities have the potential to leverage the quality of life as well as the
performance of the firms that use their infrastructure [14].

Moreover, the smart cities can be visualized by six main dimensions (smart
economy, smart people, smart governance, smart mobility, smart environment, and
smart living) [15, 16]. Thus, recent studies have been highlighting the importance of
smart cities in various contexts [17-21]. However, there are various barriers associated
with their development [22].

Despite these significant and important innovations in the smart city field, there
exists a gap in the literature regarding the bibliometric perspective in organizing and
analysing the advances in this research stream; same as in the current trends. In order to
outperform this gap, this study aims to (1) identify the literature on smart cities taking
into consideration the period from 2000 to 2018; (2) Give insights on the more
influential studies using a bibliometric and network analysis approach; (3) Provide
research directions to scholars and insights to practitioners and managers.

By employing a bibliometric and network analysis approach, we identified 1226
articles, which were filtered and analysed in order to understand the dynamics of this
field. Therefore, our study offers an essential contribution to theory and practice by
identifying the most influential articles and suggesting new research. The next section
of this paper presents the smart cities brief concept. In sequence, the methodology is
highlighted, followed by results analysis. Next, the discussion and research agenda is
provided. Finally, the main conclusions are synthesized.

2 Smart Cities: Brief Concepts

A smart city (or intelligent city) is defined [7] as “when investments in human and
social capital, traditional (transport) and modern (ICT) communication infrastructure
fuel sustainable economic growth and a high quality of life, with a wise management of
natural resources; through participatory governance”. There are several definitions of
smart cities in existing literature (see [6]). However, based on majority dynamics, there
is an interplay between ICT, people, government, and resource consumption.

Recent studies on smart cities have contributed significantly by integrating and
expanding concepts with frameworks. For instance, [23] presented an approach in
which smart cities integrate energy (sustainability and optimization), mobility (move-
ment), community (participation and communication), environment (enhancement),
and economy (dynamism and innovation). Another interesting framework was pro-
vided by [12], whereby integrating smart cities approach with the internet of things
(IoT), provided an urban information system that connects intelligent transportation,
video monitoring, health monitoring, and environmental monitoring, among others.
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Following the frameworks’ perspective, [24] proposed an engaging framework
called the SMART model. The purpose of this model was to provide insights into smart
cities’ implementation, integrating strategy levels and strategic steps, as well as
dimensions, and focus. Finally, [25] provided a good literature review on the smart city
field and proposed a framework on the smart cities schools of thought.

3 Method

This study follows a bibliometric approach [26, 27] to identify, collect, organize, and
analyse articles about smart cities. Firstly, in the keywords definition, we used the
following combination: smart cit* OR intelligent cit* in the titles of the articles pub-
lished in English between 2000 and 2018, in the Web of Science (WOS) database.
WOS is one of the largest databases worldwide [28] and has been used frequently in
studies reporting literature reviews [29]. The search resulted in 1,226 articles. We
analyzed the articles by employing an excel spreadsheet [30] and VOSviewer to net-
work analysis [27].

4 Results

4.1 Articles Published by Year and Top Twenty Journals

As the initial analysis, Fig. 1 highlights the number of articles published by year during
the period 2000-2018. As can be seen, between 2000 and 2009, the maximum number
of papers published in a year was 4. As of 2010, the number of articles has seen
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exponential growth, reaching 460 articles in 2018. Moreover, Table 1 shows the top
twenty journals based on the number of publications. The journal with most articles
published was Sensors with 60, followed by IEEE ACCESS with 46 articles. It is
important to point out that both journals are open access format.

Table 1. Top twenty journals.

Journal Number of Rank
articles

Sensors 60 1
IEEE Access 46 2
IEEE Communications Magazine 45 3
Sustainability 36 4
Future Generation Computer Systems the International Journal |35 5
of eScience

Sustainable Cities and Society 29 6
Cities 25 7
IEEE Internet of Things Journal 22 8
Journal of Urban Technology 19 9
International Journal of Distributed Sensor Networks 15 10
IEEE Transactions on Industrial Informatics 14 11
Wireless Communications Mobile Computing 12 12
Wireless Personal Communications 12 13
IEEE Internet Computing 11 14
Personal and Ubiquitous Computing 11 15
Techne Journal of Technology for Architecture and Environment |11 16
Computer 10 17
Government Information Quarterly 10 18
IEEE Transactions on Intelligent Transportation Systems 10 19
Journal of Cleaner Production 10 20

4.2 Authors and Papers Influence

To analyse the influence of the authors, the data from WOS was extracted and analysed
using VOSviewer. Table 2 presents the top ten contributing authors, the number of
articles published, and the total citations. The author that dominated the list was Zanella
with 1104 citations, followed by Zorzi, and Vangelista, with 1102 and 1098 citations,
respectively. However, it can be seen that Bui, and Castellani with 983 citations each,
have high influence because all their citations are concentrated in only one article. In
addition, Table 3 highlights the most influential articles. In this sense, [13] was the
most cited article, with 983 citations, followed by [7] with 551 citations.



A Bibliometric Analysis and Research Agenda on Smart Cities 329

Table 2. Top ten authors based on the number of citations.

Authors Articles | Citations | Rank
Zanella, A. 4 1104 1
Zorzi, M. 3 1102 2
Vangelista, L. | 2 1098 3
Bui, N. 1 983 4
Castellani, A. |1 983 5
Nijkamp, P. |6 642 6
Caragliu, A. |3 557 7
Del bo, C. 2 551 8
De Marco, A. |3 374 9
Scorrano, F. |1 369 10

Note: Co-authored papers were counted. For
example, Bui and Castellani are authors of
the same article. The number of citations
considered up to February 25, 2019.

Table 3. Top ten articles based on citation.

Article | Citations | Rank
[13] 983 1
[7] 551 2
[8] 369 3
[9] 356 4
[31] 332 5
[12] 308 6
[32] 265 7
[6] 237 8
[33] 193 9
[5] 192 10

4.3 Publication by Country and Research Areas

Table 4 shows the top twenty countries contributing papers. China is on the top of the
list with 195 publications, followed by Italy, USA, and Spain, with 169, 164, and 144
articles, respectively. It is clear that the countries from Europe and Asia dominate the
list. North America, represented by USA and Canada reached meaningful participation.
In addition, Brazil was the only Latin American country represented. Moreover,
Table 5 presents the most influential areas of research interested in smart cities.
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Table 4. Top twenty countries contributing papers.

Countries/Regions Number of Rank | Countries/Regions | Number of Rank
papers papers

Peoples R. of 195 1 Netherlands 43 11
China

Italy 169 2 France 42 12
USA 164 3 Germany 42 13
Spain 144 4 Saudi Arabia 38 14
England 127 5 Brazil 32 15
South Korea 71 6 Pakistan 29 16
India 55 7 Japan 28 17
Australia 51 8 Ireland 26 18
Canada 48 9 Finland 24 19
Greece 44 10 Portugal 24 20

4.4 Network Analysis Based on Co-citation

Table 5. Top ten research areas.

Research Areas Number of articles | Rank
Computer science 409 1
Engineering 316 2
Telecommunications 258 3
Business economics 96 4
Environmental sciences ecology 95 5
Science technology and other topics | 95 6
Urban studies 87 7
Chemistry 74 8
Instruments instrumentation 72 9
Electrochemistry 63 10

Recent studies have highlighted the importance of network analysis [34] in the
understanding of co-citation. Thus, co-citation analysis is commonly used to gain a
better understanding of the relationship between the authors; but, it can also cover other
relationships including keywords and journals [34]. In this vein, our co-citation took
into account the cited articles as the unit of analysis, employing VOSviewer. Therefore,
we are interested in the intellectual relationships in the field [34]. Of 27251 identified
authors, our threshold was 30 citations of an article; representing the minimum number
of citations of a cited reference. This criterion reappeared in 40 articles, distributed in 3
clusters. For each of the 40 cited references, the total strength of the co-citation links
with other cited references was calculated (Fig. 2). Besides, Table 6 shows the top 5
publications by each cluster.



A Bibliometric Analysis and Research Agenda on Smart Cities 331

s

inj, 2014, iegé internet thi

e
internet

shapiro jm, 2096, rev econ s| \
7/ AN
M ¢ i\
PN
/ W
VEINEZ: w1
2= / 0,
5

mol]er'a,_lﬂém adm sc

Fig. 2. Clusters based on the co-citation

Table 6. Articles organized in a cluster based on top five studies-weight citations.

Article | Cluster | Weight (Links) | Weight (Total link strength) | Weight (Citations)
[7] 1 39 849 151
[35] 1 38 750 150
[36] 1 39 709 127
[8] 1 39 618 107
[6] 1 39 521 88
[13] 2 37 210 83
[37] 2 39 341 70
[38] 2 38 271 60
[39] 2 39 264 53
[40] 2 35 174 46
[10] 3 39 544 90
[41] 3 38 492 68
[11] 3 38 441 66
[42] 3 37 368 49
[43] 3 38 293 38
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5 Discussion and Research Agenda

This study brings contribution from both, theoretical and managerial fields. In the lens
of theoretical contribution, our research covered a period from 2000-2018 in smart
cities publication; firstly, by employing a bibliometric strategy. We can subdivide our
analysis into two periods 2000-2009, in which the maximum number of papers pub-
lished by year was 4, and 2010-2018, in which each year noted a substantial growth,
achieving 460 articles in 2018.

Also, we identified the top 20 journals based on the number of articles published,
and we discovered that the first two were open access journals. The most influential
authors were also identified in the process. Regarding the countries contributing papers,
China topped the list. Also, the top research areas based on the number of articles, were
computer science, engineering, and telecommunications, respectively. Finally, based
on the study of [27], we proposed a cluster classification (Table 7), identifying current
research and providing insights for future research. Table 7 is an important contribution
to theory; it can guide scholars in conducting future studies.

Table 7. Cluster classification and research agenda.

Cluster | Current research Suggestions for future research
1 Concepts, definitions, and Models and theories to advance the smart
understanding of smart cities cities understanding taking into account the
countries’ particularities
2 Frameworks to describe the Frameworks to understand the effect of
integration of smart cities with cutting-edge technologies (e.g., blockchain,
technologies artificial intelligence) to smart cities
development
3 Smart city governance and big Big data analytics applied to optimize the
data analytics integration of people, government policies
and firms

Thus, the proposed cluster classification and research agenda can generate insights
for scholars and practitioners interested in gaining a deeper understanding, as well as
contribute to the advancement of the field. For instance, cluster 1, has its current studies
focused basically on the concepts. Also, we identified the necessity of advancing the
understanding of smart cities’ definitions and concepts in different countries. Example
of research questions: (i) Are the six dimensions of the smart cities valid for any
country? (ii) Are there differences between developing and developed economies
regarding the smart cities understanding? (iii) What is the awareness level of smart
cities by citizens from different countries? Considering cluster 2 that is focused on
frameworks and the integration with technologies, some suggestions to advance the
field could be related to frameworks that can integrate different technologies to support
the firm’s new operations business models. Finally, in cluster 3, there exists an inter-
esting interplay between big data and smart city governance. Future studies could
explore more in-depth models associated to citizen behaviour data, in order to support
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decision-makers and governance policies for the well-being of people and the pro-
motion of the use of resources in an optimized way by the organizations.

From the managerial perspective, our study brings opportunities to managers and
practitioners, as well as to government policy makers. For example, based on the top 20
countries contributing articles, we identified a gap in the unavailability of articles from
emerging economies from Latin America and Africa. The lack in participation could be
associated to a gap in smart cities projects and implementation in these countries. In
addition, the proposed cluster classification could be a starting point for managers and
practitioners to improve their awareness of smart cities, and consequently, generate
insights to enable them integrate and develop projects for their businesses based on the
smart cities technologies.

6 Conclusions

Based on the bibliometric approach and network analysis, this study covered a period
from 2010-2018 in smart cities articles. Our study provided significant insights for
scholars and practitioners interested in gaining more insights into the smart cities past
and trends. In terms of the main limitations, we highlight the following: (i) we con-
sidered the keywords only in the title of the articles. Future studies can consider the
search terms in the abstract, as well as in the other articles’ section; (ii) we focused on
the WOS database. Future studies can consider other databases such as Scopus; (iii) we
developed the cluster using VOSviewer, other software can bring different results.
Despite these limitations, our study provides useful insights for scholars and practi-
tioners interested in smart cities.
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