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Abstract

In this study, we review articles published in the last five years at the intersection of big data
and the smart city context, focusing our analysis on a dataset of 192 articles. We use content
analysis to identify recent trends and future research directions. The most influential research
areas include using big data analytics, electric vehicle integration, and citizen-centric big data,
while the most recent research area that emerged is green space. Our results highlight that big
data can influence eight different dimensions of smart cities, with smart mobility attracting the
most attention from researchers in the application of big data in smart cities. In contrast, smart

people and smart economy are the least explored dimensions from this perspective.
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1. Introduction

With the increasing number of devices such as mobile phones and various sensors connected
to many products and infrastructure in daily use, and the interaction of many actors including
humans, there is a massively increasing amount of data that can be called big data. Although
smart cities represent an evolution and modern version of living spaces, big data plays a key
role in how cities can be smarter and use their data to gain valuable insights that enable effective
decision making. Big data is both the result and the building block of technological
advancements that are the means to accelerate the development of smart cities. The use of big
data can benefit smart cities in various sectors such as infrastructure, healthcare, transport,
energy, and environment, among others (Batty, 2019; Kourtit et al., 2017).

Big data analytics for urban governance and planning purposes is crucial for the formation and
operation of smart cities. It is assumed that as the accessibility of real-time high-frequency data
increases, so does the ability of intelligent systems to detect patterns in the behaviour of
elements of urban systems. The premise is that urban big data analysis can be instrumental in
optimising city resources and solving long-term problems in cities (Kandt & Batty, 2021).
Despite the growing number of successful applications of big data in many cities around the
world, understanding the use of big data for smart cities remains scarce in the current literature
(Lim et al., 2018). Moreover, only few studies have provided an overview of the use of big
data for smart cities, regardless of the application area. Notably, Hashem et al. (2016) defined
the ecosystem of big data and the enabling technologies, highlighted how to standardize data
management and data processing, and showed several scenarios of how smart cities can benefit
from big data. Al Nuaimi et al. (2015) elaborated on the benefits and opportunities of big data
for smart cities, specifying the enabling requirements to capture the benefits of big data and the
associated challenges. Most recently, Karimi et al. (2021) systematically reviewed algorithm-
and architecture-based approaches to the use of big data in smart cities.

However, prior studies on the use of big data in smart cities have tended to identify the benefits
and challenges associated with the application of big data in smart cities while neglecting to
identify key research trends and emerging research areas. Indeed, rapid changes in data
architectures and artificial intelligence methods are having a serious effect on the use of big
data in smart cities. Therefore, the aim of this work is to identify current research trends in this
area. Specifically, this study adopts a content analysis approach to review recent research
published between 2017 and 2022 related to the intersection of big data and smart cities. When

analysing recent research efforts, research gaps can be highlighted and opportunities for future



research are suggested. To further investigate the impact of big data on individual smart city
dimensions, such as smart mobility and smart environment, we select a shortlist of relevant
studies and discuss the potential of using big data to enhance each of those dimensions.

The importance of this study lies in providing an understanding of the current evolving trends
of big data as an enabler for the development of smart cities, thus maximizing the full potential
of smart city capabilities in the context of urban spaces. Several stakeholders such as urban
planners, policy makers and technology leaders can benefit from this study to leverage big data
to drive innovation and promote data-driven decisions. The applications and use cases of big
data are increasing every day, as are the strategies for developing smart cities, so it is clear that
city planners need to continuously adapt and evolve their strategies accordingly to keep up with
the expectations of their citizens and to address emerging challenges and demands in the most
effective way.

The remainder of this study is organized as follows. Section 2 presents related previous studies
on the use of big data in smart cities. Section 3 describes the methodology used. Section 4
shows the results of the content analysis and typology of big data applications in terms of smart
city dimensions. Section 5 discusses the results and suggests future research avenues, and

Section 6 concludes.

2. Related Literature

Smart cities have specific characteristics that have information technology at their core. Smart
cities rely on the development of human capital, which is a strong player in the development
of the city. Efficient transport is needed to ensure smooth and fast mobility. Efficient
governance and resource management are essential for sustainable development and economic
growth. Infrastructure development and environmental protection are also essential to improve
quality of life. The definitions of smart cities were summarized by Hajek et al. (2022),
concluding that a smart city relies on ICT capability that improves resource efficiency,
facilitates transportation, affects people, increases lining standards, promotes prosperity, and
sustainability. The rise of smart cities is an outstanding illustration of the diffusion and
utilization of big data analytics (Karimi et al., 2021).

Big data is often referred to as a large amount of data that is difficult to store and process with
simple tools and requires advanced techniques; as descried by Jorgensen et al. (2014), big data

processing requires high computing power, leveraging advanced techniques of machine



learning and artificial intelligence to process these huge and complex datasets. Big data has
three main characteristics defined by Laney (2001), often referred to as the 3Vs:

1. Volume: the data is in huge quantities, typically social network data.

2. Velocity: the data are created in real or near real time, e.g., e-commerce and back

transactions.
3. Variety: the data are available in different types and shapes, such as structured,
unstructured, and semi-structured data.

Smart cities are linked to technological advancements, with technologies such as big data, the
Internet of Things (IoT), and machine learning enabling the development of smart cities and
are interconnected. As the number of 10T devices and sensors is increasing dramatically,
generating a huge volume of data, which is exponentially growing big data, machine learning
becomes very necessary to help in collecting, processing, and making sense of the huge amount
of data to gain insights and enable effective decision making (Moreno et al., 2017). However,
some authors highlight the inadequacy of current machine learning solutions. Mohammadi et
al. (2018), for instance, underline the problem of wasting unlabelled data, highlighting the
importance of semi-supervised learning for smart cities to overcome this challenge.
Al Nuaimi et al. (2015) identified three main benefit areas of big data in smart cities, namely
efficient resource utilization, improved quality of life, and higher level of openness and
transparency. Allam & Dhunny (2019) emphasized that, on the one hand, artificial intelligence
is needed to efficiently manage big data, but, on the other hand, human dimensions cannot be
lost in smart cities and liveability dimensions should be supported by this technology. Hashem
et al. (2016) introduced a vision of how big data can be analysed to support smart city
objectives, relying on security and data science models. Lim et al. (2018) identified four
reference models based on urban big data use cases, namely local operations management,
preventive local administration, local information diffusion, and local network development,
referring to different industry areas of big data applications. According to Bibri (2019), there
are significant opportunities for big data analytics and its use in future smart cities to enhance
their contribution to sustainable development goals. This can be achieved by optimising and
improving urban services, functions, operations, policies and strategies, as well as addressing
complex analytical questions and advancing knowledge domains. However, along with the vast
opportunities to be embraced and harnessed, there are significant challenges that need to be
addressed in order to successfully implement big data technology and its innovative
applications in cities, including technical, analytical, computational, and logistic challenges.
Using the value chain approach, Léfgren & Webster (2020) argue that many challenges are



related to the technocratic perspective of governance, embedded norms, and emerging
surveillance practices. The ethical requirements for the use of big data in smart cities were
highlighted by (V. Chang, 2021), categorizing current ethical issues into (a) privacy and
surveillance, (b) data integrity, (c) social equity and the aging population, and (d) public
transportation.

Several studies have explored the use of big data in smart cities while identifying pertinent
challenges in specific application areas such as healthcare (Pramanik et al., 2017), public safety
(Liu et al., 2022) and transportation (Zhu et al., 2019). For example, Pramanik et al. (2017)
presents a structured assessment of various technologies related to big data and intelligent
systems, along with a thorough examination of advanced healthcare systems. From this
analysis, three main technical branches (machine learning, intelligent agents, and text mining)
are identified as significant contributors to the advancement of healthcare systems. In
particular, a framework for a big data-enabled smart healthcare system is proposed, including
theoretical models that represent intra- and inter-organisational business dynamics in the
healthcare domain. Zhu et al. (2019) examined the attributes of big data and intelligent
transport systems (ITSs), and present a framework for implementing big data analytics in ITSs.
The framework outlines various categories of big data analytics applications. In addition, the
authors present several case studies that demonstrate the application of big data analytics in
ITSs, such as road traffic flow prediction and road accident analysis. Using a design science
paradigm, Liu et al. (2022) proposed a model-driven approach to scenario modelling in
government big data governance. This approach aims to enable flexible scenario modelling in
the context of government operations.

Big data has diverse applications in different aspects of smart cities, including economy,
governance, transportation, environment, and energy (Soomro et al., 2019). In terms of smart
economy, big data enables the management and analysis of huge amounts of historical
economic data, which contributes to the analysis and prediction of future economic scenarios,
with economic forecasting being a key application. In smart governance, big data analytics
enables the extraction of citizen preferences and opinions from multiple sources such as social
media, facilitating data-driven strategies in city processes. Evidence-based decision making is
facilitated by the integration and analysis of cross-sectoral data. In smart transport, big data
analytics can help address traffic congestion by identifying alternative routes in advance,
optimising traffic parking, and providing timely medical services after accidents. In the area of
smart environments, big data analytics helps to collect, manage and analyse data from sources
such as climate data and environmental sensors. Big data analytics also plays a crucial role in



smart energy by promoting a cleaner environment, energy recycling, and reduced energy
consumption.

Despite the growing interest in big data applications, few review articles have considered their
use in smart cities (Table 1). To date, research on the use of big data in smart cities has tended
to focus on systematic review of the literature. Chauhan et al. (2016) offer a comprehensive
overview of key challenges associated with big data in smart cities, namely volume, variety,
velocity, value, veracity, privacy, and human dynamics. Furthermore, a rigorous process
applicable to effective big data management in smart cities is provided to big data practitioners.
Karimi et al. (2021) introduced a taxonomy of algorithm- and architecture-based studies.
Algorithm-based approaches prevailed, with meta-heuristic as the most widely used algorithm.
Testbeds and simulation were identified as the most commonly used evaluation techniques.
Osman (2019) reviewed 30 papers on big data analytics in smart cities, focusing on the
functional requirements and value chain. The aim was to determine the characteristics of big
data analytics frameworks used in smart cities, and to identify the design principles needed to
serve their purposes. As a result, a new framework called the Smart City Data Analytics Panel
was proposed based on the findings of the study, consisting of three layers: platform, security
and data processing. Tiwari et al. (2019) performed a bibliometric analysis of a large number
of articles related not only to big data but also to Industry 4.0 and 10T to introduce a conceptual
framework for the effective deployment of Industry 4.0 technologies in smart cities. Unlike
previous studies, this study uses content analysis of recent literature to identify the most
influential research areas and analyse their evolution. This allows us not only to avoid

subjective bias but also to reveal the most recent research trends and future research directions.

Table 1: Comparison of our study with previous literature reviews

Study Time Data Motivation Methodology
period

Chauhanet  2012- 38 articles from identify challenges of leveraging big data  systematic review
al. (2016) 2016 multiple in smart cities

databases
Allam & 1986- 57 articles from  present a comprehensive framework for systematic review
Dhunny 2018 multiple incorporating big data and Al within smart
(2019) databases cities, with the primary objective of

enhancing livability

Soomro et 2009- 66 articles from identify computing models, data models, technological and
al. (2019) 2018 multiple privacy and security, and market drivers thematic analysis

databases
Tiwari etal. 2013- 774 articles explore the role of Industry 4.0 in smart bibliometric
(2019) 2018 from Scopus cities analysis

database




Osman 2012- 30 articles from  identify the features of big data analytics systematic review

(2019) 2017 multiple frameworks used within smart cities
databases
Karimi et 2013- 46 articles from  identify algorithm- and architecture-based  systematic review
al. (2021) 2021 Google Scholar  approaches
This study 2017- 60 articles from identify the most influential research areas  content analysis
2022 WoS and IEEE  and their evolution
Xplore

3. Research Methodology

A literature review on the use of big data in smart cities was carried out to answer the following
research questions (RQs):

RQ1: What research areas are explored in recent articles on the application of big data in
smart cities?

RQ2: What is the evolution of research in the application of big data in smart cities?
To answer these research questions, we employed the following research methodology:

1. Research preparation (selection of the search strategy).

2. Data collection from databases and selection of articles included in content analysis.

3. Select words and phrases from articles in terms of frequency of occurrence.

4. Visualize science maps based on words and phrases using VOSviewer 1.6.9 (van Eck

& Waltman, 2017).
5. Identify research areas and trends by visualizing their timelines in CiteSpace 6.1 (C.
Chen et al., 2010).

First, a comprehensive search of two databases, the WoS Core Collection and the IEEE Xplore
database, was conducted. To identify relevant articles, the search criteria were used according
to Karimi et al. (2021) as follows: TS=(("big data™ AND "smart" AND ("cities" OR "city")).
Articles were retrieved for the period January 2017 to June 2022 due to the increasing number
of articles on big data in the last five years. The search resulted in 296 articles. After the
screening process and eligibility check, 192 articles were included in the content analysis.
Consistent with previous review studies (Hajek et al., 2022; Mora et al., 2019), we used content
analysis to identify clusters of research areas using the cooccurrence of relevant terms. To
further visualize the evolution of the research areas, a progressive network analysis was
performed that considers the temporal aspects of the clusters produced. Thus, new research
areas can be identified.
We then conducted a qualitative assessment to discard articles that were not relevant to the
eight dimensions of smart cities. We reached a final number of 60 articles for the analysis of

big data for smart city dimensions (Fig. 1).
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Fig. 1: Flow chart of the selection process

4 Results
4.1 Content Analysis

To answer RQ1 (What research areas are explored in recent articles on the application of big
data in smart cities?), cooccurrence analysis of terms was performed. The science maps were
produced using terms (words and sequences of words - phrases) present in article titles and
abstracts.

The analysis of the science map shown in Figure 2 resulted in five major clusters of terms listed
in the title or abstract for all articles. The largest cluster in blue was related to big data, smart
cities, and 10T, indicating a strong interconnection between the three terms. The second cluster
in purple was focused on smart city and the mechanics of big data within the smart city with
keywords such as system, network, and social media. The third cluster in red represents the
Internet and 10T with related terms, such as things, information, cloud computing, and model.
The second and third clusters emphasize a focus on data creation, generation, and management.
The fourth cluster in yellow was related to big data analytics, innovation, services, and
sustainability. The fifth and final cluster in green was the most decentralized, around keywords
such as artificial intelligence, machine learning, algorithm, classification, prediction, security,
and privacy. The fourth and fifth clusters highlight a focus on leveraging data through data

analytics, machine learning, and artificial intelligence techniques.



Sensors

data @ining
network
data amalysis
classifigation
algogithm predigtion
socialimedia
hadoop
intern things = @
ew 3 system
smart grid
patterns ;
blwta miggle!
loud ti
future ; internet offghings (iot) clouccgnputing

smart city

C‘l’ms e -
smwues iot
fog computing
analytics
information
il ot S ig data analytics
> context _ artificial igtelligence v_ha!W)geE’ g yt S VA
thipgs
intgrnet
framework
privacy innovation management
data.dpielytics
secyrity o technelogies

services Clty

big datalanalysis

sustainability
sustainable cities

Fig. 2: Science map based on the co-occurrence of terms in titles and abstracts. A full count
with a minimum number of occurrences of 5 was used. To identify terms (noun phrases), the
Apache OpenNLP library was used to detect sentences and perform part-of-speech tagging.
The map was constructed based on the similarity matrix represented by the association

strengths between the occurrences of the terms.

To answer RQ2 (What is the evolution of research in the application of big data in smart
cities?), progressive network analysis was conducted. Figure 3 indicates that seven clusters
were produced on the science map. Each cluster represents a research area over the past five
years. The evolution of each research area also highlights the relevant terms for years, in which

the corresponding articles were highly cited.
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Fig. 3: Evolution of research areas. Terms were extracted from titles, keywords, and abstracts;
nodes represent terms and articles; g-index was used to select nodes with a scale factor of 25
and the cosine link similarity. The merged network included 219 nodes and 905 edges (density
= 0.038) with modularity Q = 0.519, weighted mean silhouette S = 0.864, and harmonic mean
(Q, S) =0.648.

Table 2 reports the results of the clustering of the science map. For each cluster, the number of
articles denotes the size of the cluster, the silhouette value indicates the quality of the cluster,
and the mean value of the year indicates when the cluster was formed. Regarding the quality
of clustering, high silhouette values indicate good quality for all clusters. The overall quality
of the clusters was S=0.865, calculated as the weighted mean silhouette index. To label the
clusters, the log-likelihood ratio of terms obtained from article titles was used.

The research area of cluster 1 was “Using big data analytics”, with 44 articles and the average
year was 2019. However, as shown in Figure 3, this area of research draws on much earlier
research on loT and smart cities. In contrast, cluster 7 (“Wireless big data”) emerged in 2018
and lasted until 2020. The most recently emerged research area was cluster 6 (“Green space”).
On the one hand, the lack of strong vertical connections among the identified clusters in Figure
3 also suggests that the research areas are not well connected, even in terms of common
research foundations. On the other hand, the relatively high value of betweenness centrality of
cluster 4 suggests that the concept of smart sustainable cities is potentially critical to

understanding the remaining clusters.

Table 2: Clusters obtained from the science map



Cluster Size Silhouette Betweenness Mean Label
centrality*  year

1 44 0.896 0.23 2019 Using big data analytics

2 32 0831 0.22 2019 Electric vehicle integration
3 31  0.794 0.19 2018 Citizen-centric big data

4 30 0.889 0.25 2019 Smart sustainable cities

5 28 0811 0.16 2018 Deep learning

6 17  0.945 0.15 2020 Green space

7 10 0.988 0.10 2018 Wireless big data

* CiteSpace utilizes betweenness centrality in accordance with the principles of the structural hole theory.

4.2 Discussion on ldentified Clusters

In the following, we discuss the identified areas of research with a focus on identifying potential
future research trends in these areas. We will limit ourselves to six largest clusters from the
progressive network analysis, as the last cluster does not seem to be an active research area
anymore according to the results.

Cluster 1: Using big data analytics

During the past 5 years, using big data analytics in smart cities has attracted considerable
attention from researchers. The articles in this cluster aim to explore the potential of using big
data analytics in case studies of smart cities. For example, Xie et al. (2019) investigated how
the links among big data, 10T, machine-to-machine, and smart cities can help support and meet
the needs of retrofitting pilot projects with particular focus on traffic congestion management
and smart grid. Based on these case studies, the application guidelines for the use of big data
analytics in retrofitting projects are proposed for smart city decision makers. Other studies
develop loT-based systems using big data analytics to assist smart city planners. For example,
Rathore et al. (2017) developed a four-layer architecture to handle data collection and
generation (bottom tier), communication (intermediate tier-1), data administration and
processing (intermediate tier-2), and data interpretation (top tier). This system architecture was
later applied to smart transportation, using data from road sensor and vehicular network,
building and processing graphs, and providing aggregated interpretable results for decision
making in several domains, such as traffic and accident management, over-speed analysis,
travellers guidance, and crowded road search (Rathore et al., 2018). Finally, several challenges
of using big data analytics in smart cities were identified by Tiwari et al. (2019), namely (1)
data quality (trustworthy sources of data should be identified), (2) data integration (technical

expertise is required to integrate data from different sources), (3) data privacy (an essential



aspect for citizens), (4) understanding citizens’ needs (valued information should be
determined), (5) geographic modification (geographic information is often missing), and (6)

service design (the quality of urban services should be improved).

Cluster 2: Electric vehicle integration

Electric vehicles produce and use big data, helping smart cities become green by reducing
emissions (B. Li et al., 2017). Big data analytics was reported to be effective in integrating
electric vehicles in several ways, including battery management, optimized charging, vehicle
status tracking (B. Li et al., 2017). Big data were also used to optimize electric vehicle
transportation networks, which significantly reduced congestion spread (Lv et al., 2021). In
other studies, electric mobility as a service (eMaaS) is emphasized as a way to make
transportation more effective and greener (Anthony Jnr et al., 2020). Big data architectures can
then be utilized to collect, process, analyse and use mobility data for eMaaS in smart cities.
However, most previous big data technologies in this area relied on Hadoop clusters in the
cloud, which is a concern for processing data in real time. Indeed, due to the unprecedented
increase in the number of 10T devices, increasing cloud computing servers face the issues of
privacy, response time, storage, and security. These issues can be addressed thanks to the
introduction of emerging paradigms such as edge and fog computing, which embrace the
concept of 10T devices (Badidi et al., 2020). This is particularly relevant for smart mobility
(Pereira et al., 2019).

Cluster 3: Citizen-centric big data

A citizen-centred big data framework was introduced by (Ju et al., 2018), consisting of two
diverse perspectives, data analysis algorithms and urban governance. In the first layer of the
framework, big data are merged to create a citizen-centric panoramic dataset. Then, individual
and group citizen profiles and personas are designed, and data analysis algorithms are applied
to discover knowledge in the data. In the final layer, knowledge models are produced and
optimization algorithms are used to assist decision makers via an urban governance intelligence
ontology model. It is argued that citizen-centred data can provide a better understanding of
public opinion and citizen behaviour (Ju et al., 2018). In this line of research, Jun et al. (2018)
performed a big data analysis for the smart city of Namyangju, Korea, with the intention of
increasing the level of satisfaction with civil services that respond to the needs and demands of
newly arrived residents. Hence, it is demonstrated how big data implementation can support
smart city policy and, in turn, improve the quality of life in a city. Similarly, Kim et al. (2021)



present a text mining approach to analyse online civic query data. Thus, civic complaints can
be automatically identified in the large number of 160,000 civic queries, and the quality of

governance response can be improved.

Cluster 4: Smart sustainable cities

One of the most demanding issues in the current trend of smart cities is keeping environmental
aspects under control with the ultimate goal of sustainability. Therefore, the concept of smart
sustainable cities was introduced (Huovila et al., 2019), and big data technologies were
exploited in smart city infrastructures to support environmental monitoring (Garau et al., 2020).
In addition, predictive models can be used to control pollution levels to protect citizens from
the damage caused by pollution (Honarvar & Sami, 2019). Such pollution predictions can be
utilized in smart mobility and traffic management (J. Chang et al., 2020). Khan et al. (2022)
identified some major barriers to big data that need to be addressed in the development of smart

sustainable cities, such as the lack of technologies and frameworks for big data analytics.

Cluster 5: Deep learning

loT big data processing is an increasingly growing industry, and many researchers are
passionate about trying to make cities smarter by utilizing modern machine learning methods.
Among these methods, deep learning-based methods dominate over existing machine learning
methods, which have recently shown compelling results, especially for multimedia data
(Bellavista et al., 2020). The applications of deep learning in smart cities include the design of
distributed cyberinfrastructure to integrate city-level social networks and crowd-sourced data
to improve public safety and quality of life (Shams et al., 2018). Distributed deep learning-
based architectures for big data systems in smart cities were also used for toluene prediction
(smart environment) and wind energy prediction (smart energy) (Naoui et al., 2021). Atitallah
et al. (2020) reviewed a taxonomy of deep learning models and tools for 10T data, showing

their pros and cons along with commonly used deep learning datasets in smart city tasks.

Cluster 6: Green space

Urban green space is considered a major component of the smart environment, providing
ecosystem services such as tourism and recreation, agriculture, and air purification (Dwevedi
et al., 2018). The design and planning of green spaces require a variety of social, ecological,
and biological data. Chinese microblog data were used to model the temporal and spatial
behaviour of park visitors so that different behavioural patterns and green space categories can



be identified (Q. Liu, Ullah, Wan, Peng, Hou, Rizvi, et al., 2020). Similarly, to avoid time-
consuming surveys, location-based social network data were utilized to understand
spatiotemporal behaviour of green park visitors in Shanghai, underlining the role of social
media data in urban planning in agreement with citizen preferences (Q. Liu, Ullah, Wan, Peng,
Hou, Qu, et al., 2020).

4.3 Smart City Dimensions

As shown in Table 3, the 60 articles we selected for further analysis were divided into 8
dimensions: smart mobility, smart environment, smart energy, smart infrastructure, smart
healthcare, smart governance, smart people and smart economy. In the following, we discuss

the impact of big data on each dimension.

Table 3: Summary of the reviewed articles based on the dimensions being addressed. Manual
categorization of the articles was used to provide a more nuanced and context-specific
categorization in terms of smart city dimensions.

Dimension of smartcity =~ No.of  References
articles

Smart mobility 20 (Abberley et al., 2017; Schatzinger & Lim, 2017; Sharif et al., 2017;
Chen et al., 2018; X. Cui et al., 2019; Leung et al., 2019; Murk et al.,
2019; Hussain et al., 2020; Kanwal et al., 2020; Mystakidis & Tjortjis,
2020; Asaithambi et al., 2020; Shin, 2020; Zhou et al., 2020; W. Li &
Chen, 2021; Feng et al., 2021; Lv et al., 2021; Cavicchioli et al., 2022;
Aljehane & Mansour, 2022)

Smart environment 13 (B. Lietal., 2017; Navarro et al., 2017; Bibri, 2018; Zaree & Honarvar,
2018; Aifadopoulou et al., 2019; Honarvar & Sami, 2019, 2021; Garau
et al., 2020; Lavalle et al., 2020; Q. Liu, Ullah, Wan, Peng, Hou, Qu, et
al., 2020; Z. Yang et al., 2021; Kaginalkar et al., 2022)

Smart energy 10 (Tian et al., 2017; B. Li et al., 2017; Qiu et al., 2017; Mohamed et al.,
2018; Nandury & Begum, 2018; Pérez-Chacon et al., 2018; Mujeeb et
al., 2019; Murk et al., 2019; Sayah et al., 2020; Arif et al., 2022)

Smart infrastructure 8 (C. Yang et al., 2017; Rani & Chauhdary, 2018; Wei & Yang, 2018; T.
Wang et al., 2018; Silva et al., 2020; W. Wang, 2020; Zhang et al., 2021;
Sharma et al., 2022)

Smart healthcare 7 (Islam et al., 2017; Obinikpo & Kantarci, 2017; Pramanik et al., 2017;
Anisetti et al., 2018; Clim et al., 2019; EL Azzaoui et al., 2021; Kamel
Boulos & Koh, 2021)

Smart governance 5 (C. Yang et al., 2017; Kourtit & Nijkamp, 2018; Caputo et al., 2019;
Nica et al., 2020; Haidery et al., 2020)

Smart people 2 (Dooley, 2021; Kim et al., 2021)

Smart economy 1 (Xiao & Xie, 2021)

Smart mobility
Today, vehicles are connected to the Internet in some way or another and generate a lot of data.
These data can be processed to provide a wealth of information, such as vehicle type, traffic

levels, and congestion, which can help citizens to better anticipate and plan their journeys and



ease mobility problems. The number of electric vehicles is also growing, which is one of the
elements of smart cities. Electric vehicles can help generate different types of data that lead to
improvements not only in mobility but also in other sectors such as energy by optimising
charging methods and the environment by providing information on emission levels and
working to reduce them. We identified 20 articles that address the use of big data in the context
of smart mobility, including road congestion modelling (Abberley et al., 2017), vehicle routing
(Aljehane & Mansour, 2022), autonomous vehicle management (Cui et al., 2019), shared
electric vehicle use (Feng et al., 2021), electric vehicle integration (Hussain et al., 2020), smart
parking systems (W. Li & Chen, 2021), and smart traffic management (Sharif et al., 2017).

Smart environment

The environment and sustainability have always been key drivers of smart city development
(Akande et al., 2019). Smart cities strive to protect the environment and conserve natural
resources. The 10T has specific use cases to enable environmentally friendly and sustainable
production and consumption patterns under the so-called Green Internet of Things, "G-loT".
G-10T can use data to help monitor pollution levels, resource consumption, and share resources,
with better insight enabling citizens and government authorities to make better environmental
decisions. The identified articles in this dimension mainly present analytical networks for 10T-
based big data applications (Bibri, 2018; Garau et al., 2020; Navarro et al., 2017).

Smart energy

Energy fuels many infrastructures and resources. Cities have a growing demand for energy,
which drives increased production and development. Smart cities are working to use big data
analytics to increase the level of efficiency in energy production and consumption. These
efficiencies can be applied to monitoring and controlling energy networks through several
thousand sensors. The articles classified in this dimension comprise applications such as
automatic detection of electricity theft (Arif et al., 2022), smart grid operation (Nandury &
Begum, 2018), energy management of buildings (Mohamed et al., 2018), electricity price and
load forecasting (Mujeeb et al., 2019), and the analysis of behavioural patterns of electricity
consumption (Pérez-Chacédn et al., 2018).

Smart infrastructure

Infrastructure is a very broad dimension that can encompass many different sectors. If focused
on some physical infrastructure such as buildings, roads, and bridges, a large amount of data
can be collected and used to help smart cities monitor the quality of infrastructure and
proactively predict and prevent potential damage. Articles in this domain deal with smart



infrastructure oriented to loT (Sharma et al., 2022), the Web of Things (Silva et al., 2020),
infrastructural health monitoring (T. Wang et al., 2018), and enhancement of critical
infrastructure in order to promote smart city resilience (C. Yang et al., 2017; Zhang et al.,
2021).

Smart healthcare

Healthcare services are very important to people in terms of their quality of life and their
satisfaction with the city in which they live. Big data can drive smarter healthcare systems, as
data can be generated from different devices connected to people and then fed into healthcare
systems, allowing real-time monitoring and effective decision-making on patient health.
Several applications based on big data collection and ICT technologies such as mobile and
cloud technologies have been developed in this area. Privacy-aware big data analytics can serve
as a valuable tool supporting public health policies (Anisetti et al., 2018; Clim et al., 2019),
including prediction of Covid-19 outbreaks (EL Azzaoui et al., 2021).

Smart governance

City management is constantly looking for ways to make effective, quick, and informed
decisions. Big data can play a role here and support the decision-making process through
solutions such as an interactive dashboard that reveals more and faster information about the
performance of different sectors, informs different stakeholders, highlights patterns, highlights
issues that need to be fixed, and suggests corrective actions. The identified articles handle the
following issues: residential density analysis (Haidery et al., 2020), introduction of smart city
ecosystems (Caputo et al., 2019), decision-support systems using big data dashboards (Kourtit
& Nijkamp, 2018), and crisis management (C. Yang et al., 2017). On the one hand, technology
can have a positive effect on the balance of power. Technology can facilitate collaboration and
co-creation between citizens, mayors and city administrators, and online platforms enable
collective problem-solving and policy-making collaboration. On the other hand, ensuring equal
access to technology and digital literacy are essential to prevent disadvantaged communities
from being further marginalized. In addition, to protect citizens' rights and maintain trust in
technology-enabled governance, strong data protection and privacy measures should be in
place.

Smart people

The modern era of smart cities is citizen-centric. Active citizens and their participation are
therefore crucial to the development of a smart city. Governments that manage smart cities are

developing many electronic and on-line public services to facilitate citizen engagement and



provide quality services at their fingertips. Seoul is one of the cities where a large amount of
data is collected from citizens through online platforms. These data represent citizen
interactions with e-government services, including requests, suggestions, and complaints. The
volume of data can be hundreds of thousands or millions of records over the years, where it
can be analysed and used to gain insight from the citizens’ perspective on how the city can
adjust its urban planning and policies to better meet the needs and desires of its citizens (Kim
et al., 2021). From the perspective of passive participation, citizens are viewed as sensors and
sources for big data analytics (Dooley, 2021).

Smart economy

Economic development is the result of the development and management of all other
dimensions. In other words, smart governance will lead to a more efficient and higher use of
city resources and consequently economic growth; similarly, a healthy and intelligent
population will lead to a more engaged, efficient, and productive population and, therefore
economic growth. Several studies have looked at the impact of big data and smart city
construction on economic growth, finding economic and social benefits (Zhao & Zhang, 2020).
Indeed, the identified study found that smart cities and big data promote economic growth and
improve the quality of urban development (Xiao & Xie, 2021).

Additional considerations

The eight dimensions above are indicative, some studies branch around them or regroup them
in a different way to focus on a particular dimension. Therefore, smart technology can be
considered as a dimension, a sub-dimension of smart infrastructure or an overall enabler. There
is no doubt that the impact of technology is fundamental to the development and evolution of
smart cities. However, making it the core part can lead to the risk of slowing down the
development of smart cities or undermining the impact of the environment, sustainability or
citizens' needs (Dana et al., 2022). Specifically, an over-emphasis on technology without
considering broader issues of viability and sustainability can pose threats to cities, such as a
widening of the 'digital divide', negative environmental impacts, a decline in community
engagement and the creation of vulnerabilities in urban systems.

Ultimately, smart cities depend on the engagement of citizens and their acceptance of new
concepts, while seeing value in responding to their needs. Here, culture plays a key role in
citizen participation and acceptance of the whole ecosystem (Allam and Dhunny, 2019). In
other words, culture influences the way people interact with their surroundings, their

environment, including technology. Their behaviour, values, preferences and attitudes can



accelerate or slow down certain dimensions of smart city development. And as this paper
focuses on the role of big data in the development of smart cities, concepts such as privacy and
digital trust are essential to harness the collection, storage, processing, and sharing of data,
which in turn goes back to culture. For example, GDPR applies to all companies processing
data of EU citizens, but may present some challenges for GAFA and its involvement in smart
city development in the EU, including obtaining explicit consent, implementing privacy-by-
design principles, and addressing data purpose and data location restrictions.

Similarly, smart healthcare is sometimes considered together with public safety as a key focus
area of smart living (Allam and Dhunny, 2019). Our results suggest that the identified articles
focus on smart healthcare rather than public safety, so we opted for the smart healthcare
dimension and included public safety in the smart infrastructure dimension.

There are a number of factors that can make the application of big data in smart cities different
between small, medium-sized, and large cities (Borsekova et al., 2018; Duygan et al., 2022).
The infrastructure and the volume of data generated are typically more extensive in large cities.
This scale provides the opportunity for a more comprehensive collection and analysis of data.
Large cities, with their complex transport networks, diverse economic activities and varied
social dynamics, tend to generate a more diverse range of data. As a result, more comprehensive
insights into urban challenges and more targeted interventions can be gained from this diversity
of data sources. However, even in smaller cities, the data that is available can still provide
valuable insights for the improvement of services and decision making. Taking into account
their unique context and challenges, they can adapt and customise technologies to their specific

needs.

4.4 Future Research Directions

Taking into account the identified research areas and the dimensions of smart city discussed
above, Table 4 presents the suggested future research directions for the identified research areas

and the dimensions of smart cities.

Table 4: Suggested future research directions

Research area Future research directions Smart city dimensions
Using big data analytics — Evaluate the economic impact of using big data analytics smart economy

— Integrate technology-centered and human-centered scenarios ~ smart people
Electric vehicle — Evaluate the impact of edge / fog / edge-fog computing on smart mobility,
integration smart energy and smart mobility smart energy

— Green fog computing in smart cities smart infrastructure




Citizen-centric big data — Deploy responsive governance in real time to meet the smart governance
citizen needs

— Utilize state-of-the-art language and image models to smart people
understand citizen needs
Smart sustainable cities — Develop big data analytics technologies and frameworks for smart infrastructure

smart sustainable cities
— Exploit the nature of big data in developing smart sustainable  smart environment
cities
Deep learning — Develop distributed parallelism strategies for deep learning smart infrastructure
— Use computationally effective deep learning architectures for ~ smart infrastructure
multimedia and multimodal data
Green space — More research on the combination and visualization of smart environment
demographic, biological, and environmental data from urban
green space
— Integration of IoT into natural environment smart environment

5. Conclusion

We can conclude that the use of big data can bring about a number of benefits for the
development of smart cities. As mentioned in the results section, most existing studies have
investigated the impact of big data on smart cities with use cases in different sectors, mostly
trying to apply data analysis techniques to enable more efficient resource management and
decision making.

Current research areas on the use of big data in smart cities were mainly in 0T, big data
analytics, predictive analytics, and the challenges of big data in smart cities (RQ1). Progressive
network analysis revealed several research areas that dominate the recent research in this field,
especially using big data analytics, smart mobility, citizen-centric big data, smart sustainable
cities, deep learning, and green space applications (RQZ2). As a result of our evaluation, we
mapped the 60 shortlisted studies that address the use of big data in smart cities onto eight
smart city dimensions. It seems that the biggest focus in the use of big data in smart cities is on
smart mobility with use cases related to traffic management, smart parking, and efficient
transportation systems. Smart environment, energy, and infrastructure also seem to be
attracting a lot of attention with several use cases related to environmental and sustainability
monitoring, automated energy production and consumption management systems, as well as
infrastructure monitoring. Several studies have addressed multiple dimensions, for example
(Aifadopoulou et al., 2019). However, we expected to find more studies related to dimensions
of smart economy and smart people, as we could identify only two studies related to smart
people and only one study related to smart economy. This leads us to identify these two

dimensions as the main research gaps and to suggest that future research should focus on areas



related to value stream creation for the smart economy sector in smart cities based on big data

such as the decentralized economy.
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