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Abstract

:

(1) Background: Smart cities have been gaining attention in the community, both among researchers and professionals. Although this field of study is gaining some maturity, no academic manuscript yet offers a unique holistic view of the phenomenon. In fact, the existing systematic reviews make it possible to gather solid and relevant knowledge, but still dispersed; (2) Method: through a meta-review it was possible to provide a set of data, which allows the dissemination of the main theoretical and managerial contributions to enthusiasts and critics of the area; (3) Results: this research identified the most relevant topics for smart cities, namely, smart city dimensions, digital transformation, sustainability and resilience. In addition, this research emphasizes that the natural sciences have dominated scientific production, with greater attention being paid to megacities of developed nations. Recent empirical research also suggests that it is crucial to overcome key cybersecurity and privacy challenges in smart cities; (4) Conclusions: research on smart cities can be performed as multidisciplinary studies of small and medium-sized cities in developed or underdeveloped countries. Furthermore, future research should highlight the role played by cybersecurity in the development of smart cities and analyze the impact of smart city development on the link between the city and its stakeholders.
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1. Introduction


In recent years, smart city initiatives and projects have grown around the world [1]. This progress has been in part driven by recent advances in Artificial Intelligence (AI) and the Internet of Things (IoT) that have facilitated the continuous improvement of applications such as smart health, transportation and environmental management [2]. “Smart cities” is a multidimensional term, and there is not a consensus on its definition [3]. However, there are prerequisites for smart cities, such as social, environmental and economic sustainable development, and improvement of society’s living standards by using disruptive technologies [4]. Given the short cycles of technological development, it is relevant to know where these developments are heading with respect to smart cities. Notable researchers have taken some steps ahead, claiming that while the literature is ripe with descriptions of pioneering cities, there is far less systematic research into why some cities are more advanced than others [5]. In recent years, a large number of systematic studies on smart cities have been performed, bringing together contributions that can provide guidelines for further research in the field of smart cities. A study similar to this article was recently published by Esashika et al. [6], who provided a systematic review and meta-synthesis of smart cities. The authors found interesting results, such as a convergence in the literature on the primary characteristics of smart cities. The research offered a systematic and robust understanding of smart cities. However, a meta-review supported by reporting protocols (e.g., critical appraisal program) was not presented by these authors. Therefore, this article intends to fill this gap in the literature, by carrying out a meta-analysis supported mainly by the CASP (Critical Assessment Skills Program), which is a critical assessment tool for systematic reviews. Meta-reviews are known to summarize evidence on a subject [7], depending on the information provided by existing reviews and their quality [8]. Thus, this meta-review was able to gather, synthesize and evaluate the existing literature, while the results are expected to influence future research, practice and policy [7]. That said, this research answers the following research question: Where are smart cities heading? Despite the variation in the research purpose and scope, a consistent message from the meta-review is that the continuous growth of digital technologies has contributed to the development of innovative product-services that seek solutions to environmental, political, economic and social challenges. In line with Esashika et al. [6], we identify topics that are relevant to smart cities, namely the dimensions, digital transformation, sustainability and resilience of smart cities. Preliminary results also suggest that research on smart cities has been monodisciplinary and very focused on megacities in developed nations. Therefore, future research should be more comprehensive and address smaller cities in developing countries.



The next section of this article focuses on the description of the methods employed, highlighting the PRISMA protocol (Preferred Reporting Items for Systematic Review and Meta-Analysis Protocol) and the content analysis technique. Section 3 presents the results of the analysis, including the state of the art, supported by a report (see Table A1, Appendix A) and a Critical Assessment Skills Program (see Table A2, Appendix A). A discussion of the results follows, supported by VOSviewer 1.6.18 (https://www.vosviewer.com, accessed on 10 July 2022), aiming to provide guidelines for future research. The last section presents the conclusions, summarizing the theoretical, managerial and political contributions.




2. Materials and Methods


2.1. Search Strategy


The search was carried out in Elsevier Scopus, with article title, abstract and keywords to identify peer-reviewed systematic reviews in English, including reviews in press, and ahead of print. Search terms were “smart cit*” AND “review*” OR “meta-analy*”. In the Scopus search toolbar, we used an asterisk (“smart cit*” and “meta-analy*”) to include spelling variations. For example, the asterisk allows to include “smart city” or “smart cities” as a search term. In June 2022, Scopus identified 2865 documents. The coverage ranged from 2000 to mid-2022, with an exponential growth identified in 2014. The identified documents were mainly conference proceedings (40%) and articles (30%) from India, the USA and China, in the areas of computer science (26%), engineering (20%) and social sciences (12%).




2.2. PRISMA Protocol


Given the high number of hits, we restricted the Scopus search to document titles. Moreover, to further refine the search, a PRISMA protocol was used. Generally, meta-reviews employ more than one database. However, using a single database, it is possible to more objectively achieve the characteristics that differentiate a systematic review, such as being transparent, replicable and easily accessible [9]. Scopus was selected since it is considered the largest international and multidisciplinary research database of peer-reviewed manuscripts [10]. The Scopus option has also been taken by other researchers publishing articles [10,11] or conference papers [12,13] on smart cities. Another argument that justifies the use of Scopus is the coverage of journals in the area of Natural Sciences and Engineering [14], areas typically associated with smart cities.



Figure 1 shows that 286 manuscripts were identified. Reviews not written in English or not published in peer-reviewed journals were excluded. This meta-review also covers the literature from 2020 to mid-2022, as most of the quality articles were published in this period. Once this process was completed, 54 reviews were obtained. In the eligibility phase, all manuscripts were carefully read in order to exclude articles for which we did not have access to full text (n = 4) and those that did not include systematic review and meta-analysis as a research strategy (n = 21). Some exceptional cases were considered. That is, even though the words “systematic review” were not identified, articles that followed a systematic procedure (e.g., PRISMA) were considered for analysis. Considering that we did not include any additional articles that were not obtained in the Scopus search, we ended the search with 29 reviews. As this meta-review provides a considerable summary of the literature after 2020, relevant studies may have been left out. Therefore, this meta-review should be seen as a snapshot of a period of time. An additional limitation of this research is related to the purely theoretical nature of the results, requiring empirical validation.




2.3. Data Extraction and Synthesis


While data were extracted from Scopus and refined by PRISMA, a report was created with the following data (Table A1): author(s), year, search period(s), search database(s), review method, and main findings. The report made it possible to synthesize the existing knowledge over the last two and half years, providing a holistic view of the subject. Moreover, a content analysis was also carried out. This technique is well known in the field of qualitative research [15] and is useful for analyzing reviews in greater detail. The process started with reading the selected reviews and adding them to NVIVO 12 (https://www.qsrinternational.com, accessed on 24 June 2022). Analyzing qualitative data involves reading a large amount of text, looking for similarities or differences and then later finding themes and developing categories [16]. Thus, the software made it possible to integrate, code and analyze a large volume of data, dividing it into (sub)categories [17]. In more detail, the process began with identifying ideas and coding relevant words and phrases. Once this process was complete, the categories and subcategories were identified. These made it possible to identify emerging patters and ideas in the codes, in order to generate a map that provided a more detailed view of the data. The use of NVIVO 12 as a qualitative data analysis program was valuable for a more efficient analysis, being suggested by researchers who argue that this software strengthens qualitative research [18,19]. The information resulting from the content analysis is presented in Section 3 of this article. This process was also supported by VOSviewer 1.6.18, which allowed the construction and visualization of co-occurrence networks of keywords extracted from selected articles.




2.4. Quality Assessment


The methodological quality was assessed using the Critical Appraisal Skills Program (CASP), which is a qualitative checklist of scores for the included reviews. To do so, we used the protocol available on the CASP website (https://casp-uk.net, accessed on 3 July 2022), which already provides information regarding systematic reviews [20]. CASP analyzes the selected reviews using 10 possible items (see the footnote of the Table A2). For reliability reasons, 20% of the review studies were randomly selected for independent classification by an external researcher. CASP was very useful in selecting the high-scoring reviews and identifying the most relevant themes for the analysis. Finally, the exercise of critical evaluation in qualitative studies is of paramount importance in terms of validity [21], hence our choice to use the CASP.




2.5. Summary of the Methodological Process


Figure 2 graphically presents the methodological process for the meta-analysis. The materials and methods used in the selected articles (n = 29) are very relevant, as they accurately present the degree of maturity in smart cities. Most of the articles used PRISMA and, in some (few) cases, bibliometric analysis, as shown in Table A1. To the best of our knowledge, this is the first meta-review. Therefore, the fundamental concept behind the design of the methodological process in this article was inspired by notable researchers who have followed a similar method. For instance, Cheng and Zhang [10] performed a comprehensive meta-review of systematic reviews and meta-analyses. To this end, they carried out a systematic literature review supported by AMSTAR II, which is a critical appraisal tool for systematic reviews that include randomized or non-randomized studies of healthcare interventions, or both [22]. Another similar study was presented by O’Connor et al. [23], who performed a meta-analysis supported by PRISMA and assessed by CASP. Although we highlight the authors identified above, many other meta-reviews have followed a combination of protocols and content analysis/software [24,25,26].



The methods used are linked to the articles we reviewed, insofar as: (1) they allowed us to select the most suitable manuscripts from a vast literature; (2) they clearly define topics related to smart cities; (3) they develop a conceptual model; and (4) they define a research agenda (Figure 2). The next section will present the results of the article and explain in more detail each of the previous four points.





3. Results


The publisher of peer-reviewed journals with the highest percentage (55%) of article publication was the Multidisciplinary Digital Publishing Instituto (MDPI). In addition, 62% of the published articles were Scopus Q1. However, the average CASP score (Table A2) is 16 pts, which means the overall quality is good (on a 4-level scale: excellent, good, moderate, poor). Only 24% of the articles scored excellent [27,28,29,30,31,32,33], 60% good and 17% of moderate quality. Most of the generally high-scoring reviews (i.e.,  ≥ 16%) published in Q1 journals focused primarily on topics such as smart cities dimensions [27,29], digital transformation [31,32], sustainability [30,32,34,35,36,37] and resilience [30,38,39]. With lower scores (i.e., <16%), we found technical themes such as IoT [40] and sensors [35] for sustainable smart cities. The same does not apply to augmented reality [41], artificial intelligence [42] and cyber [39,41], which achieved higher scores, even when published in Q2 journals. This phenomenon is partially explained as the authors may have had difficulty finding relevant studies on these specific technical themes, resulting in less relevant findings when compared to others. In particular, as we will see further on, research in smart cities is monodisciplinary (i.e., too focused on certain research areas). Based on the above information, we present the conceptual framework of smart cities (Figure 3). The conceptual framework was basically developed using the information from articles that achieved a high CASP score and were published in Scopus Q1 journals. The description of each topic is presented in the following subsections.



3.1. Smart Cities Dimensions


There is no consensus in the literature on the dimensions of smart cities. However, there is some degree of agreement in the selected dimensions (Figure 3). Sharif and Pokharel [27] identified six dimensions, namely “smart economy”, “smart governance”, “smart living”, “smart mobility”, “smart people” and “smart environment”, while Kasznar et al. [29] identified three main dimensions, “technology”, “community” and “governance”. Grouping the dimensions identified by Sharif and Pokharel [27] and by Kasznar et al. [29], we place special emphasis on (1) “community”, which includes smart life, smart mobility and smart people, and (2) “governance” where we focus on smart governance and smart environment. As far as technology is concerned, we frame it as being directly related to digital transformation, which is one of the macro topics analyzed in the article.



This section follows a top-down approach to the conceptual framework, starting with a discussion of the “community” dimension (Figure 3).



In the literature, it is evident that “social infrastructures” (topic III) of smart cities have a strong relationship with human and social capital. Human capital (i.e., skills and proficiencies of a person or group) and social capital (i.e., number and quality of relationships that connect social organizations) are critical, as they foster innovation. In this regard, universities stood out in the literature, as they are organizations formed by highly qualified people (i.e., “intelligent people”). Intelligent people usually stimulate human capital, and tend to develop disruptive technologies, transferring them to public and private organizations. E-participation and e-government are good examples, as they are based on the latest technologies, such as AI. These technologies have improved the participation of citizens in general, as they make cities more efficient in terms of decision making by policymakers and government service delivery. The “smart environment”, in addition to being part of the community dimension (topic I), is also directly related to the “sustainability” of smart cities (topic III). This dimension includes a series of waste management strategies, pollution control, etc. That is, the use of technology assists in the preservation of natural resources through sustainable methods and real-time data collection. These methods are helping decision makers to optimize the classification, collection, recycling and reuse of waste. The Organization for Economic Co-operation and Development (OECD) considers the development and preservation of natural, economic and human capital to be essential elements for “smart living”. All factors that make contemporary human life possible, such as social well-being and associated technologies, can be included in this sub-dimension. “Smart living” is also broad, as it spans from using smart home applications (e.g., home automation) to the workplace (e.g., grid-connected and internet-enabled lighting and security). These applications may also collect personal and private data about their users, incurring privacy and security risks. Lastly, “smart mobility” is often focused on transport systems and infrastructure, as frequent problems in cities are related to congestion, queues and delays. In this sub-dimension, the widespread use of connectivity (e.g., IoT) has been key. It provides real-time data to determine the best routes, allowing traffic efficiency and greater security.



Regarding “governance”, it can be subdivided into two relevant issues (Figure 3).



The “smart economy” comprises the guidelines and policies that inspire innovation and creativity. Innovation is associated with scientific research and disruptive technologies, with special attention given to sustainability (topic III). In general, the smart economy makes use of information and communication technologies (ICT) to improve the economic element of a community and the socially responsible use of resources. The smart economy has unique characteristics, challenges, and solutions, requiring disciplined development in different areas such as science, industry and business. The second issue is “smart governance”, which, through political and strategic decisions, is associated with decision-making for a better provision of public and social services. Governance is therefore seen as the coordination between the citizens and administrative institutions of a state. To maximize efficiency, smart cities integrate private and public servers, ensuring that all city services and resources are served through high-tech solutions. Electronic governance has been one of the main pillars in the context of collective efforts that allow the development of effective interactions between all actors in smart cities.



As the “technology” dimension has been identified by many authors as part of digital transformation (Figure 3) [31,43,44], it will be addressed in the following section.




3.2. Digital Transformation


Anthony [31] distinguished the stages of digital transformation for smart cities (i.e., digitization, digitalization and digital transformation). The aforementioned stages are not very different from the general literature on digital transformation [43,44,45,46]. What is new is that the recent growth of digital technologies is allowing cities to undergo a transformation that allows them to optimize smart services and offer new products. In this regard, there have been numerous special issues [47], encouraging these initiatives in smart cities. Therefore, we generally found that the continuous growth of digital technologies has contributed to the development of innovative products-services that seek solutions to environmental, political, economic and social challenges. The great advantage of digital transformation continues to be disruption, that is, the interruption of traditional business models in different sectors, aiming to realign processes, technologies, and business models in order to create value for customers and companies. However, academics are arguing that products-services are not integrated in smart cities as desired, such that they can provide a value-added network. Smart cities remain under increasing pressure to thrive in ever-changing environments. Dynamics in both the economy and technology pose serious challenges for cities, as there is a need to adapt to complex changing conditions and ensure system integration. However, while digital transformation allows humans to cooperate with autonomous systems, the structural challenges are high, especially in cities that are composed of different entities with different technological and social structures. Although the literature examines the digital transformation in the domain of smart cities, it still does not investigate how the complexity and integration of the system can be improved [31].




3.3. Sustainability


In the literature on smart cities, sustainability is discussed by Lopez and Castro [30], Zheng et al. [32], and Cortese et al. [34].



Lopez and Castro [30] stress that cities are complex systems that work like a gear, where the relationship between interurban and intraurban processes is the key factor in understanding their synchronization. In turn, smart cities should promote the integration and interconnection of systems to offer better services and increase citizens’ quality of life. The transformation process must be observed from the perspective of urban ecology, converging on the concept of urban ecosystems (symbiosis between the natural and the spatial). Sustainability should not revolve strictly around a principle of economic growth and territorial expansion, but rather an approach to sustainable development that seeks to balance ecosystems. For Lopez and Castro [30], it is clear that sustainability requires results through the generation of tools that drive a long-term transformation of society, while sustainable development is the roadmap to be established, allowing for the adaptation and proactive reorganization of institutions and public policies. Achieving sustainable urban development depends on the quality of the environment that provides ecosystem services. However, the symbiosis of technology and planning offers a certain path to innovation in smart environmental planning [48]. Within the triad of social, environmental and economic aspects, Lopez and Castro [30] focus their discussion on the environmental and social pillars.



Zheng et al. [32] argue that there appears to be a lack of systematic quantitative and visual investigation and multidisciplinary scrutiny of the structure and evolution of smart cities. They also point out that ICTs have the potential to contribute to sustainability within the discourse of the smart sustainable city. Focusing on sociocultural and political–institutional structures inserted in the development of smart cities. In summary, sustainable smart cities present a new avenue of theoretical and practical research with which to explore the potential of ICT applications to contribute to urban sustainability.



In addition to the traditional dimensions (i.e., social, environmental, economic), Cortese et al. [34] highlight the sustainable understanding of energy in the context of smart cities. They also mention that while there is a strong concentration on the technological dimension of sustainability, energy efficiency, and renewable energy topics in the literature, much less attention is paid to urban planning issues. This is in line with other authors with regard to the strong focus on the technological and smaller dimension in urban planning.



In general, the authors slightly depart from the economic and technological issues of sustainability. In turn, they emphasize the balance of ecosystems and the long-term transformation of society. Focusing on urban planning, that is, on the integration of inter-urban and intra-urban processes, in order to better interconnect systems and technologies in order to offer better products and services. Thus, the future is expected to be in the environmental and social issues of sustainability, in order to promote an increase in the quality of life of citizens [49].




3.4. Resilience


With regard to resilience in smart cities, we identified three approaches, namely those of Sharifi et al. [38], Lopez and Castro [30], and Ahmadi-Assalemi et al. [39]. Although the approach by Sharifi et al. (2021) is, in our view, the most complete and is the one adopted in this article, there are significant points of agreement between the different authors.



The term “resilience” has been more associated with smart cities since the emergence of COVID-19. According to Sharifi et al. [38], Smart Cities’ solutions and technologies are focused on four stages: (1) planning and preparedness (pre-disaster); (2) absorption (during the disaster); (3) recovery (post-disaster); and (4) adaptation (review). Examples include the fact that the (1) investment in planning and adoption of smart solutions and technologies has increased the ability of cities to predict patterns in the transmission of the SARS-CoV-2, minimizing its spread; (2) absorption was related to the use of smartphone apps to detect individuals with symptoms, such as measures taken to send alerts to those who do not follow emergency protocols and those who may be spreading the virus, reducing the speed of its transmission; (3) recovery is related to measures that allowed communities to return to the pre-shock state, contributing to the recovery process; and, finally (4) that its adaptation refers to the ability to take advantage of the adverse event as an opportunity to improve short- and long-term overall performance.



Lopez and Castro [30], in turn, divide resilience into three stages that are very similar to those mentioned above, namely: (1) change; (2) adaptation; and (3) transformation. These authors consider that the adaptive cycle does not occur in a short-term period, and the ability to respond occurs in the long term. Resilience analysis lacks assessment tools for decision makers in government agencies that make it possible to establish the ability to adapt to a complex system that evolves over time. Furthermore, increasing a city’s resilience makes it more sustainable, but increasing a city’s sustainability does not necessarily make it more resilient.



Ahmadi-Assalemi et al. [39] analyzed the more technical components of resilience, such as cyber resilience. This issue is related to the rapid growth of smart cities, including the use of emerging and innovative technologies that create highly fragile and complex cyber-physical-natural ecosystems.



Overall, the most appropriate approach to resilience in smart cities seems to be more appropriately divisible into four phases, as presented by Sharifi et al. [38]: (1) planning and preparedness (pre-disaster); (2) absorption (during the disaster); (3) recovery (post-disaster); and (4) adaptation (review).





4. Discussion


This section presents a VOSviewer 1.6.18 print that shows the importance of developing a research agenda. Future research may also include the use of other tools, such as using the Gephi network. The VOSviewer 1.6.18 data was retrieved using Zotero, which produced an .RIS file with the results presented below. Figure 4 shows the clusters of selected articles and the need to identify the “research trends”, “initial models”, and “architectures” of smart cities through systematic reviews (PRISMA) and/or bibliometrics. Thus, this meta-analysis makes it possible to aggregate dispersed and heterogeneous information, making it available to the reader/researcher in an organized and clean way.



We focus our attention on defining the research trends for smart cities. To do so, we retrieved future suggestions from the 29 selected articles. Some of the proposals for further research are given below.



4.1. Geographical Configuration


Pratama [50] stressed that the geographic configuration of smart cities is polarized, with greater attention being given to megacities in developed nations. Therefore, one of the recommendations is to focus the scientific research on smart cities in small- and medium-sized cities in developing countries, with the aim of balancing academic discourse and debates. As per the recommendation of Christofi et al. [51], the need for comparative studies in developing economies was stressed. As an example, research can be carried out by comparing Asia and smart cities in the European Union or North America. Comparing different regions and cities will make it possible to achieve a comprehensive understanding of smart city strategies, providing vital insights aimed at increasing generalizability and greater scalability of results.




4.2. Multidisciplinary Approach


It should be noted that the natural sciences have dominated the production and impact of research compared to the social sciences [50]. That is, the available literature shows that empirical studies of smart cities have been dominated by a monodisciplinary perspective. This may limit the search for smart cities, with fewer sociocultural artifacts and humanity attributes. In this regard, Rozario et al. [10] suggest focusing future studies on a multidisciplinary approach, reorienting the three pillars (people, processes and technology) necessary for the successful implementation of the smart city concept. Meanwhile, Pratama [50] distances themselved from technological determinism and techno-singularity. Nevertheless, there is a consensus that insights from the humanities and the social sciences can enrich the smart city research landscape. Alternative interdisciplinary or transdisciplinary approaches are likely to offer fruitful insights.




4.3. Cybersecurity and Privacy Challenges


We found that recent empirical research, combined with a strong theoretical framework produced by academics and practitioners, suggests that it is crucial to overcome major cybersecurity and privacy challenges in smart cities [27]. The continuous interconnectivity in smart cities can give rise to a series of cybersecurity threats, such as the loss of privacy and confidentiality [38,43], “physical threats, systems and applications vulnerability, malware injection attacks, denial of service (DoS), malicious insider threats, and data leakage” [41]. Thus, it is suggested that future research should highlight the role played by cybersecurity in smart city development and analyze the impact of smart city development on the link between city and stakeholders, and the dynamics of inner city development [51,52]. Lastly, it should be noted that this study highlights research directions for smart cities; however, more robust empirical evidence is needed to validate the results presented in this article.





5. Conclusions


The main objective of this research was centered on the question: where are smart cities heading? Although it is quite challenging to answer such a vast question, this article brings together several theoretical, political, and practical contributions.



One of the original and innovative theoretical contribution of this research is the development and discussion of a conceptual framework for smart cities (Figure 3). To this end, we used a meta-analysis, a series of protocols including PRISMA and CASP, and software such as VOSviewer 1.6.18 and NVIVO 12. These tools made it possible to identify the most relevant topics for smart cities, i.e., (1) smart cities dimensions; (2) digital transformation; (3) sustainability; and (4) resilience.



Regarding the first topic, we observed that although there is no full consensus for the dimensions, there is some level of agreement, whereby we identified “community”, “governance” and “technologies” as the most relevant. When it comes to the second topic, “digital transformation”, the continuous growth of digital technologies has contributed to disruption of traditional business models in different sectors, enabling the development of new products and services. However, while the realignment of processes and the creation of new models aims to create added value for customers, all the evidence leads us to believe that the product-services are not integrated in the networked smart cities or at least as desired. This issue can even be used by policy makers to stimulate public investment to create strategies for developing network structures. In this regard, the sustainability of smart cities (third topic) should not revolve strictly around a principle of economic growth and territorial expansion, but rather a sustainable development approach that seeks the balance of ecosystems and the quality of life for citizens. Therefore, as a suggestion for policy makers and practitioners, it goes in the direction of departing some way from strictly economic and technological issues, emphasizing the balance of ecosystems and the long-term transformation of society. In fact, one of the suggestions for future research (vide research agenda) is to invest in the approach to the social sciences domain. That is, the recommendation is not distanced from the natural sciences, but rather an interdisciplinary or transdisciplinary approach, in which the social sciences are included. Lastly, regarding the fourth topic, the “resilience” of smart cities, we found that it was divided into four distinct phases: (1) planning and preparation (pre-disaster); (2) absorption (during the disaster); (3) recovery (post-disaster); and (4) adaptation (review). In this regard, the literature offers examples in the context of COVID-19 and cybersecurity.



With regard to the topics analyzed, we found that the discussion in the literature was for very specific contexts; see the case of resilience which was focused COVID-19 and cybersecurity. However, research dominated by the monodisciplinary perspective paves the way for academics to invest in multidisciplinary research. The scope for other research domains could be a way to generalize the results of the research in smart cities. For practitioners, this opportunity may be related to the empirical validation of the theoretical results, since some of the lessons learned can be put into practice in other sectors of activity.



Finally, another issue that stands out from our analysis is related to the polarization of research in smart cities. In other words, attention has been focused on the megacities of developed nations. Therefore, greater efforts should be made to carry out scientific research in small and/or medium-sized cities in developing countries.
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Table A1. Report—Characteristics of review studies (n = 29).






Table A1. Report—Characteristics of review studies (n = 29).





	Authors
	Year
	Search Period(s)
	Search Database(s)
	Review Method
	Article Main Findings

(Excerpts Taken Directly from the Articles)





	Dashkevych and Portnov [53]
	2022
	10.2020
	Web of Science Core, Collections, Scopus, ScienceDirect
	Systematic Literature Review (PRISMA)
	“Identification of 48 smart city identification metrics, which are further split into three main categories-smart digital technology, living conditions and environmental sustainability.”



	Alzahrani and Alfouzan [41]
	2022
	9.2021
	Emerald Insight, Science Direct, IEEE Xplore
	Systematic Literature Review (PRISMA)
	“The study identified five main categories of AR and cybersecurity applications for smart cities, which can be classified within tourism, monitoring, system management, education and mobility.”



	Cortese et al. [34]
	2022
	Not mentioned
	Web of Science, Scopus
	Systematic Literature Review (PRISMA)
	“The research identified a global publication landscapte for smart city and energy sustainability research; unbalanced publications when critically evaluating geographical continent’s energy use intensity vs smart cities energy; heavy concentration on the technology dimension of energy sustainability and efficiency and renewable topics in the literature but less attention to the energy and urban planning.”



	Rocha et al. [28]
	2022
	7.2021
	Scopus, Web of Science, IEEE Xplorer
	Systematic Literature Review (PRISMA)
	“The results show the interest in using context-aware features to develop smart cities’ applications targeting public health, tourism experience, urban mobility, active citizenship, shopping experience, management of urban infrastructures, public alerts, recommenders, and smart environments.”



	Bellini et al. [40]
	2022
	10.2021
	Web of Science
	Systematic Literature Review
	“From this article it emerged that in recent years, the integration of IoT solutions and smart city frameworks is achieving increasingly higher levels of complexity and wider application ranges, which go beyond the past generation of vertical silo applications that were based on specific domains.”



	Sharif and Pokharel [27]
	2022
	Not mentioned
	ScienceDirect, Scopus, IEEEXplore, Taylor & Francis, Wiley
	Systematic Literature Review
	“The findings of the literature review illustrate that not all smart cities adapt all of the smart city dimensions. The dominant technology used in smart cities’ applications is found to be the Internet of Things, Artificial Intelligence, and blockchain.”



	Arief et al. [54]
	2022
	Not mentioned
	Scopus, IEEE Xplore, ACM databases, Science Direct, Springer
	Systematic Literature Review Questionnaire
	“The systematic review results show popular topics, such as the standardization of a smart city and the strategies used to determine relevant models in each city’s uniqueness and context. The results also identified thirteen smart city components and their challenges. Furthermore, this study’s novelty is proposed the smart city’s initial models with the smart government as a key component and to be a centre of other smart city components.”



	Hurbean et al. [55]
	2021
	6.2021
	Web of Science, Scopus, IEEE Xplore, AIS, Springer, Proquest, MDPI, Semantic Scholar
	Systematic Literature Review (PRISMA)
	“The results revealed that: (a) machine learning applications using open data came out in all the SC areas and specific ML techniques are discovered for each area, with deep learning and supervised learning being the first choices. (b) Open data platforms represent the most frequently used source of data. (c) The challenges associated with open data utilization vary from quality of data, to frequency of data collection, to consistency of data, and data format.”



	Rozario et al. [10]
	2021
	Not mentioned
	Scopus
	Systematic Literature Review
	“This research found that the fields of specialisations such as information technology and infrastructure engineering in contributing to smart cities need a cross-domain holistic approach of managing people-centric service requirements for improving consumer satisfaction and sustainability.”



	Ramírez-Moreno et al. [35]
	2021
	Not mentioned
	Scopus, Google Scholar, IEEE Xplore
	Systematic Literature Review (PRISMA)
	“This article found that although the use of these sensors is diverse, their application can be categorized in six different groups: energy, health, mobility, security, water, and waste management.”



	Mills et al. [36]
	2021
	Not mentioned
	WoS (Core Collection), ProQuest Central, EBSCOhost
	Systematic Literature Review (PRISMA)
	“The article stresses that in addition to smart theory of the SCCF framework and the attributes of collaboration will assist theorists and practitioners to build more effective smart city prescriptions and practice.”



	Rocha et al. [56]
	2021
	4.2021
	Web of Science, Scopus, IEEE Xplore
	Systematic Literature Review (PRISMA)
	“One of the main findings is that the number of included articles is reduced when compared with the total number of articles related to smart cities, which means that the mobility of older adults it is still a not significant topic within the research on smart cities’.”



	Sharifi et al. [38]
	2021
	10.2020
	Scopus
	Systematic Literature Review (PRISMA)
	“The review shows that investment in smart city initiatives can enhance the planning and preparation ability. In addition, the adoption of smart solutions and technologies can, among other things, enhance the capacity of cities to predict pandemic patterns, facilitate an integrated and timely response, minimize or postpone transmission of COVID-19, provide support to overstretched sectors, minimize supply chain disruption, ensure continuity of basic services, and offer solutions for optimizing city operations.”



	Pratama [50]
	2021
	Not mentioned
	Web of Science, Google Scholar
	Systematic Literature Review (PRISMA)
	“This article stresses that there is a fragmentation of smart city research and lack of intellectual discussion among disciplines. Thus, the available literature shows that smart city empirical studies were dominated by mono-disciplinary perspective. Thus, conventional academic tradition is in the forefront in researching smart cities in real worlds.”



	Nicola and Villani [57]
	2021
	1.2021
	Scopus
	Systematic Literature Review
	“This article proposed a classification of the sub-domains of the city addressed by the ontologies we found, and the research issues that have been considered so far by the scientific community.”



	Kim et al. [37]
	2021
	Not mentioned
	Scopus, IEEE Xplore
	Systematic Literature Review
	“This study suggests that the following innovative solutions be suitably applied to advanced energy conservation systems in sustainable smart cities: (i) construction of infrastructure for advanced energy conservation systems, and (ii) adoption of a new strategy for energy trading in distributed energy systems.”



	Kasznar et al. [29]
	2021
	Not mentioned
	Scopus, EmeraldInsight, IEEE Xplore
	Systematic Literature Review, Bibliometric and Blibliographic Analysis
	“The bibliographic analysis reflected major aspects of smart city infrastructure, including: IT infrastructure, sustainable and ecological buildings, urban systems, smart initiatives, and applications that stimulate e governance and e-participation.”



	Wang et al. [58]
	2021
	11.2018
	Web of Science Core, Collection database
	Systematic Literature Review
	“This article illustrates the relationship among data, research, and policy application, identifying the roles of researchers in computer science and geography, practitioner in market or government and policy makers in promoting smart application.”



	Christofi et al. [51]
	2021
	Not mentioned
	EBSCO
	Systematic Literature Review
	“Building on the antecedents–phenomenon–consequences framework, the authors discuss the antecedents and consequences of the various innovative marketing strategies that smart cities adopt for their internationalization and development of an international competitive advantage. In the process of doing so, the authors synthesize the findings of the studies as well as literature gaps that provide fruitful avenues for future research.”



	Lopez and Castro [30]
	2021
	Not mentioned
	Scopus, Web of Science, Google Scholar
	Bibliometric Research Systematic Literature Review (PRISMA)
	“The main result is to consider cities with a complex systems approach that works like a gear; the relationship between inter-urban and intra-urban processes is the key factor that allows for an understanding of their synchronization.”



	Anthony [31]
	2021
	10.2019
	Scopus, Web of Science
	Bibliometric Research Systematic Literature Review (PRISMA)
	“Municipalities still struggle with managing data integration and complexity. Accordingly, this study systematically reviews 70 research articles from 1999 to 2020 and discusses on development and state-of-the-art of Enterprise Architecture (EA) and digital transformation of cities into smart cities.”



	Ahmadi-Assalemi et al. [39]
	2020
	4.2019
	IEEE, ACM DL, Science Direct, WoS and Scopus
	Systematic Literature Review
	“The article shows that CPSs addressing cyber resilience and support for modern DFIR are a recent paradigm. Most of the primary studies are focused on a subset of the incident response process, the “detection and analysis” phase whilst attempts to address other parts of the DFIR process remain limited. Further analysis shows that research focused on smart healthcare and smart citizen were addressed only by a small number of primary studies.”



	Zheng et al. [32]
	2020
	3.2019
	WoS
	Scientometric Review
	“The article used a scientometric technique that: (1) reveal the intellectual division of this developing field using a visual and comprehensive approach, (2) identify in chronological order the 10 core research sub-topics in this area with burst references and terms, (3) identify Internet of Things, big data, and fog computing as the most promising technologies for SC planning and development, and (4) conclude that smart sustainable cities and sustainable smart cities are the two emerging trends in the domain.”



	Prasetyo and Lubis [59]
	2020
	Not mentioned
	Not mentioned
	Systematic Literature Review, Meta-analysis
	“The research discussed the Enterprise Architecture (EA) research overview on smart city design and the gaps in EA implementation for smart city architecture development.”



	Iskandaryan et al. [60]
	2020
	Not mentioned
	Scopus, IEEE Xplore
	Systematic Literature Review
	“As a result, the paper concludes that: (1) instead of using simple machine learning techniques, currently, the authors apply advanced and sophisticated techniques, (2) China was the leading country in terms of a case study, (3) Particulate matter with diameter equal to 2.5 μm was the main prediction target, (4) in 41% of the publications the authors carried out the prediction for the next day, (5) 66% of the studies used data had an hourly rate, (6) 49% of the papers used open data and since 2016 it had a tendency to increase, and (7) for efficient air quality prediction it is important to consider the external factors such as weather conditions, spatial characteristics, and temporal features.”



	Buttazzoni et al. [33]
	2020
	5.2019
	CINAHL, PsycINFO, PubMed database, Elsevier’s Scopus and Web of Science
	Systematic Literature Review
	“28 articles were retained, assessed, and coded for their inclusion of equity characteristics using the Cochrane PROGRESS-Plus tool (referring to (P) place of residence, (R) race, (O) occupation, (G) gender, (R) religion, (E) education, (S) socio-economic status (SES), and (S) social capital). The most frequently included equity considerations in smart city health interventions were place of residence, SES, social capital, and personal characteristics; conversely, occupation, gender or sex, religion, race, ethnicity, culture, language, and education characteristics were comparatively less featured in such interventions.”



	Saharan et al. [61]
	2020
	Not mentioned
	ACM Digital Library, Springer, IEEE eXplore, Wiley Interscience, Taylor and Francis, and ScienceDirec
	Systematic Literature Review
	“An in-efficient dynamic pricing technique may lead to the mismanagement of vehicles, which results an increase in the waiting time of vehicles, an increase in air and noise pollution, wastage of electric and other sources of energies. Various problems solved by the dynamic pricing techniques, importance of various evaluation parameters, limitations of dynamic pricing techniques and their applications are discussed in-depth in the paper.”



	Ahmed et al. [62]
	2020
	Not mentioned
	ACM Digital Library, Springer, IEEE eXplore and ScienceDirec
	Systematic Literature Review
	“The article explores and identifies the barriers and hurdles in Smart City Domain and how these hurdles are mitigated by the blockchain technology.”



	Yigitcanlar et al. [42]
	2020
	12.2019
	Directory of Open Access Journals, Science Direct, Scopus, TRID, Web of Science, and Wiley Online Library
	Systematic Literature Review
	“The findings of the systematic review containing 93 articles disclose that: (a) AI in the context of smart cities is an emerging field of research and practice. (b) The central focus of the literature is on AI technologies, algorithms, and their current and prospective applications. (c) AI applications in the context of smart cities mainly concentrate on business efficiency, data analytics, education, energy, environmental sustainability, health, land use, security, transport, and urban management areas. (d) There is limited scholarly research investigating the risks of wider AI utilization. (e) Upcoming disruptions of AI in cities and societies have not been adequately examined.”
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Table A2. Methodological quality ratings based on CASP (n = 29).
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	Authors
	Item 1
	Item 2
	Item 3
	Item 4
	Item 5
	Item 6
	Item 7
	Item 8
	Item 9
	Item 10
	Score
	Classification Quality
	Scimago





	Dashkevych and Portnov [53]
	N
	Y
	C
	N
	C
	Y
	Y
	C
	Y
	Y
	14
	Moderate
	Q1



	Alzahrani and Alfouzan [41]
	Y
	Y
	Y
	N
	Y
	Y
	C
	C
	Y
	Y
	16
	Good
	Q1



	Cortese et al. [34]
	Y
	C
	C
	N
	Y
	Y
	Y
	Y
	Y
	Y
	16
	Good
	Q1



	Rocha et al. [28]
	Y
	Y
	Y
	Y
	C
	Y
	C
	C
	Y
	C
	16
	Good
	Q2



	Bellini et al. [40]
	N
	C
	C
	C
	C
	N
	C
	C
	Y
	Y
	10
	Moderate
	Q2



	Sharif and Pokharel [27]
	Y
	C
	Y
	Y
	Y
	Y
	Y
	C
	Y
	Y
	18
	Excellent
	Q1



	Arief et al. [54]
	Y
	Y
	C
	Y
	C
	Y
	Y
	Y
	C
	C
	16
	Good
	Q4



	Hurbean et al. [55]
	Y
	C
	C
	Y
	C
	Y
	Y
	C
	Y
	Y
	16
	Good
	Q2



	Rozario et al. [10]
	Y
	C
	C
	N
	Y
	Y
	Y
	C
	Y
	Y
	15
	Good
	Q2



	Ramírez-Moreno et al. [35]
	N
	Y
	C
	Y
	C
	Y
	C
	C
	Y
	Y
	14
	Moderate
	Q2



	Mills et al. [36]
	Y
	C
	N
	N
	C
	Y
	C
	C
	Y
	C
	11
	Moderate
	Q1



	Rocha et al. [56]
	Y
	Y
	Y
	Y
	C
	Y
	Y
	C
	Y
	Y
	18
	Excellent
	Q2



	Sharifi et al. [38]
	Y
	Y
	Y
	N
	C
	Y
	Y
	C
	Y
	Y
	16
	Good
	Q1



	Pratama [50]
	Y
	Y
	Y
	Y
	C
	Y
	C
	C
	C
	Y
	16
	Good
	Q1



	Nicola and Villani [57]
	Y
	C
	C
	N
	C
	Y
	Y
	C
	Y
	Y
	14
	Moderate
	Q1



	Kim et al. [37]
	Y
	Y
	Y
	N
	Y
	Y
	C
	C
	Y
	Y
	16
	Good
	Q1



	Kasznar et al. [29]
	Y
	Y
	Y
	N
	Y
	Y
	Y
	Y
	Y
	Y
	18
	Excellent
	Q1



	Wang et al. [58]
	Y
	Y
	C
	C
	C
	Y
	Y
	Y
	Y
	Y
	17
	Good
	Q1



	Christofi et al. [51]
	Y
	Y
	C
	Y
	C
	Y
	Y
	Y
	Y
	C
	17
	Good
	Q1



	Lopez and Castro [30]
	Y
	Y
	Y
	N
	Y
	Y
	Y
	Y
	Y
	Y
	18
	Excellent
	Q1



	Anthony [31]
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	C
	Y
	C
	18
	Excellent
	Q1



	Ahmadi-Assalemi et al. [39]
	Y
	C
	C
	Y
	Y
	Y
	Y
	C
	Y
	Y
	17
	Good
	Q1



	Zheng et al. [32]
	N
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	Y
	18
	Excellent
	Q1



	Prasetyo and Lubis [59]
	Y
	C
	C
	Y
	Y
	Y
	Y
	C
	Y
	Y
	17
	Good
	Q2



	Iskandaryan et al. [60]
	Y
	C
	C
	N
	Y
	Y
	Y
	Y
	Y
	Y
	16
	Good
	Q2



	Buttazzoni et al. [33]
	Y
	Y
	Y
	Y
	C
	Y
	Y
	C
	Y
	Y
	18
	Excellent
	Q2



	Saharan et al. [61]
	Y
	C
	Y
	Y
	C
	Y
	Y
	C
	Y
	Y
	17
	Good
	Q1



	Ahmed et al. [62]
	Y
	C
	Y
	Y
	C
	Y
	Y
	C
	Y
	C
	16
	Good
	Q1



	Yigitcanlar et al. [42]
	Y
	C
	Y
	N
	Y
	Y
	Y
	C
	Y
	Y
	16
	Good
	Q2



	
	
	
	
	
	
	
	
	
	
	Mean
	16
	
	







Abbreviations: Y = Yes; C = Can’t tell; N = No|Classification: Yes = 2; C = 1 and N = 0|Overall classification: Excellent = 18/20; Good = 15/17; Moderate 10/14; Poor ≥ 10. 1 = Did the review address a clearly focused question?; 2 = Did the authors look for the right type of papers?; 3 = Do you think all the important, relevant studies were included?; 4 = Did the review’s authors do enough to assess the quality of the included studies?; 5 = If the results of the review have been combined, was it reasonable to do so?; 6 = What are the overall results of the review?; 7 = How precise are the results?; 8 = Can the results be applied to the local population?; 9 = Were all important outcomes considered? 10 = Are the benefits worth the harms and costs? [63].













References


	



Lee, J.H.; Hancock, M.G.; Hu, M.-C. Towards an Effective Framework for Building Smart Cities: Lessons from Seoul and San Francisco. Technol. Forecast. Soc. Chang. 2014, 89, 80–99. [Google Scholar] [CrossRef]

	



Ramu, S.P.; Boopalan, P.; Pham, Q.-V.; Maddikunta, P.K.R.; Huynh-The, T.; Alazab, M.; Nguyen, T.T.; Gadekallu, T.R. Federated Learning Enabled Digital Twins for Smart Cities: Concepts, Recent Advances, and Future Directions. Sustain. Cities Soc. 2022, 79, 103663. [Google Scholar] [CrossRef]

	



Bokhari, S.A.A.; Myeong, S. Use of Artificial Intelligence in Smart Cities for Smart Decision-Making: A Social Innovation Perspective. Sustainability 2022, 14, 620. [Google Scholar] [CrossRef]

	



Vesco, A.; Ferrero, F. (Eds.) Handbook of Research on Social, Economic, and Environmental Sustainability in the Development of Smart Cities; Advances in Environmental Engineering and Green Technologies; IGI Global: Hershey, PA, USA, 2015; ISBN 978-1-4666-8282-5. [Google Scholar]

	



Duygan, M.; Fischer, M.; Pärli, R.; Ingold, K. Where Do Smart Cities Grow? The Spatial and Socio-Economic Configurations of Smart City Development. Sustain. Cities Soc. 2022, 77, 103578. [Google Scholar] [CrossRef]

	



Esashika, D.; Masiero, G.; Mauger, Y. An Investigation into the Elusive Concept of Smart Cities: A Systematic Review and Meta-Synthesis. Technol. Anal. Strateg. Manag. 2021, 33, 957–969. [Google Scholar] [CrossRef]

	



Hennessy, E.A.; Johnson, B.T.; Keenan, C. Best Practice Guidelines and Essential Methodological Steps to Conduct Rigorous and Systematic Meta-Reviews. Appl. Psychol. Health Well-Being 2019, 11, 353–381. [Google Scholar] [CrossRef]

	



Cheng, S.-T.; Zhang, F. A Comprehensive Meta-Review of Systematic Reviews and Meta-Analyses on Nonpharmacological Interventions for Informal Dementia Caregivers. BMC Geriatr. 2020, 20, 137. [Google Scholar] [CrossRef]

	



Tranfield, D.; Denyer, D.; Smart, P. Towards a Methodology for Developing Evidence-Informed Management Knowledge by Means of Systematic Review. Br. J. Manag. 2003, 14, 207–222. [Google Scholar] [CrossRef]

	



Rozario, S.D.; Venkatraman, S.; Marimuthu, M.; Khaksar, S.M.S.; Subramani, G. Creating Smart Cities: A Review for Holistic Approach. ASI 2021, 4, 70. [Google Scholar] [CrossRef]

	



Torku, A.; Chan, A.P.C.; Yung, E.H.K. Implementation of Age-Friendly Initiatives in Smart Cities: Probing the Barriers through a Systematic Review. BEPAM 2021, 11, 412–426. [Google Scholar] [CrossRef]

	



Dias, G.P. Smart Cities Research in Portugal and Spain: An Exploratory Biliometric Analysis. In Proceedings of the 2018 13th Iberian Conference on Information Systems and Technologies (CISTI), Caceres, Spain, 13–16 June 2018; pp. 1–6. [Google Scholar]

	



Dolla, T.; Bisht, R.; Laishram, B. Smart Cities in the Development of Sustainable Infrastructure—Systematic Literature Review of Two Decades Research. In Recent Advancements in Civil Engineering; Laishram, B., Tawalare, A., Eds.; Lecture Notes in Civil Engineering; Springer: Singapore, 2022; Volume 172, pp. 55–64. ISBN 9789811643958. [Google Scholar]

	



Mongeon, P.; Paul-Hus, A. The Journal Coverage of Web of Science and Scopus: A Comparative Analysis. Scientometrics 2016, 106, 213–228. [Google Scholar] [CrossRef]

	



Vaismoradi, M.; Turunen, H.; Bondas, T. Content Analysis and Thematic Analysis: Implications for Conducting a Qualitative Descriptive Study: Qualitative Descriptive Study. Nurs. Health Sci. 2013, 15, 398–405. [Google Scholar] [CrossRef] [PubMed]

	



Wong, L. Data analysis in qualitative research: A brief guide to using NVivo. Malays. Fam. Physician Off. J. Acad. Fam. Physicians Malays. 2008, 3, 14–20. [Google Scholar]

	



Edhlund, B.M.; McDougall, A.G. NVivo 12 Essentials: Your Guide to the World’s Most Powerful Data Analysis Software; Form & Kunskap, AB: Stallarholmen, Sweden, 2019; ISBN 978-1-387-74949-2. [Google Scholar]

	



Bergin, M. NVivo 8 and Consistency in Data Analysis: Reflecting on the Use of a Qualitative Data Analysis Program. Nurse Res. 2011, 18, 6–12. [Google Scholar] [CrossRef]

	



Houghton, C.; Murphy, K.; Meehan, B.; Thomas, J.; Brooker, D.; Casey, D. From Screening to Synthesis: Using nvivo to Enhance Transparency in Qualitative Evidence Synthesis. J. Clin. Nurs. 2017, 26, 873–881. [Google Scholar] [CrossRef]

	



Singh, J. Critical Appraisal Skills Programme. J. Pharmacol. Pharmacother. 2013, 4, 76–77. [Google Scholar] [CrossRef]

	



Krainovich-Miller, B.; Haber, J.; Yost, J.; Jacobs, S.K. Evidence-Based Practice Challenge: Teaching Critical Appraisal of Systematic Reviews and Clinical Practice Guidelines to Graduate Students. J. Nurs. Educ. 2009, 48, 186–195. [Google Scholar] [CrossRef]

	



Shea, B.J.; Reeves, B.C.; Wells, G.; Thuku, M.; Hamel, C.; Moran, J.; Moher, D.; Tugwell, P.; Welch, V.; Kristjansson, E.; et al. AMSTAR 2: A Critical Appraisal Tool for Systematic Reviews That Include Randomised or Non-Randomised Studies of Healthcare Interventions, or Both. BMJ 2017, j4008. [Google Scholar] [CrossRef]

	



O’Connor, P.; Madden, C.; O’Dowd, E.; Byrne, D.; Lydon, S. A Meta-Review of Methods of Measuring and Monitoring Safety in Primary Care. Int. J. Qual. Health Care 2021, 33, mzab117. [Google Scholar] [CrossRef]

	



Wong, S.S.K.; Cross, J.A.; Mueller, P.S. Impact of Mentoring on Practicing Engineers: A Meta-Synthesis. J. Workplace Learn. 2018, 30, 415–441. [Google Scholar] [CrossRef]

	



Mertz, M.; Nobile, H.; Kahrass, H. Systematic Reviews of Empirical Literature on Bioethical Topics: Results from a Meta-Review. Nurs Ethics 2020, 27, 960–978. [Google Scholar] [CrossRef] [PubMed]

	



Knutti, K.; Björklund Carlstedt, A.; Clasen, R.; Green, D. Impacts of Goal Setting on Engagement and Rehabilitation Outcomes Following Acquired Brain Injury: A Systematic Review of Reviews. Disabil. Rehabil. 2022, 44, 2581–2590. [Google Scholar] [CrossRef] [PubMed]

	



Sharif, R.A.; Pokharel, S. Smart City Dimensions and Associated Risks: Review of Literature. Sustain. Cities Soc. 2022, 77, 103542. [Google Scholar] [CrossRef]

	



Pacheco Rocha, N.; Dias, A.; Santinha, G.; Rodrigues, M.; Rodrigues, C.; Queirós, A.; Bastardo, R.; Pavão, J. Systematic Literature Review of Context-Awareness Applications Supported by Smart Cities’ Infrastructures. SN Appl. Sci. 2022, 4, 90. [Google Scholar] [CrossRef]

	



Kasznar, A.; Hammad, A.; Najjar, M.; Linhares Qualharini, E.; Figueiredo, K.; Soares, C.; Haddad, A. Multiple Dimensions of Smart Cities’ Infrastructure: A Review. Buildings 2021, 11, 73. [Google Scholar] [CrossRef]

	



Ramirez Lopez, L.J.; Grijalba Castro, A.I. Sustainability and Resilience in Smart City Planning: A Review. Sustainability 2020, 13, 181. [Google Scholar] [CrossRef]

	



Anthony, B., Jr. Managing Digital Transformation of Smart Cities through Enterprise Architecture—A Review and Research Agenda. Enterp. Inf. Syst. 2021, 15, 299–331. [Google Scholar] [CrossRef]

	



Zheng, C.; Yuan, J.; Zhu, L.; Zhang, Y.; Shao, Q. From Digital to Sustainable: A Scientometric Review of Smart City Literature between 1990 and 2019. J. Clean. Prod. 2020, 258, 120689. [Google Scholar] [CrossRef]

	



Buttazzoni, A.; Veenhof, M.; Minaker, L. Smart City and High-Tech Urban Interventions Targeting Human Health: An Equity-Focused Systematic Review. Int. J. Environ. Res. Public Health 2020, 17, 2325. [Google Scholar] [CrossRef]

	



Cortese, T.T.P.; de Almeida, J.F.S.; Batista, G.Q.; Storopoli, J.E.; Liu, A.; Yigitcanlar, T. Understanding Sustainable Energy in the Context of Smart Cities: A PRISMA Review. Energies 2022, 15, 2382. [Google Scholar] [CrossRef]

	



Ramírez-Moreno, M.A.; Keshtkar, S.; Padilla-Reyes, D.A.; Ramos-López, E.; García-Martínez, M.; Hernández-Luna, M.C.; Mogro, A.E.; Mahlknecht, J.; Huertas, J.I.; Peimbert-García, R.E.; et al. Sensors for Sustainable Smart Cities: A Review. Appl. Sci. 2021, 11, 8198. [Google Scholar] [CrossRef]

	



Mills, D.E.; Izadgoshasb, I.; Pudney, S.G. Smart City Collaboration: A Review and an Agenda for Establishing Sustainable Collaboration. Sustainability 2021, 13, 9189. [Google Scholar] [CrossRef]

	



Kim, H.; Choi, H.; Kang, H.; An, J.; Yeom, S.; Hong, T. A Systematic Review of the Smart Energy Conservation System: From Smart Homes to Sustainable Smart Cities. Renew. Sustain. Energy Rev. 2021, 140, 110755. [Google Scholar] [CrossRef]

	



Sharifi, A.; Khavarian-Garmsir, A.R.; Kummitha, R.K.R. Contributions of Smart City Solutions and Technologies to Resilience against the COVID-19 Pandemic: A Literature Review. Sustainability 2021, 13, 8018. [Google Scholar] [CrossRef]

	



Ahmadi-Assalemi, G.; Al-Khateeb, H.; Epiphaniou, G.; Maple, C. Cyber Resilience and Incident Response in Smart Cities: A Systematic Literature Review. Smart Cities 2020, 3, 894–927. [Google Scholar] [CrossRef]

	



Bellini, P.; Nesi, P.; Pantaleo, G. IoT-Enabled Smart Cities: A Review of Concepts, Frameworks and Key Technologies. Appl. Sci. 2022, 12, 1607. [Google Scholar] [CrossRef]

	



Alzahrani, N.M.; Alfouzan, F.A. Augmented Reality (AR) and Cyber-Security for Smart Cities—A Systematic Literature Review. Sensors 2022, 22, 2792. [Google Scholar] [CrossRef]

	



Yigitcanlar, T.; Desouza, K.; Butler, L.; Roozkhosh, F. Contributions and Risks of Artificial Intelligence (AI) in Building Smarter Cities: Insights from a Systematic Review of the Literature. Energies 2020, 13, 1473. [Google Scholar] [CrossRef]

	



Reis, J.; Amorim, M.; Melão, N.; Matos, P. Digital Transformation: A Literature Review and Guidelines for Future Research. In Trends and Advances in Information Systems and Technologies; Rocha, Á., Adeli, H., Reis, L.P., Costanzo, S., Eds.; Advances in Intelligent Systems and Computing; Springer International Publishing: Cham, Switzerland, 2018; Volume 745, pp. 411–421. ISBN 978-3-319-77702-3. [Google Scholar]

	



Reis, J.; Amorim, M.; Melão, N.; Cohen, Y.; Rodrigues, M. Digitalization: A Literature Review and Research Agenda. In Proceedings on 25th International Joint Conference on Industrial Engineering and Operations Management—IJCIEOM.; Anisic, Z., Lalic, B., Gracanin, D., Eds.; Lecture Notes on Multidisciplinary Industrial Engineering; Springer International Publishing: Cham, Switzerland, 2020; pp. 443–456. ISBN 978-3-030-43615-5. [Google Scholar]

	



Vial, G. Understanding Digital Transformation: A Review and a Research Agenda. J. Strateg. Inf. Syst. 2019, 28, 118–144. [Google Scholar] [CrossRef]

	



Verhoef, P.C.; Broekhuizen, T.; Bart, Y.; Bhattacharya, A.; Qi Dong, J.; Fabian, N.; Haenlein, M. Digital Transformation: A Multidisciplinary Reflection and Research Agenda. J. Bus. Res. 2021, 122, 889–901. [Google Scholar] [CrossRef]

	



Reis, J.; Jorge, D.; Costa, J. Applied Sciences. Available online: https://www.mdpi.com/journal/applsci/special_issues/Building_New_Services (accessed on 14 May 2022).

	



Tura, N.; Ojanen, V. Sustainability-Oriented Innovations in Smart Cities: A Systematic Review and Emerging Themes. Cities 2022, 126, 103716. [Google Scholar] [CrossRef]

	



Joshi, S.; Saxena, S.; Godbole, T. Shreya Developing Smart Cities: An Integrated Framework. Procedia Comput. Sci. 2016, 93, 902–909. [Google Scholar] [CrossRef]

	



Pratama, A.B. Knowledge Distribution on Smart City Research: An Overview of Systematic Literature Reviews. J. Urban Cult. Res. 2021, 23, 2543. [Google Scholar] [CrossRef]

	



Christofi, M.; Iaia, L.; Marchesani, F.; Masciarelli, F. Marketing Innovation and Internationalization in Smart City Development: A Systematic Review, Framework and Research Agenda. Int. Mark. Rev. 2021, 38, 948–984. [Google Scholar] [CrossRef]

	



Hollands, R.G. Will the Real Smart City Please Stand up?: Intelligent, Progressive or Entrepreneurial? City 2008, 12, 303–320. [Google Scholar] [CrossRef]

	



Dashkevych, O.; Portnov, B.A. Criteria for Smart City Identification: A Systematic Literature Review. Sustainability 2022, 14, 4448. [Google Scholar] [CrossRef]

	



Arief, A.; Sensuse, D.I.; Mursanto, P. Smart City’s Trends, Architectures, Components, and Challenges: A Systematic Review and Building an Initial Model for Indonesia. Eng. Appl. Sci. Res. 2022, 49, 259271. [Google Scholar] [CrossRef]

	



Hurbean, L.; Danaiata, D.; Militaru, F.; Dodea, A.-M.; Negovan, A.-M. Open Data Based Machine Learning Applications in Smart Cities: A Systematic Literature Review. Electronics 2021, 10, 2997. [Google Scholar] [CrossRef]

	



Rocha, N.P.; Bastardo, R.; Pavão, J.; Santinha, G.; Rodrigues, M.; Rodrigues, C.; Queirós, A.; Dias, A. Smart Cities’ Applications to Facilitate the Mobility of Older Adults: A Systematic Review of the Literature. Appl. Sci. 2021, 11, 6395. [Google Scholar] [CrossRef]

	



De Nicola, A.; Villani, M.L. Smart City Ontologies and Their Applications: A Systematic Literature Review. Sustainability 2021, 13, 5578. [Google Scholar] [CrossRef]

	



Wang, A.; Zhang, A.; Chan, E.H.W.; Shi, W.; Zhou, X.; Liu, Z. A Review of Human Mobility Research Based on Big Data and Its Implication for Smart City Development. ISPRS Int. J. Geo-Inf. 2020, 10, 13. [Google Scholar] [CrossRef]

	



Prasetyo, Y.A.; Lubis, M. Smart City Architecture Development Methodology (SCADM): A Meta-Analysis Using SOA-EA and SoS Approach. SAGE Open 2020, 10, 215824402091952. [Google Scholar] [CrossRef]

	



Iskandaryan, D.; Ramos, F.; Trilles, S. Air Quality Prediction in Smart Cities Using Machine Learning Technologies Based on Sensor Data: A Review. Appl. Sci. 2020, 10, 2401. [Google Scholar] [CrossRef]

	



Saharan, S.; Bawa, S.; Kumar, N. Dynamic Pricing Techniques for Intelligent Transportation System in Smart Cities: A Systematic Review. Comput. Commun. 2020, 150, 603–625. [Google Scholar] [CrossRef]

	



Ahmed, S.; Shah, M.A.; Wakil, K. Blockchain as a Trust Builder in the Smart City Domain: A Systematic Literature Review. IEEE Access 2020, 8, 92977–92985. [Google Scholar] [CrossRef]

	



Van Hueveln, N. Ventilator-Associated Pneumonia and the Effectiveness of Endotracheal Tubes Coated with Silver Sulfadiazine. Master´s Dissertation, Rhode Island College, Providence, RI, USA, 2017. [Google Scholar] [CrossRef]








[image: Applsci 12 08328 g001 550] 





Figure 1. PRISMA protocol. 
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Figure 2. Methodological process. 
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Figure 3. Conceptual framework. 
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Figure 4. VOSviewer 1.6.18 analysis. 
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