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Abstract: Technological progress has recently led to the emergence of various technological resources
and means that are improving specific aspects of society. An example of this can be found in the
“internet of things” and “edge computing”. The present study aims at knowing and analyzing
the scientific literature of the set of terms formed by “edge computing” and “internet of things”,
called from now on ECIT. In order to carry out the research, a study has been developed, based on
bibliometrics, by means of scientific mapping. In this case, different production indicators have been
taken into account, as well as the structural and dynamic development of the terms and authors
extracted from the publications through the programs Analyze Results, Creation Citation Report
and SciMAT. The results indicate that the study theme “edge computing” and “internet of things”
is of recent creation, given that its beginnings date back to 2014. Since then the level of production
has been dizzying, increasing considerably in the past two years. It can be concluded that the field
of study of ECIT is of recent creation, with a solid research base based on the “internet of things”.
Furthermore, the themes “big data”, “energy” and “framework” can be considered as the future lines
of research on ECIT.
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1. Introduction

In recent years we have seen a progressive development of information technology, as well as an
enormous number of intelligent devices and objects that are monopolizing our daily lives [1]. With the
recent developments in sensor, communication and microcontroller technologies, we are witnessing a
convergence of the physical world and the cyber world [2,3].

This phenomenon has culminated in the integral concept of the internet of things (IoT), which is
present in many of the devices we find in our environment: intelligent cars, portable computers,
sensors, industrial components, etc. [4—6], and which aims to build an intelligent world that allows us to
perceive, analyze, control and optimize traditional physical systems using cybernetic technologies [7].
The International Telecommunication Union (ITU) defines IoT as “a global infrastructure for the
information society, enabling advanced services through the interconnection (physical and virtual) of
things based on existing and evolving interoperable information and communication technologies” [8].
In this sense, [9] coined the term “internet of things” to describe the network that connects objects in
the physical world to the internet [10-12].

However, among the limitations of the IoT is the low storage and processing capacity that
limits the performance of the service [13]. Given this situation, the emergence of edge computing
has been presented as a possible solution to provide better device performance in terms of latency,
low operational cost, high stability and better quality of service [14].
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Edge computing is proposed in order to move computing capacity from centralized cloud servers
to edge nodes near the user end. The inclusion of this phenomenon entails some improvements with
respect to existing devices [15]:

e  Firstly, the edge nodes can pre-process large amounts of data before transferring it to the central
servers in the cloud, and
e  Cloud resources are optimized by enabling compute-capable edge nodes.

Compared to cloud computing, it provides shorter response times and greater reliability [16].
Furthermore, to save bandwidth and reduce latency, more data is processed at the edge instead of
uploading it to the cloud [17].

Therefore, edge computing allows data produced by IoT devices to be processed closer to where
they were created, rather than sending them over long distances to reach data centers and computing
clouds [18]. As a consequence, this results in the devices being able to analyze the relevant data with
minimal latency, which is a necessity in many companies and institutions of different nature [19,20].
Such is the impact of edge computing on society that the McKinsey Global Institute estimates that the
total economic impact of IoT and edge computing devices will reach 11 billion dollars in 2025 [21].

Edge computing follows a decentralized architecture with data processing at the edge of the border
network nodes to make autonomous decisions. Therefore, applications running on edge computing
will perform actions locally before connecting to the cloud, thus reducing network overload problems,
as well as possible drawbacks in terms of security and privacy. Likewise, this network can be easily
integrated with other wireless networks such as ad hoc mobile networks (MANETSs), vehicle networks
(VANETs), intelligent transport systems (ITSs) or IoT to mitigate network and computer-related
problems [22,23]. The link with edge computing provides network applications with an improvement
in their decision-making speed [14].

In this sense, the scientific literature shows several studies in which the effectiveness of the
application of edge computing in different IoT devices is determined, ranging from vehicle traffic
control and congestion [16,24] to intelligent vehicles [25-27], and in tele-medical devices, in which
their effectiveness in detecting possible disorders or illnesses in people, especially the elderly,
is observed [28-31], among other applications.

Therefore, it is a modern line of research, which attracts the interest of numerous experts from
different branches of knowledge. Based on these precedents, the present study presents knowledge
and analysis of the scientific literature of the set of terms formed by “edge computing” and “internet of
things”, called from now on ECIT. To carry out the research, a study has been developed, based on
bibliometrics, by means of scientific mapping. In this case, different production indicators have been
taken into account, as well as the structural and dynamic development of the terms and authors
extracted from the publications.

The research procedure developed followed the structure and steps carried out in other
bibliometric-based research, and was carried out in the Web of Science (WoS) database, as it is
a model that has already been validated [32-35].

With all this, the purpose of this research is to know the state of the art of the term ECIT in the
WoS database. The following specific objectives are based on this general objective:

e  To know the performance of the scientific production of ECIT.
e  Determine the scientific evolution of ECIT.

e To identify the most influential themes in ECIT publications.
e  Find out about ECIT’s top authors.
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2. Materials and Methods

2.1. Research Design

The research design has been based on scientometrics, specifically bibliometric studies. In this
study, processes of search, registration, analysis and prediction of scientific terms have been carried
out [36]. To do so, the guidelines set by experts in this type of study have been followed [37].

More specifically, the research was carried out based on an analysis of co-words [38], taking into
account various bibliometric indicators (h, g, hg, q2 index) [39,40]. Thanks to this, it has been possible
to generate thematic maps on the yield and location of the conceptual subdomains [41] related to ECIT.
In addition, it has been possible to establish the thematic development of the term ECIT in the scientific
literature [42].

2.2. Procedure and Data Analysis

This study has followed several phases. First, the database was determined. In this case, WoS was
chosen because it is a database where relevant literature is stored, and it is also the database from
which Journal Citation Reports (JCR) feeds in order to establish the most relevant metrics in the field of
research. Next, the search of all the scientific literature on ECIT metadata was carried out, using the
following search equation: “edge computing” [TITLE] AND “internet of things” [TITTLE]. This search
initially generated a total of 1331 documents of various kinds. After performing and applying a
PRISMA protocol (Figure 1), a total of 1171 remained. These documents are the ones with which the
present study was finally carried out. As criteria for inclusion, all the existing scientific production in
WoS has been taken into account, except for the scientific production of the year 2020. As an exclusion
criterion, in addition to the year 2020, we added the literature that appears in the WoS.

Records identified through Web of
Science database searching
(n=1331)

l

Records identified after the application
of inclusion criteria

Inclusion criteria (n = 1173)

SCI-Expanded, 55CI, A&HCI, CPCI-S,
CPCI-55H, BKCI-S, BKCI-SSH and ESCI

(n=1173)
l Exclusion criteria (n = 138)
Year 2020
Duplicates removed
{n=1171)
l Records excluded
(n=2)
Studies included in
qualitative synthesis
(n=1171)

Figure 1. Flow chart according to the PRISMA protocol.

The analysis of the term ECIT has been carried out through various programs. On the one hand,
for the descriptive analysis, the programs Analyze Results and Creation Citation Report have been
used. These tools are already incorporated into WoS. This has served to identify the following variables,
with the corresponding indicators of inclusion: (a) year of publication (2014-2019); (b) language (all
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production); (c) area of knowledge (x > 100); (d) type of document (x > 30); (e) authors (x > 10);
(f) journals (x > 25); (g) institution (x > 20); (h) country (x > 70); (i) 4 most cited documents (x > 420).

For the analysis of academic performance, and of authors, the SciIMAT software has been used,
identifying, in a longitudinal way, the structural and dynamic development of the scientific production.
With SciMAT, a co-word analysis has been carried out at a thematic level, and of authors, bearing in
mind the following phases [43,44]:

Recognition: In this phase the key words of the reported documents are analyzed (n = 1366).
A map of co-occurrence nodes is generated. A standardized network of co-words is elaborated.
The most significant keywords (n = 1332) are detected, after a debugging procedure, in which the
keywords appearing in singular and plural are grouped together. In this study no modifications of the
key words have been established, in order to avoid the bias of the researchers themselves. The most
determining topics and concepts are represented by a clustering algorithm.

Reproduction: A strategic diagram and a thematic network are drawn up according to the
principles of centrality and density. The resulting diagram distributes the most relevant themes
as follows: 1-Upper right for motor and relevant themes; 2-Upper left for rooted and isolated
themes; 3-Lower left for disappearing or projected themes; 4-Lower right for underdeveloped and
cross-cutting themes.

Determination: The evolution of the themes in the different established periods of time is identified.
In this research three periods have been configured (P1 = 2014-2017; P2 = 2018; P3 = 2019). For the
authorship all the literary production in WoS has been taken into account, conforming to a single
period (PX = 2014-2019). The strength of association is calculated through the volume of keywords or
themes in common between the different periods.

Performance: In this phase, in which the different results are obtained, various production
indicators have been taken into account (Table 1).

Table 1. Output indicators and inclusion criteria for the performance phase.

Configuration Values
Analysis unit Keywords authors, keywords WoS
Frequency threshold Keywords: Py = (2), P, = (2), P5 = (2)

Authors: Px = (3)
Network type Co-occurrence
Keywords: Py = (2), P, = (2), P3 = (2)

Co-occurrence union value threshold Authors: Py = (3)

Normalization measure Equivalence index
Clustering algorithm Maximum size: 9; Minimum size: 3
Evolutionary measure Jaccard index
Overlapping measure Inclusion Rate

3. Results

3.1. Scientific Performance and Production

The scientific evolution of the 1171 documents on the ECIT theme shows a dizzying evolution in
recent years. It is of recent creation, given that its beginnings in WoS date back to 2014. From that
date until 2016, production maintains a moderate rise, but from 2017 to 2019, production shoots up.
This shows a great impact on the scientific community of ECIT studies (Figure 2).

The language used by the scientific community to present scientific findings is English (n = 1170).
Only one production is known to be in Turkish (n = 1).

The area of knowledge where the studies on ECIT are collected is divided mainly between
electrical electronic engineering and telecommunications, which marks its clear scientific profile in the
field of electronics and communication (Table 2).
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Figure 2. Evolution of scientific production.

Table 2. Areas of knowledge.

Area of Knowledge ECIT
Engineering electrical electronic 657
Telecommunications 514
Computer science information systems 438
Computer science theory methods 333
Computer science hardware architecture 160

The type of document most used by the authors to present the results achieved in their research is
articles, although it is closely followed by proceedings papers. This is due to the fact that this is a topic
that has recently appeared in the scientific community, given that the first findings are usually shown
in conference communications (Table 3).

Table 3. Type of document.

Document Type ECIT
Article 617
Proceedings paper 518
Review 33

The author with the most scientific production on ECIT is Zhang, Y., although he is closely
followed by Chen, Y. In this section no pressing production differences are shown, since there are many
authors with even production levels (Table 4).

Table 4. Authors.

Authors ECIT
Zhang Y. 13
Chen Y. 11
Dustdar S. 10
Guerrieri A. 10
Guizani, M. 10
Lui, J.J. 10

Wang X. 10
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The journal with the most production on the subject is IEEE Access, followed closely by IEEE
Internet of Things Journal. In this case, the IEEE consortium is a reference in this field of study (Table 5).

Table 5. Journals.

Journal ECIT
IEEE Access 101
IEEE Internet of Things Journal 97
Sensors 47
Future Generation Computer System the International Journal of Science 38

The institution with the most production on the subject is Beijing University of Posts and
Telecommunications, followed by the Chinese Academy of Sciences (Table 6).

Table 6. Institutions.

Institutions ECIT
Beijing University of Posts and Telecommunications 50
Chinese Academy of Sciences 32
Xidian University 26
University of Electronic Science Technology of China 23
University of Messina 21
University system of Georgia 21

The country with the largest amount of production is China, followed by the USA. The rest of the
countries show production levels that are distant from these two countries (Table 7).

Table 7. Country.

Country ECIT
China 352
USA 267
Italy 97
Canada 81
South Korea 78
India 73
England 72

The most cited publication is that of Shi et al. (2016), with a high level of citations, totaling 929.
This shows the high interest in this subject on the part of the scientific community, so a high production
is expected in the next years (Table 8).

Table 8. Edge computing and internet of things (ECIT): most cited references.

References Citations
Shi, W.; Cao, J.; Zhang, Q.; Li, YH.Z.; Xu, L.Y. Edge Computing: Vision and Challenges. 929
IEEE Internet of Things Journal 2016, 3, 637—-646.
Chiang, M.; Zhang, T. Fog and IoT: An Overview of Research Opportunities. IEEE Internet 616

of Things Journal 2016, 3, 854-864.
Mao, Y.Y,; You, C.S.; Zhang, J.; Huang, K.B.; Letaief, K.B. A Survey on Mobile Edge
Computing: The Communication Perspective. IEEE Communications Surveys and Tutorials 532
2017, 19, 2322-2358
Lin, J; Yu, W,; Zhang, N.; Yang, X.Y.; Zhang, H.L.; Zhao, W. A Survey on Internet of Things:
Architecture, Enabling Technologies, Security and Privacy, and Applications. IEEE Internet 424
of Things Journal 2017, 4, 1125-1142.
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3.2. Structural and Thematic Development

The evolution of keywords, which is represented in Figure 3, shows information about the
keywords that enter and leave in the previously established periods. In addition, it shows the level of
coincidence of keywords between periods. In this case, it is shown that between the first and second
period, the level of keyword matching is 36%, while between the second and third period it is 31%.
Although the percentages of coincidence are high, there is a downward trend. This is because the ECIT
study is establishing new lines of research.

209 (0.36) 368 (0.31)

Figure 3. Continuity of keywords between contiguous intervals.

The academic performance of each of the established periods indicates the most relevant topics,
taking into account various bibliometric indicators. Bearing in mind what is indicated in Table 9,
in the first period (2014-2017), the subject matter with the best bibliometric indicators is “things”.
In the second period (2018) and in the third period (2019), the theme with the highest bibliometric
value is “internet of things”. This shows that the current relevance of ECIT is in its own name.
It can be interpreted that as it is a recently created term, research still focuses on its delimitation
and denomination.

Table 9. Thematic performance in ECIT.

Period 2014-2017

Denomination Works Index h Indexg Indexhg Indexq®  Citations
Things 72 23 45 32.17 31.81 2110
Management 18 12 17 14.28 24 1144
Edge-computing 19 6 14 9.17 15.49 209
SDN 8 5 6 5.48 15.49 216
System 6 5 6 5.48 15.81 581
Complex-event-processing 2 1 1 1 1.73 3
Wireless-Energy-Transfer 2 0 0 0 0 0
Scheme 3 3 3 3 18.81 584
Computation-offloading 3 2 3 2.45 7.62 33
Period 2018
Denomination Works Index h Indexg Indexhg Index q? Citations
Resource-allocation 12 6 8 6.93 21.63 389
Internet-of-things 213 25 45 33.54 37.75 2442
Challenges 16 10 16 12.65 17.32 449
Architecture 12 6 11 8.12 124.25 538
System 16 10 16 12.65 13.04 495
5G 7 3 6 4.24 49 49
Automation-and-control 2 1 1 1 2 4
Wavelet 3 1 1 1 3.46 12
SDN 4 3 3 3 6.24 105
Big-data 9 4 7 5.29 9.17 95
Data-box 2 1 1 1 1 1
Authentication 4 4 4 4 12.17 169
Named-data-networking 3 2 3 2.45 3.16 10
Virtualization 5 4 5 4.47 6.93 49
Renewable-energy 3 2 2 2 5.83 25
Mobile 3 2 3 2.45 11.49 78
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Table 9. Cont.

Period 2019
Denomination Works Index h Indexg Indexhg Index q? Citations
Internet-of-things 347 16 23 19.18 20 1193
Communication 21 7 9 7.94 9.17 104
Computation-offloading 34 7 11 8.77 7.48 156
Technologies 10 5 6 5.48 6.71 45
5G 15 3 7 4.58 6.48 56
Edge 19 7 11 8.77 9.54 127
Big-data 9 4 5 4.47 8.25 64
Mobile-edge-computing 12 6 9 7.35 7.35 85
Blockchain 25 8 11 9.38 10.2 149
Framework 10 3 4 3.46 3 26
Task-analysis 6 1 3 1.73 4.47 22
Energy 6 3 3 3 3 14
Extreme-learning-machine 2 1 1 1 2.24 5
Smart-environments 3 2 2 2 3.16 7
Genetic-algorithm 3 2 3 2.45 3.46 11

The interval diagrams presented show information about the importance of each of the themes.
This is achieved through a clustering mechanism. The Callon indicator is taken into account for
this purpose. This indicator analyzes the level of connection of a thematic network with respect to
other networks, from two angles: centrality, which measures the strength of external links with other
topics, being the measure of the importance of a topic in the development of a certain field of research;
and density, which analyzes the internal strength of the network, identifying the internal links between
all the key words that are grouped around a specific topic, thus offering the degree of development of
the field of study analyzed (Figure 4).

In the first period (2014-2017), the driving themes are “things”, which relates to “cloud-computing”,

v vou ”ou 7 v

“fog-computing”, “security”, “internet-of-things”, “sensors”, “service”, “smart-city” and “internet”;
and “sdn”, which relates to “mec”, “openflow”, “challenges”, “nfv” and “5G”. In this first period, it is
shown how the trend in research is oriented towards the possibilities offered by the internet for storing
information, security and access to mobile networks.

In the second period (2018), the driving theme is “internet-of-things”, which is related to
“fog-computing”, “security”, “things”, “cloud”, “edge-computing”, “internet”, “blockchain” and
“cloud-computing”. In this case, it follows the trend of the first period, continuing to focus research on
the use of the internet for information storage and security.

In the third period (2019), the driving themes are “internet-of-things”, which is related
to “fog-computing”, “security”, “things”, “cloud”, “edge-computing”, “resource-allocation”,
“internet” and “cloud-computing”; “communication”, which relates to “wireless-energy-transfer”,
“maximization”, “trajectory-design”, “networks”, “system”, “power-allocation”, “computation”

and “transmission”; “technologies”, which relates to “IIOT”, “smart-factory”, “simulation”.

7

Za7i

“cyber-physical-system”, “protocol”, “vanet, “fog” and “industry 4.0”; and “computation-offloading”,

”ou ”oou 7

which relates to “game-theory”, “execution”, “stochastic-optimization”, “mobile-edge-computing”,
“application-partitioning”, “optimization”, “management” and “radio”. In other words, it follows
the same trend as in previous periods, although the scientific community is beginning to open up
the field of research to other topics directly related to connection networks and transmission media.
Furthermore, in this period, the “big-data”, “energy” and “framework” themes must be taken into
account. These themes are considered as unknowns, due to their location in the diagram. This indicates

to us that they can be the driving themes on the ECIT theme in the coming years.
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Figure 4. Strategic diagram by ECIT h-index: (a) interval 2014-2017; (b) interval 2018; (c) interval 2019.

3.3. Thematic Evolution of Terms

The thematic development shows the strength of association established between the different
themes of the established time periods. To this end, the Jaccard index is taken into account.
The development is generated if in a certain time period key words, or themes, are shared with
the contiguous time periods. The more key words or themes are related, the stronger and more solid
the evolution is. The two types of connections that can occur are: thematic, which is represented by a
continuous line; and keyword, which is represented by a discontinuous line.

If we take into account the data reached in Figure 5, we can see that there is a conceptual gap.
That is to say, there is not a theme that is repeated in the three periods. This does not mean that there is
not a solid line of research. On the contrary, in this case, the ECIT field of study shows a solid line of
research, based on time, such as “things_internet-of-things”. In this case, the line is more solid between
the second and third period than between the first and second period. In addition, between the periods
there are more continuous than discontinuous lines. This indicates to us that there is an established
research base, whose lines of investigation are connected.
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Figure 5. Thematic evolution by h-index.

3.4. Authors with the Highest Relevance Index

Taking into account the data collected in Figure 6, it can be seen that the driving authors on the
ECIT theme are Cicirelli, F, Nakamura, Y., Xiong, Z.H., and Kong, Y. In addition, the authors Liu, ].]J.,
Alogaily, M., and Cho, S., can be considered the most relevant authors in this field of study.
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Figure 6. Strategic author diagram of the entire production.

4. Discussion

The emergence of edge computing has meant a revolution in the technological landscape.
Its inclusion in the various IoT devices has led to an optimization of the performance of these tools in
terms of data processing, storage, cost and, above all, latency terms [1,2].

The impact of this phenomenon has also been felt by the scientific community, which, as this
study shows, has been commissioned to propose various research projects on this type of technology
and on the multiple effects of its application in different types of intelligent devices [3,5].

Based on the results achieved in this research, it can be indicated that the ECIT study theme is of
recent creation, given that its beginnings date back to 2014. Since then, the level of production has
been dizzying, increasing considerably in the past two years.

In addition, with the data collected, it is possible to make an X-ray of ECIT production, being able
to indicate that the documents used to present the scientific results are research articles, written in
English, with the main knowledge area being electrical electronic engineering. The magazine where
most research is published about ECIT is IEEE Access, the institution is Beijing University of Posts
and Telecommunications and the country China, the most prolific in production level. The most cited
reference is that of Shi et al. (2016), with the author Zhang, Y. being the most productive, and the
authors Cicirelli, F., Nakamura, Y., Xiong, Z.H., and Kong, Y. the most relevant in the subject of study.

With regard to the evolution of the subject, it is observed that it has a solid research base, although
in recent times new trends have been observed in the field of research on ECIT. An example of these is
the bibliometric values of each of the periods analyzed. In the first period, between 2014 and 2017,
the theme with the highest value is “thing”, while in the years 2018 and 2019, it is “internet-of-things”.
If we look more closely at the level of relevance of each of the themes, we can see that in the first and
second periods, the trend in research is towards the possibilities offered by the internet for storing
information, security and access to mobile networks. On the other hand, in the third period, although
it maintains the line of investigation of the two previous periods, new trends are observed, such as
connection networks and means of transmission. It should be noted that the themes with the greatest
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bibliometric value are usually the driving forces of each of the periods. This fact is not very commonly
acknowledged if research with similar characteristics is observed. This corroborates that there is a
solid research base.

The “big-data”, “energy” and “framework” themes should also be borne in mind, since they
may be the new trends in the field of ECIT research. In addition, it can be indicated that the thematic
evolution is based on “internet-of-things”, since it is the one that marks the base of evolution of this
field of study. This shows that it is a young field of research, which today is settling the scientific
limitations of study.

5. Conclusions

It can be concluded that the field of study of ECIT is of recent creation, with a solid research base
based on “internet-of-things”. Furthermore, the “big-data”, “energy” and “framework” themes can be
considered as the future lines of research on ECIT.

The purpose of this research is to offer researchers the new trends in the near future on the most
relevant and interesting topics for the scientific community, as well as to show the aspects on which
research has been based in recent times, so that they can have a basis on which to start, develop
or guide their studies. It also provides experts in this field with an insight into the current state of
research on edge computing and IoT. Finally, the evolutionary analysis has detected those changes and
modifications that research on this topic has undergone over the years.

This study presents several research limitations. Firstly, there is the purification of the data
presented in WoS, where repeated documents are presented or which are not related to the subject of
the study, which requires an effort and great concentration on the part of the researchers to analyze
the high number of documents found. Secondly, the establishment of the intervals, which in this
case is a question of equity, given that the researchers have sought at all times to maintain a similar
number of documents in each of the intervals. Thirdly and finally, the parameters marked in this
study have been established according to the researchers” own criteria; they have sought to present
results in accordance with their size and relevance. For this reason, the data presented here should be
analyzed with caution, given that the change in the parameters established in this research may cause
the number and connections in the subjects presented to vary. As future lines of research, we plan to
carry out research on ECIT associated with big data.
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