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Abstract: As the research on smart cities matures and thrives, research focusing on smart rural
development has also emerged into the spotlight in recent years. An increasing number of scholars
have called for extending the discussion of smart development in the rural context. In response, this
paper aims to conduct a comprehensive scientometric review of the current academic literature in
the discussion of smart development in rural areas, centering on the concept of the smart village,
which is the most recognized concept in the existing literature and practices. The contributions of
this study are threefold. First, an overview of the current implementation and understanding of
smart village initiatives and conceptual frameworks provides practical and theoretical insights as
prerequisites for comprehending the concept. Second, to the best of our knowledge, this is the first
complete scientometric study in the smart village field and will establish baseline data for future
analysis and comparison. It describes the status of the scientific landscape based on quantitative
analysis and an intuitive visualization, identifying patterns, hotspots, trends, and gaps. Finally,
we find that the current trend puts a relatively narrow focus on the technology-driven approaches,
while the dimensions of society, services, and culture have been largely neglected. Therefore, a
dynamic conceptual model is proposed to call for more human-driven perspectives. We believe
that a knowledge-based, community-led, and human-centric rural society is the core of a smart
village ecosystem.
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1. Introduction

In the 2030 Agenda for Sustainable Development, the United Nations committed
to 17 sustainable development goals (SDGs), highlighting the question of how we can
make communities and their settlements more sustainable [1]. Within existing initiatives
and practices, one of the most promising answers towards achieving higher levels of
sustainability and meeting SDGs is to make communities “smart(er)” [2–4]. Many global,
national, and regional agendas have adopted the notion of “smart” as a central debate in
the vision of the future [5–7]. Although the term “smart” appears to be a malleable concept
in response to the realities of divergent agendas, the broad conceptual definitions appear
to be convergent [8–10]. The label of “smart”, in general, can be regarded as a growing
concept that involves fostering digital technology, intelligence, innovation, resilience, and
sustainability in community development.

Recently, research on smart cities has gained a significant amount of momentum and
still continues unabated, attracting diverse debates that contribute to interdisciplinary
approaches and reflections [11–14]. However, a common theme in smart city research is its
focus on large urban areas with a high population density and easy access to technology,
resources, and infrastructure [15]. Rural areas, on the other hand, have been neglected in
this wave of development.

Rural areas, compared with metropolitan areas, are significantly restricted by negative
constraints such as depopulation, a low degree of accessibility, digital illiteracy, and inade-
quate infrastructure [16–19]. It has been pointed out that rural areas risk being left even
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further behind and marginalized during the next stage of technological innovation, since
technologies are framed within an urban and neo-liberal approach to development [20,21].
Although technologies such as AI and blockchain are opening up new frontiers of produc-
tivity and opportunities [22,23], they can also exacerbate the exclusion of underdeveloped
regions with lower levels of technology adoption and usage. The digital divide, as warned
by the UN deputy chief, might become “the new face of inequality” [24].

To overcome the digital divide and reduce inequalities, more attention has been fo-
cused on smart rural development. Some researchers believe that smart city research can
be seen as a scalable approach to be applied equally to the study of social phenomena
unfolding at the level of villages as well as cities [25]. Some argue that rural regions form
a typology of regions whose identity and composition are distinct from most urbanized
regions [16]; hence, the solutions proposed should also be different [26]. Although existing
smart city research paradigms and approaches have paved the way for smart rural devel-
opment, rural areas still need more targeted responses. Smart rural development initiatives
and approaches, commonly termed “smart villages”, are regarded as a vital solution that
combats the rural decline due to remoteness and depopulation. As the research on smart
cities matures and thrives, research focusing on rural areas has emerged into the spotlight
in recent years [27,28]. Thus, an increasing number of scholars have called for extending
the discussion of smart development in rural areas [21,29,30].

With the increase in the number of academic publications, it is critical to synthesize
the existing knowledge and provide evidence-based insights for future studies. Previous
scholars have reviewed this field from different perspectives using several approaches.
Zavratnik et al. [7] conducted a comprehensive qualitative review of the initiatives and
practices focusing on the smart village concept and the importance of digital transformation
in rural areas. Stojanova et al. [31] provided a thorough review and synthesis of rural devel-
opment policies closely related to the concept of smart villages through a literature review
and online surveys. Although traditional reviews play an important role in providing
up-to-date knowledge, they also have limitations, such as being prone to subjective bias
and having no explicit structure for gathering and presenting evidence [32,33]. Systematic
reviews have emerged as an alternative to traditional reviews for more scientific and trans-
parent reporting of research in an evidence-based, structured, and pre-defined protocol
that requires rigorous methods [34,35]. Mishbah et al. [36] constructed a conceptual model
of a smart village through a systematic review and meta-analysis based on 56 articles.
Mukti et al. [37] conducted a thorough systematic literature review in order to formulate a
theoretical model that explains the causal mechanisms of rural smartness and its impact
based on 119 articles. Gerli et al. [38] conducted a systematic review of 79 documents and
emphasized the definition and characterization of a smart village. However, most of the
existing systematic reviews are based on a limited number of articles and were conducted
using a simplified process. Bibliometrics, as a wider term for scientometrics, provides
more objective and reliable analyses of the “big picture” view of existing research based on
quantifiable and observable data [39–41]. However, bibliometric or scientometric studies of
smart villages are scarce. We are only aware of one study that used bibliometric analysis to
identify the limited interventions of smart villages in Greece, which restricted the document
publication year to the time period from 2010 to 2021 and focused only on the global trends
of conceptual and planning approaches to smart villages [17].

To summarize, the existing reviews of smart village research mainly focus on the
following themes: initiatives, practices, and policies; conceptual or theoretical components,
frameworks, and models; measures and indicators for evaluation or assessment; and,
finally, research trends and topics. Thus, the current reviews do not provide a quantitative,
in-depth, and comprehensive overview of smart village research.

In response, this paper aims to conduct a comprehensive scientometric review to fill
the gaps in previous literature reviews. We focus on the current academic literature in
the discussion of smart development in rural areas, centering on the concept of the smart
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village, which is the most recognized concept in the existing literature and practice. This
paper provides a detailed overview of smart villages based on the following research goals:

1. Review current understandings and implementations related to smart village initia-
tives and outline a classification system for smart village research topics;

2. Describe the historical and geographic distributions of publications related to smart
village research;

3. Identify the influential contributors and collaboration patterns between differently
sized communities;

4. Visualize the knowledge base of this field and depict conceptual and intellectual
structures;

5. Reveal the research evolution trend to identify research hotspots and frontiers;
6. Propose a conceptual model capable of displaying an overview of the structure of a

smart village ecosystem.

The remainder of this paper is structured as follows. Section 2 describes the methodol-
ogy of this study. Section 3 presents the results. Section 4 discusses some of the findings.
Section 5 provides our conclusions and states the limitations of this study and prospects for
further research.

2. Methodology

In recent decades, scientometrics [42] has been broadly adopted as a quantitative
approach for evaluating existing scientific activities and impacts, identifying transformative
patterns, depicting knowledge landscapes, and predicting emerging trends in various
scientific fields [43–46].

2.1. Study Design

The scientometric analysis involved a six-step procedure adapted from the general
workflow proposed by Zupic and Čater [47], which is a recommended standard workflow
for science mapping research using bibliometric methods [48]. The overall workflow is
described in Figure 1.
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2.2. Data Collection and Preprocessing

In terms of data sources, we chose Scopus as the database for data collection in this
research for the following reasons. First, Scopus is one of the largest and most reliable global
databases with broad, comprehensive, and high-quality research coverage [49]. Second,
considering the two most widely used and important bibliographic databases (Web of
Science and Scopus), Scopus provides better coverage of the social sciences [50,51] and
delivers fewer inconsistencies regarding content verification and content quality [52]. Third,
other scholars have used Scopus to perform scientometric analysis in related areas [53–55].

The performance of the search strategy largely influences the results of the analysis.
As the field has a multidisciplinary nature, except for “smart village”, there are similar
or related concepts regarding smart rural development (e.g., smart rural areas, smart
countrysides, and smart rural communities). In this case, we adopted several search
queries with multiple terms and refined the results within those mainly targeting rural areas
with the Boolean operators “OR” and “AND”. The search strategy adopted a fuzzy search
denoted by the asterisk (*), which allows for heterogeneous enders or starters of the adopted
terms to be found to capture relevant variations of a word. Regarding document type,
we included articles, reviews, and conference papers for more comprehensive coverage
and confined the language to English documents. The final search was conducted on
6 November 2021 (for details, see Table A1).

Although the majority of bibliographic records retrieved from queries are reliable,
they inevitably contain errors, such as duplicate records, misspellings, inconsistent formats,
and missing information [48,56], and, in our case, irrelevant documents resulting from
the fuzzy search. During the data collection phase, we manually screened the records
according to their titles and abstracts to expel irrelevant documents for the first round.
We then aggregated the data obtained from multiple queries and removed duplicates,
finally reducing the sample to 425 documents published between 1998 and 2021. For
data preprocessing, we used a combination of R and Excel, and further data cleaning was
performed to standardize formats, fix detectable errors, and add missing information.

2.3. Techniques and Tools

Bibliometrics, or contemporary scientometrics, incorporates two main approaches:
performance analysis and science mapping [57–59]. Performance analysis concentrates
on assessing the activity of scientific actors (e.g., authors, institutions, countries, and
journals) and the impacts based on publications, citations, and collaborations. The most
common metrics are total publications (TP) and total citations (TC), where TP is a proxy
for productivity and TC measures impact and influence. Other metrics, such as cita-
tions per publication (TC/TP) and the h-index [60], combine both citations and publica-
tions to measure the performance of research constituents. Science mapping, or biblio-
metric mapping, explores the intellectual structures and dynamic patterns of scientific
research [42,61]. The most commonly used techniques are co-citation analysis [62], co-word
analysis [63], and co-authorship analysis [64]. Co-citation analysis assumes that frequently
co-cited publications are thematically similar and is used to analyze the knowledge base
constructed by academic communities. Co-word analysis studies the co-occurrence rela-
tionships of phases or words extracted from keywords, titles, or abstracts to reveal the
conceptual structure of a research field. Co-authorship analysis examines the interactions
among authors and their affiliations to study social structure and collaboration networks.
When combined with network analysis and clustering, such techniques are instrumental in
presenting the patterns and structures of the research field [65].

Cobo et al. [66] compared nine bibliometric analysis tools and concluded that no
single tool could provide a fully complete suite of bibliometric analyses. Therefore, we
performed a scientometric analysis through the combined use of two powerful and prag-
matic bibliometric tools, namely the bibliometrix R-tool and VOSviewer. Bibliometrix was
developed by Aria and Cuccurullo [48] based on the R language and is an open-source
tool for performing comprehensive science mapping analysis that can be integrated well
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with other statistical R-packages and bibliometric software. VOSviewer, developed by
Van Eck and Waltman [67], is a professional program for constructing and visualizing
bibliometric maps. Bibliometrix contains a more extensive set of analytical techniques
and provides a user-friendly interface (called “Biblioshiny”) for practitioners, whereas
VOSviewer provides a better visualization of networks.

3. Results
3.1. Preliminary Study

In this step, we conducted a preliminary study to obtain a better understanding of the
subsequent interpretation of the results of the scientometric analysis, mainly addressing
two questions. First, what are the current understandings and implementations of smart
villages? Second, assuming that a smart village is an integrated system, what are its basic
dimensions based on existing studies?

3.1.1. Current Understandings and Implementations

In the late 1990s, the smart growth movement, which initially targeted urban spawl
issues in the United States, inspired a widespread discussion about and the implementation
of the notion of “smart” [68–70]. Meanwhile, the widespread and rapid evolution of
information and communication technologies (ICTs) provided new opportunities and
instruments [71,72]. More inter-related concepts emerged in public discussions and social
science conferences. Earlier concepts included smart communities and smart communities
in urban areas, that is, smart cities. Soon, they entered social and political initiatives on
multiple levels, from the local to the supranational [5]. The switch in attention towards
rural communities only occurred during the last decade.

Similar to the smart city concept, there is a lack of a consensus on the origin, defini-
tion, and conceptualization of the ‘smart village’. In EU countries, the implementation
of the Europe 2020 strategy in 2010 is regarded as the beginning of the smart village
movement [4]. The Europe 2020 strategy indicated three inter-related priorities: smart,
sustainable, and inclusive growth leading to greater rural development [73]. In the EU
policy framework, smart growth is applied in a knowledge context, including policies
for innovation, education, and research [27]. In South and Southeast Asia, since India
was one of the first countries to apply the smart village concept within national missions,
some researchers [74,75] believe that the smart village concept was first introduced by
Indian scholars in a book entitled “Design of Smart Village” [76]. This book mapped out
an integrated design procedure for building a smart village ecosystem to deal with the
demographic deficit and achieve the goal of inclusive growth.

The diffusion initiatives and practices in countries with different needs and contextual
conditions make it difficult to identify shared opinions and common trends on a global
scale [77]. A brief review of current worldwide initiatives may provide more insights for
understanding smart villages from a pragmatic perspective. We list some of the most
representative practices in Table 1.

In 2017, the European Commission launched the EU Action for Smart Villages, which
was aimed at villages that were in decline due to remoteness and depopulation. The plan
contained a pragmatic definition of smart villages as “rural areas and communities that
build on their existing strengths and assets as well as develop new opportunities” [83]. To
be more specific, in the EU framework, smart villages are local rural communities that use
digital technologies and innovations in their daily life, thus improving their quality of life
and the standard of public services and ensuring better use of local resources. This is the
first official and most often repeated definition of a smart village [26].
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Table 1. Current global initiatives and regional or national agendas related to smart villages.

1. Worldwide Initiatives
Year Project or Program Objectives Affiliation Source

2011 Climate-Smart Villages
(CSVs)

To help farmers adapt to
climate change

CGIAR Research Program on
Climate Change, Agriculture,
and Food Security (CCAFS)

[78]

2014 Smart Village Initiative
(SVI)

To look at technical,
entrepreneurial, and policy

solutions to provide
sustainable energy for off-grid
rural community development

Smart Villages Research Group [79]

2014 IEEE Smart Village
(ISV)

To support the world’s
energy-impoverished

communities with renewable
energy, community-based

education, and entrepreneurial
opportunities

IEEE Inc. [80]

2. Regional or National Agendas

Year Region or Nation Representative Strategic
Agendas Vision Source

2010 Malaysia

In 2010, the idea of Smart City
Smart Village (SCSV) was

presented and approved by
Malaysia’s Global Science and
Innovation Advisory Council

(GSIAC).

To improve everything from
energy use to healthcare,

education, traffic, and
shopping by doing it “smart”

with the help of ICT and green
technology.

[81]

2016 India

The Government of India has
proposed the Shyama Prasad

Mukherji Rurban Mission
(SPMRM), or the so-called

Smart Village program, aimed
at developing such rural areas
by the provision of economic,

social, and physical
infrastructure facilities.

To make villages smart and the
growth centers of the nation.

To develop a cluster of villages
that preserve and nurture the
essence of rural community

life with a focus on equity and
inclusiveness, without

compromising the facilities
perceived to be essentially

urban in nature.

[82]

2017 European regions

In 2017, the European
Commission launched the EU

Action for Smart Villages,
which aimed to prevent

villages from declining due to
remoteness and depopulation.

To initiate some reflections on
the villages of the future based
on a shared vision of balanced

development in European
regions and the need to
provide rural areas and

villages with opportunities for
growth.

[83]

2019 China

The Chinese government
issued the “Smart (Digital)

Village Development Strategy
Outline” in order to realize the

sustainable development of
rural areas through the

construction of Smart Villages.

To revitalize rural areas in an
all-round way, with a strong

agricultural sector, a beautiful
countryside, and full

realization of farmers’ wealth
by 2050.

[84,85]

Note: Compiled by the authors.

In conclusion, in underdeveloped and developing areas, smart village initiatives
mainly focus on revitalizing rural areas through the agriculture sector or addressing the
lack of resources, basic infrastructure, and services (e.g., energy, water, education, food,
and employment). In developed regions such as Europe, initiatives are implemented in
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areas already equipped with basic infrastructure and, hence, target different challenges
such as the lack of productivity, knowledge innovation, and specialization. Thus, ‘smart
village’ is a fluid concept with different priorities depending on realistic situations, and the
central idea is to stimulate the endogenous development potential of rural areas.

3.1.2. Dimensions of a Smart Village

A village is a complex system composed of various dimensions and components. We
aimed to identify the basic dimensions of a smart village and use them in a classification
system to better understand the corresponding results of the scientometric analysis and
develop a conceptual model.

Table 2 outlines the key dimensions of a smart village as proposed in various studies.
Some researchers have constructed theoretical models to help us understand the concept
and provide pragmatic guidance. Others have identified smart village dimensions for
the assessment and evaluation of the performance of an implementation. In the studies
listed below, Adamowicz and Zwolińska-Ligaj [4] evaluated the potential for the smart
growth of rural areas in Poland based on a rating system that includes six dimensions
and is consistent with the smart city framework defined by Giffinger et al. [86]: (1) smart
mobility, (2) smart environment, (3) smart living, (4) smart people, (5) smart economy, and
(6) smart governance. According to Bibri and Krogstie [87], Giffinger et al.’s framework
is the most widely quoted, used, and applied classification system in the smart city field.
It seems that this framework, initially developed for urban communities, has also been
adapted to the study of rural communities.

Table 2. Current global initiatives and regional or national agendas related to smart villages.

Key Dimensions of a Smart Village Source Key Dimensions of a Smart Village Source

1. Smart Village Ecosystem

[76]

5. Smart Village Digital Ecosystem

[88]

a Institutions a Society
b Resources b Digital service

c Service delivery technologies and
mechanisms c Technical platform

d Service chains d Infrastructure

2. Smart Village Conceptual Model

[36]

e Organizational ecosystem

a Energy 6. Smart Village Model

[75]

b Economy a Governance
c ICT b Technology
d People c Resources
e Governance d Village services
f Environment e Living
g Living f Tourism

3. Framework of a Smart Village

[74]

7. Theoretical Framework for a Smart Village
System

[85]
a Resources a The strategic subsystem
b Technology b The social subsystem
c Service chains c The economic subsystem
d Institutions d The information subsystem

e Sustainability e The resource and
environmental subsystem

4. Smart Village model

[89]

8. Dimensions of the Smart Village Concept

[4,90]

Process Enabler a Management
a Smart economy Smart management b Quality of life
b Smart technology Smart industry c Economy
c Smart society Smart infrastructure d Society
d Smart ecology Smart people e Natural environment

e Smart
administration Smart environment f Mobility

Note: Compiled by the authors.

In this regard, it is obvious that the key dimensions of a smart village are not fixed.
Smart villages manifest themselves in several forms based on different objectives, chal-
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lenges, and realistic situations, a finding that is consistent with Albino et al.’s [91] findings
on the smart city literature. In our case, we aimed to create a classification system that could
be used for the identification and delineation of keywords and themes in the academic
literature during the subsequent analysis. Thus, referring to the discussion of the smart
village dimensions above, we preliminarily proposed a general theoretical framework with
the broadest possible coverage (as shown in Table 3).

Table 3. Proposed conceptual classification system for smart village research.

Dimensions Elements Dimensions Elements

1 Society

Human capital, cultural
capital, institutions,
knowledge, information,
innovation, etc.

5 Governance
Decision making, planning,
monitoring, assessment,
e-governance, branding, etc.

2 Resources Energy, land, water, soil,
air, etc. 6 Service

Sanitation, employment,
health care, education, food
supply, safety, housing,
training, etc.

3 Infrastructure

Architecture,
transportation, waste
and water management,
power grid,
telecommunication, etc.

7 Technology
IoT, AI, cloud, blockchain,
GIS, computing, smart grid,
5G, ICTs, etc.

4 Economy
Agriculture, farming,
tourism, e-commerce,
creative industry, etc.

8 Others Strategies, objectives,
challenges, conditions, etc.

Note: Compiled by the authors.

3.2. Scientometric Analysis
3.2.1. Publication Distributions
Annual Distribution

Figure 2 shows the historical development of smart village research from 1998 to 2020.
According to the findings of bibliometric studies on smart cities, smart city publications
showed a dramatic increase during the 2010s [92] and at an even earlier date (in 2008) [71,93].
The overall development trend is similar to that of smart city research, lagging by at least
five years. Moreover, the volume of smart village publications is still small compared
with that of smart city research. Thus, there is still a great deal of potential for smart
development in the rural context. Taking 2015 as a dividing line, we separated the period
into two phases based on the annual growth rate of publications.

1. Incubation phase (1998–2014).
In the exploration phase, there were 41 relevant documents. Since we adopted a
broad search with multiple related terms, most studies in this phase discussed smart
rural areas under the framework of smart growth, smart community, and smart
city discourse. The earliest document available in Scopus dates back to 1998 and
is titled “Communities left behind: Can nonviable places become smart?” [94]. In
this paper, the author noticed the recent attention to “growth from within” strategies,
emphasized rural endogenous development, and suggested quantitative measures
for more pragmatic decision-making. It is noteworthy that the author provided some
clues for how nonviable communities could become “smart”, as “smart communities
have empowered individuals, skilled leadership, innovative institutions, cultural
capital, and social capital”. Although there have been practical implementations, such
as Climate-Smart Villages (2011), the Smart Village Initiative (2014), and the IEEE
Smart Village (2014), as stated earlier, their influence seems to show a period of lag in
the academic literature.

2. Initial development (2015–present).
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During this phase, the distribution of annual publications witnessed a period of rapid
growth. There are 384 relevant documents, including data from 2021. We defined this
phase as the initial development phase because the volume of annual publications
related to smart villages is small compared with smart city research. In 2015, the
SDGs of the UN General Assembly, known as the 2030 Agenda, were issued, which
might have been an important motivation for the significant increase in academic
concern towards rural smart development. Among the retrieved journal articles and
conference papers, Azizul et al. [81] first mentioned the “smart village” concept as a
rural development initiative in a conference paper aiming to support the Smart City
Smart Village (SCSV) project within the Digital Malaysia initiative through computing
technology. Like Malaysia, during this period, many global, regional, and national
agendas adopted the smart village concept and applied it in policy-making and
implementations, as concluded in the previous section (Table 2). The dramatic surge
in publications shows how public policy agendas, pragmatic practices, and scientific
activities influence each other.
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Geographic Distribution

A total of 77 countries have contributed to the smart village research field, as depicted
in the world map in Figure 3. When counting the total number of publications, we identified
all authors and found 867 valid nationality records. The number of citations was counted
according to the affiliation of the first author.
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Figure 3. Geographic distribution of publications and citations.

Among all countries, the United States is the most productive and most cited, playing
an important role in this field. Asia is the most productive region, with India ranking second,
followed by China and Indonesia. Most studies in Asia are distributed in the southern,
eastern, and southeastern areas. The EU regions are also productive and influential, with
most of the European countries participating in the discussion and having the largest
number of total citations. In Africa, studies occurred mainly in peripheral coastal areas
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where many practical projects have been carried out. Egypt and South Africa are the
leading countries in Africa.

3.2.2. Relevant Contributors and Collaboration Patterns
Authors

We used frequency analysis to identify the most relevant contributors in terms of
authors and sources. Table 4 reveals the top 15 most relevant authors ranked according to
total publications, together with their affiliation information and bibliometric indicators.
The most prolific author was RB Zougmore, a member of the CGIAR Research Program on
CCAFS, which initiated the Climate-Smart Villages (CSVs) project to help farmers adapt to
climate change. It is worth pointing out that MD Lytras and A Visvizi have an extremely
high number of citations per publication (TC/TP = 115.00), indicating that their studies
have had a profound influence in this field. Among the listed authors, almost half (n = 7) of
the researchers belonged to affiliations in European regions.

Table 4. Top 15 most relevant authors.

No. Author Institution Country
(Region) TP * MAP FAP TC TC/

TP

1 Robert Zougmore
CGIAR Research
Program on
CCAFS

Netherlands
(Europe) 7 7 1 86 12.29

2 Robert T Dobson Stellenbosch
University

South
Africa
(Africa)

6 6 0 111 18.5

3 Gerro J Prinsloo Stellenbosch
University

South
Africa
(Africa)

6 6 6 111 18.5

4 Alan Mickelson University of
Colorado

USA
(Americas) 6 6 1 7 1.17

5 Andrea Mammoli University of New
Mexico

USA
(Americas) 5 5 0 87 17.4

6 Emilija Stojmenova
Duh

University of
Ljubljana

Slovenia
(Europe) 5 5 0 72 14.4

7 Francesc
Girbau-Llistuella

Polytechnic
University of
Catalonia

Spain
(Europe) 5 5 4 34 6.8

8 Andreas Sumper
Polytechnic
University of
Catalonia

Spain
(Europe) 5 5 0 34 6.8

9 Andrej Kos University of
Ljubljana

Slovenia
(Europe) 4 4 0 64 16

10 Francisco
Díaz-González

Polytechnic
University of
Catalonia

Spain
(Europe) 4 4 0 30 7.5

11 Bennett Miller University of
Colorado

USA
(Americas) 4 4 1 1 0.25

12 Miltiadis D. Lytras Effat University
Saudi
Arabia
(Asia)

3 3 1 345 115

13 Anna Visvizi Effat University
Saudi
Arabia
(Asia)

3 3 1 345 115

14 Nada A. Nabeeh Mansoura
University

Egypt
(Africa) 3 3 3 159 53

15 Veronika
Zavratnik

University of
Ljubljana

Slovenia
(Europe) 3 3 3 61 20.33

Note: * means ranking by TP. Abbreviations: TP, Total Publications; TC, Total Citations; TC/TP, Citations per
Publication; MAP, Multi-authored Publications; FAP, First-authored Publications. Data Source: Scopus.
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Sources

We calculated the number of journal articles (n = 217) and identified the 10 most prolific
journals out of the 151 sources. Table 5 summarizes the details of the top
ten journals. In terms of total publications, Sustainability is the leading journal with
a high number of articles (n = 21), followed by Energies (n = 9) and European Countryside
(n = 8). The top 10 source journals accounted for 27.6% (60/217) of the smart village papers.

Table 5. Top 10 most relevant sources.

No. Journal TP * TC TC/TP h-Index CS JCR Category

1 Sustainability 21 365 17.38 8 3.9

• Social Sciences
• Environmental
Science
• Energy

2 Energies 9 113 12.56 5 4.7
• Mathematics
• Engineering
• Energy

3 European
Countryside 8 29 3.63 4 2.1

• Social Sciences
• Environmental
Science

4 Journal of
Rural Studies 4 167 41.75 4 6.4 • Social Sciences

5 IEEE Access 3 156 52.00 3 4.8
• Engineering
• Computer Science
• Materials Science

6

Journal of the
American
Planning
Association

3 87 29.00 3 6.6 • Social Sciences

7 Sensors 3 19 6.33 3 5.8

• Physics and
Astronomy
• Engineering
• Computer Science
• Physics and
Astronomy
• Chemistry
• Biochemistry,
Genetics, and
Molecular Biology

8

IEEE
Consumer
Electronics
Magazine

3 13 4.33 2 6.4 • Engineering
• Computer Science

9 Water 3 7 2.33 1 3.7

• Social Sciences
• Agricultural and
Biological Sciences
• Environmental
Science
• Biochemistry,
Genetics, and
Molecular Biology

10
Sustainable
Cities and
Society

3 6 2.00 2 10.7
• Social Sciences
• Engineering
• Energy

Note: * means ranking by TP. Abbreviations: TP, Total Publications; TC, Total Citations; TC/TP, Citations per
Publication; CS, CiteScore2020. Data Source: Scopus.
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Co-Author Relationships

The identification of the co-author relationships in terms of scholars and their affilia-
tions clarifies the research collaboration status quo [95–97]. We present the collaborative
network between authors, institutions, and countries in Figure 4 from the micro-, meso-,
and macro-perspectives, respectively. In this case, we limited the number of nodes to
50 based on publications and removed isolated ones to prune the network so that the graph
would not be too complicated to comprehend.
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At both the author level and the institution level (Figure 4a,b), there were several
closed-loop circuits. This indicated that prolific authors and institutions have established
strong, closed collaborative groups. However, the lack of an interconnection between
clusters implies that there is still enough room to broaden authorial and institutional
cooperation. At the country level (Figure 4c), there were four distinct clusters consisting
of 28 nodes (total link strength, 279; links, 77). The United States has the broadest range
and largest number of collaborations (total link strength, 116; links, 12). The strongest
cooperation occurred between the United States and South Africa (link strength, 36). The
United States also has a close relationship with India, the United Kingdom, and China,
with link strengths of 25, 16, and 9, respectively. In European countries, the Netherlands
has the most extensive range and highest number of international collaborations (total link
strength, 60; links, 12). However, highly productive countries such as China and Indonesia
seem to participate in a relatively limited range of international projects considering the
number of publications produced. Overall, academic collaboration in the field of smart
villages is carried out worldwide and has a great deal of potential.

3.2.3. Hotspots, Structures, and Trends

According to the Scopus subject area count, among the 425 retrieved documents,
the top five most common subject areas were computer science (n = 190), social sciences
(n = 150), engineering (n = 141), energy (n = 96), and environmental science (n = 96)
along with 18 other subject areas. This indicates that rural smart development involves
multidisciplinary knowledge. In this section, we are interested in hotspots, conceptual and
intellectual structures, and the evolution of trends in the smart village field.

Most Frequent Keywords

Keywords are important terms and phrases highlighting the themes and focus of the
research content [98]. In Scopus, a document usually has two types of keywords: author
keywords and indexed keywords. Author keywords were chosen by the author(s), while
indexed keywords were chosen by content suppliers [99]. In this case, we performed
a statistical analysis on both types of keywords. It is worth clarifying that, to reduce
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the confusion caused by multiple variations of terms, we conducted a standardization
procedure to merge frequently used keywords considering synonyms, various spellings,
and plurals. The word clouds shown in Figure 5 intuitively illustrate the top 50 most
frequent keywords. The keywords were colored in accordance with the classification system
we developed earlier. In addition, according to the classification system, we conducted a
classification procedure to categorize these keywords into relevant dimensions, as shown
in Table A2.
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The keyword frequency analysis shows that, considering both author keywords and
indexed keywords, the dimension of technology has received a tremendous amount of
attention. Authors tend to choose keywords related to the objective dimension. In the
indexed keywords, phrases relevant to conditions and governance also accounted for a
large share. However, the total frequency related to social and service topics is relatively
low, indicating that there is still much space for discussion in these two dimensions.

Keyword Co-Occurrence Analysis: Conceptual Structure

Since keywords are typically viewed as brief and clear descriptions of research subjects,
it is reasonable to use keywords as units of analysis and extract a co-occurrence network of
keywords to identify the conceptual structures of the field. Here, we constructed networks
of all keywords (author keywords and index keywords) based on co-occurrence data.
We set the minimum occurrence frequency to 8, and, of the 3430 identified keywords,
61 met the threshold. In the network visualization view (Figure 6a), each keyword was
assigned to a cluster based on the computational algorithm in VOSviewer. In the overlay
visualization view (Figure 6b), the color of each keyword represents the keyword’s average
publication year, which was determined by taking the average of the publication years of
all the documents containing the keywords.

Four overarching themes became apparent through the clustering analysis. Cluster 1
is the largest cluster and comprises the most recently used keywords reflecting the high
degree of relevance of smart rural development and ICTs. Many technology-based ap-
proaches (e.g., IoT, big data, robotics, and AI) are rescaled and applied in rural contexts.
Agriculture is a promising area of application. In Cluster 2, the vision of sustainability is
emphasized and often discussed in connection with planning, decision-making, tourism,
and communities. The EU has a strong relationship with this topic. Cluster 3 embodies
the significance of energy use, especially in developing countries. Renewable energy is
a relatively new topic in this group. Cluster 4 comprises keywords that were adopted in
earlier studies that discuss rural planning under the smart growth discourse that initially
took place in the United States. The negative impacts of unlimited urbanization have drawn
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attention to ecology, the environment, and rural conservation. Innovation is regarded as an
important new idea related to this perspective.
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To conclude, the conceptual structure reveals three pillar themes in the existing litera-
ture that cover the four dimensions mentioned in the discussion of the classification system:
regional planning and decision-making for sustainable development (the dimension of
governance), renewable, efficient energy and off-grid infrastructure (the dimensions of
resources and infrastructure), and ICT-enhanced technological applications (the dimension
of technology).

Co-Citation Analysis: Intellectual Structure

Co-citation analysis can help us identify the most influential documents in a given field
and reveal the relationships between them established by academic communities [100]. In
measuring the co-citation strength, we measure the degree of the relationship or association
between documents as perceived by the population of citing authors [62]. In other words, a
co-citation network describes the intellectual structure of a research field whose pattern
evolves as the interests and intellectual patterns of the field change over time. As the
co-citation network shown in Figure 7 illustrates, we retained 100 highly cited documents,
removed isolated ones, and generated a network with 59 nodes.

Land 2022, 11, x FOR PEER REVIEW 16 of 30 
 

whose pattern evolves as the interests and intellectual patterns of the field change over 

time. As the co-citation network shown in Figure 7 illustrates, we retained 100 highly cited 

documents, removed isolated ones, and generated a network with 59 nodes. 

 

Figure 7. Co-citation network. n = 100 (isolated nodes removed). Minimum edges, 2; nodes, 59; clus-

ters, 4; links, 315; total link strength, 710. 

Table 6 lists the top 10 documents with the highest total link strengths in the network. 

It is apparent that the theoretical and practical studies on smart cities are valuable refer-

ences for smart village research [91,101–103]. In 2015, Naldi et al. [27] highlighted an es-

sential issue by discussing what smart rural development is. They conceptually analyzed 

and integrated the ideas that underlie the logic behind policies for smart growth in the EU 

context. The authors pointed out that there remains a question as to how we can translate 

smart growth policies to fit a diverse set of rural regions. The issue discussed in this paper 

inspired a widespread discussion of smart rural development that can be regarded as a 

turning point for smart rural development. After 2015, articles on rural digital develop-

ment [104], reviews on initiatives and practices [7], and comparative studies between 

smart cities and smart villages [25] became significant references in the field. 

Table 6. Top 10 most relevant sources. 

No. Title Source Author, Year 

1 What is smart rural development? Journal of Rural Studies [27] 

2 
Smart cities: Definitions, dimensions, 

performance, and initiatives 
Journal of Urban Technology [91] 

3 
Smart villages: Comprehensive review 

of initiatives and practices 
Sustainability [7] 

4 

Rural development in the digital age: 

A systematic literature review on une-

qual ICT availability, adoption, and 

use in rural areas 

Journal of Rural Studies [104] 

5 

Conceptualizing smart cities with the 

dimensions of technology, people, and 

institutions 

Proceedings of the 12th Annual In-

ternational Digital Government 

Research Conference 

[102] 

Figure 7. Co-citation network. n = 100 (isolated nodes removed). Minimum edges, 2; nodes, 59;
clusters, 4; links, 315; total link strength, 710.

Table 6 lists the top 10 documents with the highest total link strengths in the network.
It is apparent that the theoretical and practical studies on smart cities are valuable references
for smart village research [91,101–103]. In 2015, Naldi et al. [27] highlighted an essential
issue by discussing what smart rural development is. They conceptually analyzed and
integrated the ideas that underlie the logic behind policies for smart growth in the EU
context. The authors pointed out that there remains a question as to how we can translate
smart growth policies to fit a diverse set of rural regions. The issue discussed in this paper
inspired a widespread discussion of smart rural development that can be regarded as a
turning point for smart rural development. After 2015, articles on rural digital develop-
ment [104], reviews on initiatives and practices [7], and comparative studies between smart
cities and smart villages [25] became significant references in the field.
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Table 6. Top 10 most relevant sources.

No. Title Source Author, Year

1 What is smart rural
development?

Journal of Rural
Studies [27]

2

Smart cities:
Definitions,
dimensions,

performance, and
initiatives

Journal of Urban
Technology [91]

3

Smart villages:
Comprehensive

review of initiatives
and practices

Sustainability [7]

4

Rural development in
the digital age: A

systematic literature
review on unequal

ICT availability,
adoption, and use in

rural areas

Journal of Rural
Studies [104]

5

Conceptualizing
smart cities with the

dimensions of
technology, people,

and institutions

Proceedings of the
12th Annual

International Digital
Government Research

Conference

[102]

6

Rescaling and
refocusing smart

cities research: From
mega cities to smart

villages

Journal of Science and
Technology Policy

Management
[25]

7 Smart Cities in
Europe

Journal of Urban
Technology [101]

8 Smart city policies: A
spatial approach Cities [103]

9

It’s not a fad: Smart
cities and smart

villages research in
European and global

contexts

Sustainability [28]

10
The real-time city?
Big data and smart

urbanism
GeoJournal [105]

Thematic Evolution

When keyword co-occurrence analysis is employed for mapping science, clusters of
keywords representing different themes are obtained [106]. According to Cobo et al. [58],
if the raw data are divided into different consecutive groups of years (i.e., subperiods),
the evolution of the research field under study can be analyzed. We divided the research
period (1998–2021) into four subperiods (subperiod A, 1998–2014; subperiod B, 2015–2017;
subperiod C, 2018–2019; subperiod D, 2020–2021). Then, we developed four strategic dia-
grams and a Sankey diagram based on index keywords to illustrate the thematic evolution
(as shown in Figures 8 and 9).
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A strategic diagram (Figure 8) with four quadrants can characterize four kinds of
themes according to their centrality and density: (1) motor themes (themes in the first
quadrant, representing important themes with a great deal of potential), (2) niche themes
(themes in the second quadrant, implying that they are very specialized but peripheral),
(3) emerging or declining themes (themes in the third quadrant that are peripheral and
undeveloped), and (4) basic themes (themes in the fourth quadrant, representing im-
portant but undeveloped themes that are transversal and general) [66,107–109]. In the
Sankey diagram (Figure 9), each block denotes a thematic cluster labeled by the keyword
used with the highest frequency. The size of the block is proportional to the number of
keywords under the theme. The links and the corresponding thickness indicate the evolu-
tionary direction and quantity [110,111]. Themes that have no linkages with other themes
were omitted.

From an overall perspective, there are several enlightening findings:

1. Smart village research was initially derived from themes related to smart cities, smart
communities, regional planning, and sustainable development. These themes were
mainly basic themes, motor themes, and niche themes in subperiod A;

2. Sustainable development remained a significant idea throughout the thematic evolu-
tion. It was developed in 2015 and has since matured into a basic theme;

3. Technology-dimension-related themes (e.g., AI, communication technology, and the
IoT) continuously evolve, transfer with a high degree of flexibility, and remain motor
themes. These themes commonly merge with themes related to other dimensions (e.g.,
resources, governance, and the economy) and generate new themes (e.g., smart power
grids, e-governance, and smart agriculture), implying a wide range of applications
for these technologies;

4. Regarding subperiod D, motor themes that are well developed and have potential
can be identified as subtopics in the economic dimension, such as climate-smart
agriculture and rural tourism, as well as emerging technologies such as AI, the IoT,
and robotics. Quality of life (i.e., smart living) and community-centered studies might
become promising emerging themes in the future.

However, the continual transfer, differentiation, and regeneration among theme clus-
ters indicates that the smart village research field is still in an initial phase and far from
mature. Even in the more widely discussed dimensions, the subtopics remain untapped in
terms of depth and width. Taking the dimension of resources as an example, the current
focus is mainly on energy use, while an insufficient amount of attention has been paid to
other aspects (e.g., land, water, and air).

3.3. Proposed Conceptual Model

Based on the results presented above, we noticed that the existing research on smart
rural development has attracted a considerable amount of interest in technology-driven
methods. However, there is a lack of studies on human-driven perspectives.

Therefore, to call for more human-centric perspectives, we constructed a dynamic
conceptual model describing the structural relationship among the basic dimensions of a
smart village. As depicted in Figure 10, the smart village model consists of three layers: an
environmental layer, an activity layer, and an actor layer. The environmental layer includes
natural resources, cultural resources, and the built infrastructure, providing the resources
and space needed for smart activities to occur. The activity layer is composed of four active
dimensions: governance, technology, services, and the economy, which facilitate smart
initiatives. In the center, the actor layer is represented by the core dimension of society.
We believe that the social dimension, which involves various stakeholders, is essential for
realizing endogenous development. The interaction among these dimensions in different
layers enables the implementation of smart environments, smart infrastructure, a smart
economy, smart people, smart governance, smart living, and other future directions.



Land 2022, 11, 1362 19 of 28

Land 2022, 11, x FOR PEER REVIEW 19 of 30 
 

robotics. Quality of life (i.e., smart living) and community-centered studies might be-

come promising emerging themes in the future. 

However, the continual transfer, differentiation, and regeneration among theme clus-

ters indicates that the smart village research field is still in an initial phase and far from 

mature. Even in the more widely discussed dimensions, the subtopics remain untapped 

in terms of depth and width. Taking the dimension of resources as an example, the current 

focus is mainly on energy use, while an insufficient amount of attention has been paid to 

other aspects (e.g., land, water, and air). 

3.3. Proposed Conceptual Model 

Based on the results presented above, we noticed that the existing research on smart 

rural development has attracted a considerable amount of interest in technology-driven 

methods. However, there is a lack of studies on human-driven perspectives.  

Therefore, to call for more human-centric perspectives, we constructed a dynamic 

conceptual model describing the structural relationship among the basic dimensions of a 

smart village. As depicted in Figure 10, the smart village model consists of three layers: 

an environmental layer, an activity layer, and an actor layer. The environmental layer in-

cludes natural resources, cultural resources, and the built infrastructure, providing the 

resources and space needed for smart activities to occur. The activity layer is composed of 

four active dimensions: governance, technology, services, and the economy, which facili-

tate smart initiatives. In the center, the actor layer is represented by the core dimension of 

society. We believe that the social dimension, which involves various stakeholders, is es-

sential for realizing endogenous development. The interaction among these dimensions 

in different layers enables the implementation of smart environments, smart infrastruc-

ture, a smart economy, smart people, smart governance, smart living, and other future 

directions. 

 

Figure 10. A dynamic conceptual model of a smart village. Proposed by the authors based on 

Giffinger and Gudrun, 2010 [86]; Fernandez-Anez et al., 2018 [112]; Mishbah et al., 2018 [36]; and 

Zhang and Zhang, 2020 [85]. 

  

Figure 10. A dynamic conceptual model of a smart village. Proposed by the authors based on
Giffinger and Gudrun, 2010 [86]; Fernandez-Anez et al., 2018 [112]; Mishbah et al., 2018 [36]; and
Zhang and Zhang, 2020 [85].

4. Discussion
4.1. Rural Smart Development Needs Tailored Solutions

Our review of smart village initiatives indicates that rural smart development strate-
gies and implementations have different priorities depending on specific economic, ge-
ographical, and cultural realities. The overarching goal is to discover, promote, and
maximize the potential of rural communities and their settlements to create interconnected,
yet self-sufficient, ecosystems. As Tödtling and Trippl point out, there is no fixed model
for innovation policies [113]. Camagni and Capello also argue that policies addressing the
smart growth goal in Europe had to diversify their approach to comply with the specificities
and potentials of each particular region [114]. The case study in Poland proves that the
implementation of the smart village concept is related to the different conditions of the
agricultural and spatial structure of rural areas [115].

Hence, the smart village concept does not propose a one-size-fits-all solution. It is
territorially sensitive, based on the objectives and realistic conditions of the respective
villages, and influenced by new challenges and opportunities [116]. Smart villages know
what to do and what is feasible and are able to find a unique profile that sets them apart
from other areas and activates their potential and attractiveness [117]. It is worth noting
that the self-sufficiency that we mentioned above emphasizes the stability and resilience
of the village in the face of external shocks. The smart village ecosystem is not isolated or
closed. It actively interacts with other systems and establishes relations.

Therefore, the model we propose in this study is highly elastic. The positions, sizes,
and inter-relations of the components in the proposed model can be modified adaptively in
a dynamic form, thus enabling customization for specific cases.

4.2. Technology Serves as a Means Rather than an End

As Lytras et al. [118] mention, the concept and approach captured by the term “smart
village” go beyond the techno-hype; they seek to do much more than showcase how
sophisticated ICTs can be employed in rural settlements. Indeed, ICT-enhanced technolo-
gies benefit communities and their inhabitants in many respects; hence, the technology
dimension is often highlighted and favored in some urban or rural community concep-
tualizations of smartness [119,120]. It is undeniable that technology has a great deal of
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potential to facilitate decision-making, implementation, and evaluation processes for smart
development with an appropriate objective. For example, D’Andria et al. outlined an
innovative multi-criterion analysis tool for the selection of the best project initiatives in
small towns [121], while Nesticò et al. developed an algorithm-based model capable of
identifying the best practices of sustainable regeneration projects [122]. They proved that
modern techniques are flexible and can be effectively applied to deal with the complexity
of various small realities.

However, in the smart city research field, scholars have noticed that technology-driven
methods should be considered as the means to reach certain ends rather than as ends
themselves [123–126]. Now, this issue also arises in the rural context. As intimated by
many practical cases in rural areas, the technological component is not the only, or even
the most important, factor in achieving smartness [7]. Based on a case study in the Czech
Republic, Vaishar and Št’astná [127] found that the main barrier to the promotion of the
smart village concept was not the coverage or accessibility of digital technology but the
rural population’s lower level of education and conservatism. An investigation carried out
in Northern Ireland also revealed that the most successful intervention of the smart rural
development project was the improved access to local services [128].

Thus, in the dynamic model of a smart village, the technology dimension was set in
the activity layer as one of the essential means by which to facilitate smart initiatives.

4.3. People Are at the Core of the Smart Village Ecosystem

Technology is socially constructed, and societal forces control its impact [21]. A decade
of trial and error in smart city practices suggests that smart strategies start with people, not
technology [129–132]. Zavratnik et al. [133] emphasized the need to develop a community-
centered approach to achieving sustainability for both smart cities and smart villages,
which transcend the urban–rural boundary and regard the community as an organic whole
rather than a group of individuals. Despite the limitations of the time periods in which they
lived, ancient philosophers can shed some light on this issue. The concept of Ren (humanity,
love, and humaneness; pronounced “jen”) is a central concept in Confucianism that has
undergone more than 2000 years’ worth of evolution [134]. Confucianism advocates the
governance philosophy of ruling the country through benevolence (Ren), valuing people,
and respecting talents. The Socratic philosophers in ancient Greece were equally insightful
about human-centric perspectives. Socrates claimed that human demands create poleis. In
Plato’s thought, the function of an ideal polis is to promote its people’s wealth, freedom,
wisdom, knowledge, and happiness [135]. In other words, what makes communities smart
rests on the smart capabilities of their inhabitants. The answer to the question of how we can
shape smartness highly depends on the demands of the community itself. In the smart city
context, the attention of researchers has switched to a more human-centered direction [136].
Humane smart cities have emerged as a new sub-field of study that addresses what has to
be done in cities to make them more livable and more in tune with their citizens’ wishes
and needs [137,138].

To date, the academic discourse on smart villages has surprisingly overlooked human-
centered perspectives, such as society, services, and culture. This finding is in agreement
with a study based on policies related to the concept of smart villages. Stojanova et al. [31]
noticed that the social aspect of living is falling behind compared with other areas. They
called for an expanded discussion of issues regarding education, free-time activities, and
cultural activities as well as issues concerning the general well-being of people.

In this case, we put society at the center of the dynamic model, indicating that at the
heart of the smart village approach is the well-being of rural inhabitants.

5. Conclusions

This paper offers a comprehensive and in-depth scientometric analysis of the current
academic literature on smart development in rural areas, centering on the concept of smart
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villages. To this end, we drew some enlightening conclusions by targeting the previously
mentioned research goals.

First, an overview of the current implementation and understanding of smart village
initiatives and models provided practical and theoretical insights crucial for comprehend-
ing the concept. Based on existing studies, smart village research topics can be generally
classified into eight dimensions: society, resources, infrastructure, the economy, gover-
nance, technology, services, and others (e.g., challenges, objectives, and conditions). It is
noteworthy that, although rarely mentioned in the existing smart village literature, culture
plays an important role and should not be dismissed.

Second, to the best of our knowledge, this is the first comprehensive scientometric
study in the smart village field and will establish baseline data for future analysis and
comparison. It may help us describe the state of the current scientific landscape in this field
and identify patterns, hotspots, trends, and gaps based on quantitative analysis and an
intuitive visualization. The volume of smart village publications is still small compared
with that of smart city research. Thus, there is still a great deal of potential for smart
development in the rural context.

Finally, considering the current tendency to place technology in a significant position,
a dynamic conceptual model was proposed in order to call for more discussion on the
dimensions of society, services, and culture. More perspectives on human-driven methods
are expected in future studies. We believe that a knowledge-based, community-led, and
human-centric rural society is the core of a smart village ecosystem.

Despite its contributions, this study has certain limitations. First, the data-driven
nature of the scientometric approach can lead to unintended consequences if it is used
uncritically. Bibliometric measures, although seemingly objective, still require peer review
judgments to ensure that the results are valid and reliable [139,140]. In addition, we only
used one data source and set exclusion criteria to refine the set of retrieved documents (e.g.,
the language and the types of documents) for higher data quality and a compelling analysis.
Combining Scopus with other databases and including more non-English publications
could provide a more complete dataset and broader insights. Moreover, we widened the
range of adopted terms and included several relevant concepts (e.g., smart countrysides
and smart rural areas) to take a holistic view of smart rural development. It is worth
mentioning that a village is conceptually different from the aggregate construct of a rural
area or countryside [28]. Future studies could make more precise distinctions in terms of
conceptual boundaries as more studies become available.

We believe that this paper will become a significant reference that will enable re-
searchers and practitioners to capture a holistic view of the smart village research field.
The research framework established in this study provides guidance on the analysis of
the knowledge base of other research fields. Additional future work should also consider
employing other analysis approaches in order to extend this analysis and verify the results.
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Appendix A

Table A1. Details of the data retrieval criteria and results.

Query 1 Query 2 Query 3 Query 4 Query 5

Query string TITLE-ABS-KEY
(“*smart* village*”)

TITLE-ABS-KEY
(“*smart rural*”

OR “*smart
countryside*”)

TITLE-ABS-KEY
(“*smart cit*”)

AND KEY (rural*
OR village* OR
countryside*)

TITLE-ABS-KEY
(“smart growth*”

OR “smart
develop*”) AND
TITLE-ABS-KEY

(rural* OR village*
OR countryside*)

TITLE-ABS-KEY
(“smart

communit*” OR
“smart territor*”

OR “smart region*”
OR “*smart

settlement*”) AND
TITLE-ABS-KEY

(rural* OR village*
OR countryside*)

Limit to
Document Type Article (ar) or Review (re) or Conference

Paper (cp)

LIMIT-TO (DOCTYPE, “ar”) OR
LIMIT-TO (DOCTYPE, “cp”) OR

LIMIT-TO (DOCTYPE,”re”)

Language English LIMIT-TO (LANGUAGE, “English”)

Search results 209 75 181 96 58

After screening 207 75 121 61 56

Retrieval period 16 October 2021 to 6 November

Removed
duplicates 95

Final records 425 (Articles, 201; Conference papers, 208; Reviews, 16)

Appendix B

Table A2. Top 50 most frequently used keywords.

Author Keywords Indexed Keywords
Dimensions (Freq.) Keywords (Freq.) Dimensions (Freq.) Keywords (Freq.)

O
th

er
s

Challenges (9) climate change (6)
depopulation (3)

O
th

er
s

Challenges (13) climate change (13)

Objectives (83)

rural development (17)
sustainable
development (13) smart
growth (12)
sustainability (12) smart
development (7)
regional development (5)
resilience (4) village
development (4)
adaptation (3) climate
change adaptation (3)
community
development (3)

Objectives (128)

sustainable
development (53)
rural development (39)
sustainability (15)
urban growth (12)
regional
development (9)

Conditions (38) rural area (21) rural (8)
urbanization (5) India (4) Conditions (296)

rural area (201) village
(29) United States (18)
developing countries
(14) European union (12)
urban and rural area (11)
urban area (11)
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Table A2. Cont.

Author Keywords Indexed Keywords
Dimensions (Freq.) Keywords (Freq.) Dimensions (Freq.) Keywords (Freq.)

Governance (27)

digitalization (9)
e-governance (6) policy
(4) smart
specialization (4)
spatial planning (4)

Governance (110)

regional planning (30)
decision-making (19)
planning (17) urban
planning (17) surveys
(11) e-governance (8)
information
management (8)

Technology (97)

IoT (35) ICT (16) big data
(7) artificial intelligence
(6) GIS (6) AHP (5)
lpwan (5) sensors (5)
cloud (3) cloud
computing (3) clustering
(3) digital technology (3)

Technology (118)

IoT (50) big data (25)
artificial intelligence (15)
ICT (15) agricultural
robots (13)

Economy (16)

climate-smart
agriculture (9)
agriculture (4)
e-commerce (3)

Economy (81)

agriculture (21)
investment (18)
commerce (14)
economics (10) tourism
(10) costs (8)

Infrastructure (13) smart grid (7)
micro grid (6) Infrastructure (68)

electric power
transmission
network (23)
smart power grid (23)
smart grid (12)
micro grid (10)

Resource (18)

renewable energy (7)
energy efficiency (4)
solar energy (4)
energy (3)

Resource (66)

energy efficiency (17)
renewable energy
resources (13) solar
energy (10) renewable
energies (9) water
quality (9) ecosystem (8)

Society (7) smart community (7) Society (44)

information system (13)
smart community (12)
rural community (10)
digital storage (9)

Services (7) mobility (4)
connectivity (3) Service (34)

information use (13)
energy utilization (11)
water supply (10)

Note: Concept terms (e.g., smart village, smart city, climate-smart village, and smart region) are omitted in
the table.

References
1. The United Nations. #Envision2030: 17 Goals to Transform the World for Persons with Disabilities|United Nations Enable.

Available online: https://www.un.org/development/desa/disabilities/envision2030.html (accessed on 28 July 2022).
2. Anderson, A.; Loomba, P.; Orajaka, I.; Numfor, J.; Saha, S.; Janko, S.; Johnson, N.; Podmore, R.; Larsen, R. Empowering Smart

Communities: Electrification, Education, and Sustainable Entrepreneurship in IEEE Smart Village Initiatives. IEEE Electrific. Mag.
2017, 5, 6–16. [CrossRef]

3. Min, K.; Yoon, M.; Furuya, K. A Comparison of a Smart City’s Trends in Urban Planning before and after 2016 through Keyword
Network Analysis. Sustainability 2019, 11, 3155. [CrossRef]
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47. Zupic, I.; Čater, T. Bibliometric Methods in Management and Organization. Organ. Res. Methods 2015, 18, 429–472. [CrossRef]
48. Aria, M.; Cuccurullo, C. Bibliometrix: An R-Tool for Comprehensive Science Mapping Analysis. J. Informetr. 2017, 11, 959–975.

[CrossRef]
49. Elsevier. Why Choose Scopus—Scopus Benefits|Elsevier Solutions. Available online: https://www.elsevier.com/solutions/

scopus/why-choose-scopus (accessed on 28 July 2022).
50. Norris, M.; Oppenheim, C. Comparing Alternatives to the Web of Science for Coverage of the Social Sciences’ Literature. J.

Informetr. 2007, 1, 161–169. [CrossRef]
51. Mongeon, P.; Paul-Hus, A. The Journal Coverage of Web of Science and Scopus: A Comparative Analysis. Scientometrics 2016,

106, 213–228. [CrossRef]
52. Adriaanse, S.L.; Rensleigh, C. Web of Science, Scopus and Google Scholar: A Content Comprehensiveness Comparison. Electron.

Libr. 2013, 31, 727–744. [CrossRef]
53. Grazieschi, G.; Asdrubali, F.; Guattari, C. Neighbourhood Sustainability: State of the Art, Critical Review and Space-Temporal

Analysis. Sustain. Cities Soc. 2020, 63, 102477. [CrossRef]
54. Malanski, P.D.; Dedieu, B.; Schiavi, S. Mapping the Research Domains on Work in Agriculture. A Bibliometric Review from

Scopus Database. J. Rural Stud. 2021, 81, 305–314. [CrossRef]
55. Wu, Z.; Jiang, M.; Li, H.; Zhang, X. Mapping the Knowledge Domain of Smart City Development to Urban Sustainability: A

Scientometric Study. J. Urban Technol. 2021, 28, 29–53. [CrossRef]
56. Franceschini, F.; Maisano, D.; Mastrogiacomo, L. Empirical Analysis and Classification of Database Errors in Scopus and Web of

Science. J. Informetr. 2016, 10, 933–953. [CrossRef]
57. Noyons, E.C.M.; Moed, H.F.; Van Raan, A.F.J. Integrating Research Performance Analysis and Science Mapping. Scientometrics

1999, 46, 591–604. [CrossRef]
58. Cobo, M.J.; López-Herrera, A.G.; Herrera-Viedma, E.; Herrera, F. An Approach for Detecting, Quantifying, and Visualizing the

Evolution of a Research Field: A Practical Application to the Fuzzy Sets Theory Field. J. Informetr. 2011, 5, 146–166. [CrossRef]
59. Kastrin, A.; Hristovski, D. Scientometric Analysis and Knowledge Mapping of Literature-Based Discovery (1986–2020). Sciento-

metrics 2021, 126, 1415–1451. [CrossRef]
60. Hirsch, J.E. An Index to Quantify an Individual’s Scientific Research Output. Proc. Natl. Acad. Sci. USA 2005, 102, 16569–16572.

[CrossRef] [PubMed]
61. Chen, C. Science Mapping: A Systematic Review of the Literature. J. Data Inf. Sci. 2017, 2, 1–40. [CrossRef]
62. Small, H. Co-Citation in the Scientific Literature: A New Measure of the Relationship between Two Documents. J. Am. Soc. Inf.

Sci. 1973, 24, 265–269. [CrossRef]
63. Callon, M.; Courtial, J.-P.; Turner, W.A.; Bauin, S. From Translations to Problematic Networks: An Introduction to Co-Word

Analysis. Soc. Sci. Inf. 1983, 22, 191–235. [CrossRef]
64. Newman, M.E.J. The Structure of Scientific Collaboration Networks. Proc. Natl. Acad. Sci. USA 2001, 98, 404–409. [CrossRef]
65. Donthu, N.; Kumar, S.; Mukherjee, D.; Pandey, N.; Lim, W.M. How to Conduct a Bibliometric Analysis: An Overview and

Guidelines. J. Bus. Res. 2021, 133, 285–296. [CrossRef]
66. Cobo, M.J.; López-Herrera, A.G.; Herrera-Viedma, E.; Herrera, F. Science Mapping Software Tools: Review, Analysis, and

Cooperative Study among Tools. J. Am. Soc. Inf. Sci. 2011, 62, 1382–1402. [CrossRef]
67. Van Eck, N.J.; Waltman, L. Software Survey: VOSviewer, a Computer Program for Bibliometric Mapping. Scientometrics 2010, 84,

523–538. [CrossRef]
68. Daniels, T. Smart Growth: A New American Approach to Regional Planning. Plan. Pract. Res. 2001, 16, 271–279. [CrossRef]

http://doi.org/10.1007/s13132-021-00736-7
http://doi.org/10.1108/TG-07-2021-0126
http://doi.org/10.1016/j.jbusres.2014.03.015
http://doi.org/10.1007/s11192-015-1645-z
http://doi.org/10.1080/13662716.2020.1726729
http://doi.org/10.1002/aris.1440370106
http://doi.org/10.1080/09737766.2008.10700853
http://doi.org/10.1016/j.ejor.2015.04.002
http://doi.org/10.1023/A:1010577824449
http://doi.org/10.1177/1094428114562629
http://doi.org/10.1016/j.joi.2017.08.007
https://www.elsevier.com/solutions/scopus/why-choose-scopus
https://www.elsevier.com/solutions/scopus/why-choose-scopus
http://doi.org/10.1016/j.joi.2006.12.001
http://doi.org/10.1007/s11192-015-1765-5
http://doi.org/10.1108/EL-12-2011-0174
http://doi.org/10.1016/j.scs.2020.102477
http://doi.org/10.1016/j.jrurstud.2020.10.050
http://doi.org/10.1080/10630732.2020.1777045
http://doi.org/10.1016/j.joi.2016.07.003
http://doi.org/10.1007/BF02459614
http://doi.org/10.1016/j.joi.2010.10.002
http://doi.org/10.1007/s11192-020-03811-z
http://doi.org/10.1073/pnas.0507655102
http://www.ncbi.nlm.nih.gov/pubmed/16275915
http://doi.org/10.1515/jdis-2017-0006
http://doi.org/10.1002/asi.4630240406
http://doi.org/10.1177/053901883022002003
http://doi.org/10.1073/pnas.98.2.404
http://doi.org/10.1016/j.jbusres.2021.04.070
http://doi.org/10.1002/asi.21525
http://doi.org/10.1007/s11192-009-0146-3
http://doi.org/10.1080/02697450120107880


Land 2022, 11, 1362 26 of 28

69. O’Connell, L. Exploring the Social Roots of Smart Growth Policy Adoption by Cities *. Soc. Sci. Q. 2008, 89, 1356–1372. [CrossRef]
70. Tregoning, H.; Agyeman, J.; Shenot, C. Sprawl, Smart Growth and Sustainability. Local Environ. 2002, 7, 341–347. [CrossRef]
71. Ingwersen, P.; Serrano-López, A.E. Smart City Research 1990–2016. Scientometrics 2018, 117, 1205–1236. [CrossRef]
72. Houghton, J.W. ICT and the Environment in Developing Countries: A Review of Opportunities and Developments. In What Kind

of Information Society? Governance, Virtuality, Surveillance, Sustainability, Resilience; Berleur, J., Hercheui, M.D., Hilty, L.M., Eds.;
IFIP Advances in Information and Communication Technology; Springer: Berlin/Heidelberg, Germany, 2010; Volume 328, pp.
236–247. ISBN 9783642154782.

73. Erixon, F. The Europe 2020 Strategy: Time for Europe to Think Again. Eur. View 2010, 9, 29–37. [CrossRef]
74. Ella, S.; Andari, R.N. Developing a Smart Village Model for Village Development in Indonesia. In Proceedings of the 2018

International Conference on ICT for Smart Society (ICISS), Semarang, Indonesia, 10–11 October 2018; pp. 1–6.
75. Aziiza, A.A.; Susanto, T.D. The Smart Village Model for Rural Area (Case Study: Banyuwangi Regency). IOP Conf. Ser. Mater. Sci.

Eng. 2020, 722, 012011. [CrossRef]
76. Viswanadham, N.; Vedula, S. Design of Smart Villages. Cent. Glob. Logist. Manuf. Strat. 2010, 1–16.
77. Neirotti, P.; De Marco, A.; Cagliano, A.C.; Mangano, G.; Scorrano, F. Current Trends in Smart City Initiatives: Some Stylised Facts.

Cities 2014, 38, 25–36. [CrossRef]
78. CCAFS. Climate-Smart Villages. Available online: https://ccafs.cgiar.org/climate-smart-villages (accessed on 28 July 2022).
79. Smart Villages Research Group Welcome to SVRG|Smart Villages Research Group. Available online: https://e4sv.org/ (accessed

on 28 July 2022).
80. IEEE Smart Village About IEEE Smart Village—IEEE Smart Village. Available online: https://smartvillage.ieee.org/about-ieee-

smart-village/ (accessed on 20 July 2022).
81. Azizul, N.H.; Nasruddin, M.F.; Rosmadi, M.; Zin, A.M. Advanced Ubiquitous Computing to Support Smart City Smart Village

Applications. In Proceedings of the 2015 International Conference on Electrical Engineering and Informatics (ICEEI), Denpasar,
Bali, Indonesia, 10–11 August 2015; pp. 720–725.

82. SPMRM|Ministry of Rural Development|GOI. Available online: https://rurban.gov.in/index.php/public_home/about_us#gsc.
tab=0 (accessed on 28 July 2022).

83. Paneva, V. EU Action for Smart Villages. Available online: https://enrd.ec.europa.eu/news-events/news/eu-action-smart-
villages_en (accessed on 28 July 2022).

84. Xinhuanet. General Office of the CPC Central Committee. General Office of the State Council issued the “Outline of Digital
Countryside Development Strategy” _Central Relevant Documents_Chinese Government Website. Available online: http:
//www.gov.cn/zhengce/2019-05/16/content_5392269.htm (accessed on 28 July 2022).

85. Zhang, X.; Zhang, Z. How Do Smart Villages Become a Way to Achieve Sustainable Development in Rural Areas? Smart Village
Planning and Practices in China. Sustainability 2020, 12, 10510. [CrossRef]

86. Giffinger, R.; Gudrun, H. Smart Cities Ranking: An Effective Instrument for the Positioning of the Cities? ACE: Archit. City
Environ. 2010, 4, 7–26. [CrossRef]

87. Bibri, S.E.; Krogstie, J. Smart Sustainable Cities of the Future: An Extensive Interdisciplinary Literature Review. Sustain. Cities Soc.
2017, 31, 183–212. [CrossRef]

88. Philip, L.; Williams, F. Healthy Ageing in Smart Villages? Observations from the Field. Eur. Countrys. 2019, 11, 616–633. [CrossRef]
89. Shcherbina, E.; Gorbenkova, E. Smart City Technologies for Sustainable Rural Development. IOP Conf. Ser. Mater. Sci. Eng. 2018,

365, 022039. [CrossRef]
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