Journal of Engineering Science and Technology
Vol. 18, No. 2 (2023) 1153 - 1163
© School of Engineering, Taylor’s University

COMPUTATIONAL BIBLIOMETRIC
ANALYSIS OF EVOLUTIONARY GAME THEORY (EGT)
RESEARCH USING VOSVIEWER

RIZKY JUMANSYAH* EDDY SOERYANTO SOEGOTO?,
CHEPI NUR ALBAR®

1Departemen Sistem Informasi, Universitas Komputer Indonesia, Indonesia
2Departemen Manajemen, Universitas Komputer Indonesia, Indonesia
3Departemen Sastra Ingris, Universitas Komputer Indonesia, Indonesia
*Corresponding Author: rizky.jumansyah@unikom.ac.id

Abstract

Evolutionary Game Theory (EGT) applies mathematical theory to the
biological context, providing an analytic framework, contest, and strategy. The
assumption underlying EGT is that human behavior, whether in games or
decision-making problems, often does not arise from rational reasoning. This
study aimed to perform a bibliometric analysis of EGT using VOSviewer
software to map the research landscape. The approach used was bibliometric
and descriptive quantitative, with data obtained from a Google Scholar search
for articles with the keyword "Evolutionary game theory" using the publish or
perish application. The search yielded 990 articles published between 2017 -
2021. The results showed that research on EGT peaked in 2017-2019 but
declined in 2020 and 2021. In conclusion, this study highlights the importance
of bibliometric analysis, particularly in the field of EGT, and provides a
reference for future research on this topic.

Keywords: Bibliometric, Data analysis, Evolutionary game theory, Game, Publish
or perish, VOSviewer.
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1. Introduction

Game theory is the study of how a person behaves when faced with strategic situations.
Game theory was developed to analyse the decision-making process of situations that
lead to competition between two or more players. Where the game model is determined
by the number of players, strategies, and the profits and losses of each player [1].
Evolutionary Game Theory (EGT) is a game theory that was first developed by R. A.
Fisher in which he tried to explain the approximate equality of sex ratios in mammals
[2]. At first, this theory was able to provide a breakthrough in solving the problem of
choosing a balance theory in traditional games. This is due to the concept of a
fundamental solution from traditional game theory, namely Nash equilibrium. The
equilibrium is a situation that is desired to always exist in a game because this situation
all players interacting with each other, each can choose the best strategy for themselves
considering the strategies chosen by the opponent [3]. However, the nash equilibrium
does not always seem to match the desired result and sometimes even goes against
people’s intuition about what should happen. On the other hand, EGT game theory
shows the advantages of its evolutionary stable strategy, where at most there are only
several evolutionarily stable strategies, and only a few intuitive definitions of
evolutionary stability that are equivalent to the original definition [4].

The emergence of evolutionary game theory can also be an opportunity for
researchers to improve their research on certain topics, especially topics related to
games. Therefore, to know the magnitude of the prospect of a study on certain
themes, a bibliometric study should be carried out [5]. Using bibliometrics,
researchers can categorize certain topics in the form of lists to produce a
representative summary based on the selected topic [6]. In conducting bibliometric
analysis, appropriate tools are also needed, in this study the VOSviewer software
was used. The software can visualize bibliometric maps to facilitate the analysis
process. VOSviewer can evaluate several kinds of bibliometric network data,
including publications, journal citations, collaborative relationships between
researchers, and associations between scientific terminology [5].

Several researchers have previously studied evolutionary game theory.
Evaluated vehicle internet reputation management schemes based on EGT [7], new
method for energy-efficient subcarrier allocation using EGT [8]. Investigated
mathematical epidemiology and EGT, which proved to be effective [9]. Analysis
of engineering research using VOSviewer and its correlation with the COVID-19
pandemic [10]. Analysed the decision-making mechanisms of governments and
developers regarding green building incentives using EGT [11]. However, there is
still a lack of research on bibliometric analysis of EGT, particularly using
VOSviewer software for mapping analysis.

The objective of this study is to perform a bibliometric analysis in Evolutionary
game theory using VOSviewer software for mapping. This analysis is crucial to
ascertain the amount and novelty of the data. The research will employ a descriptive
quantitative approach, and it is expected to serve as a reference for scholars in
selecting research topics related to EGT.

2. Research method

This research uses descriptive and bibliometric quantitative approaches. In this
study, the process of collecting information comes from published journals and has
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been indexed by Google Scholar. Researchers chose Google Scholar as a data
source because Google Scholar is one of the sources of journals that can be accessed
easily and free of charge, but even so, the information produced can be guaranteed.
In this study, we conducted a literature study on our research topic using Publish
or Perish 8 software. The data obtained will then be inputted into the VOSviewer
application to create a bibliometric map to facilitate the analysis process, in this
study we used VOSviewer 1.6.17.

Once the relevant data was obtained, a filtering process was conducted to extract
only the data related to evolutionary game theory. The data was obtained from
Google Scholar by using the "Evolutionary game theory" keyword in the Publish
or Perish software, resulting in 990 articles published between 2017 and 2021. The
publications were saved in *.ris format and then analysed using VOSviewer to
create bibliometric maps and identify trends. The mapping data was classified into
three categories: network, overlay, and density visualization. After generating the
visualization, irrelevant terms were filtered out to obtain a more accurate
representation of the data.

3. Results and Discussion
3.1.Research developments in the field of evolutionary game theory

Figure 1 depicts the development of EGT research from 2017 to 2021. Based on
Fig. 1, the development of EGT research during the previous five years, especially
from 2017 to 2021, decreased and increased, in 2018, the existing research declined
and continued to be at the same level until 2019. Then it dropped again drastically
in 2020. In 2021 the number of articles increased by 3 articles, although it
increased, this number is still very small compared to the figure in 2017. Upon
obtaining data using Publish or Perish, we were able to retrieve 990 articles that
were relevant to our research topic. Subsequently, we further sifted through this
data and identified the 20 articles that had received the highest number of citations
across 20 different journals (refer to Table 1).
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Fig. 1. Levels of development of research on EGT.
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Table 1. Article data in the field of EGT.

Authors

Title

Year

Cites

Refs

~

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Fang et al.
HP Young

Boland

Zhang et al.

Lanctot et al.

Paudel et al.

Hiller
Wang et al.

X Lietal.

CT Do etal.

B Gao et al.

Gelfand et al.

Balliet et al.

Tanimoto

H Ito et al.

Battiston et
al.
Wolfl et al.

Doebeli et al.

Tripodi et al.

West et al.

Introduction to game theory
Individual strategy and social
structure

The foundations of economic
method: a Popperian perspective
Integrating evolutionary
dynamics into treatment of
metastatic castrate-resistant
prostate cancer

A unified game-theoretic
approach to multiagent
reinforcement learning
Peer-to-peer energy trading in a
prosumer-based community
microgrid: A game-theoretic
model

On the stability of couples
Onymity promotes cooperation
in social dilemma experiments
Punishment diminishes the
benefits of network reciprocity
in social dilemma experiments
Game theory for cyber security
and privacy

On the properties of the softmax
function with application in
game theory and reinforcement
learning

The relationship between
cultural tightness—looseness and
COVID-19 cases and deaths: a
global analysis

Functional interdependence
theory: An evolutionary account
of social situations
Evolutionary games with
sociophysics

Scaling the phase-planes of
social dilemma strengths shows
game-class changes in the five
rules governing the evolution of
cooperation

Determinants of public
cooperation in multiplex networks
Optimizing cancer treatment
using game theory: A review
Point of view: Towards a
mechanistic foundation of
evolutionary theory

A game-theoretic approach to
word sense disambiguation
Towards multidrug adaptive
therapy

2021
2020

2020

2017

2017

2018

2018
2017

2018

2017

2017

2021

2017

2019

2018

2017

2019

2017

2017

2020

3425
2862

715

524

404

314

246
210

199

192

157

156

152

143

115

94

92

81

78

78

[12]
[13]

[14]

[15]

[16]

[17]

[18]
[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]
[29]

[30]

[31]
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3.2. Visualization evolutionary game theory topic area using VOSviewer

The minimum number of relations in the VOSviewer application is usually set to 2
terms [32-34]. However, for this study, we have set the minimum number of
relations to 3 between terms in VOSviewer. As a result, 41 items were obtained,
which were categorized into 5 clusters based on visualization mapping analysis.
These clusters represent research areas related to evolutionary game theory.

(i) Cluster 1 has 13 items, the 13 items are cooperation, dilemma game, dynamic,
emergence, evolution, evolutionary biology, evolutionary dynamic,
evolutionary game dynamic, framework, population, prisoner’s dilemma,
public goods game, and situation (See Fig. 2).

(ii) Cluster 2 has 13 items, the 13 items are enterprise, evolutionary game analysis,
evolutionary game method, evolutionary game model, evolutionary stability,
government, order, rationality, research, simulation, system dynamic,
traditional game theory, and tripartite evolutionary game model (See Fig. 3).

(iii)  Cluster 3 has 9 items, the 9 items are algorithm, classical game theory, egt,
ess, evolutionary process, evolutionary stable strategy, replicator dynamic,
researcher, and survey (See Fig. 4).

(iv)  Cluster 4 has 5 items, the 5 items are basis, effect, evolutionary game
approach, evolutionary game theoretic model, and supply chain (See Fig. 5).

(v) Cluster 5 has 1 item the 1 item are Influence (See Fig. 6).

The first cluster is shown in red, the second cluster in green, the third cluster in
dark blue, the fourth cluster in yellow, and the fifth cluster in purple.
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Fig. 2. Cluster 1 network visualization of EGT.

sugey

reseagcher

algggihm-, evolutionary@abi@istrategy

N ‘elalutignary@me method
— 2 ¥
replicatagdynamic

evolutionanyiggme dynamic i e N redBllich
= e\
5 : : ” — N\ -
Mot ic 3 2
“_EVOUO”.ﬁb-m“ﬂm &velution e modelg,
= y N\ entggprise
frar@@iyork effect 77 evoluti game analysis
S 4 e analys

4 ¥ ‘0" stpplychain ° goveiinent
coo.tlon S \ system@ynamic

traditional game theory

emef@ence

inflgence

Fig. 3. Cluster 2 network visualization of EGT.
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Fig. 4. Cluster 3 network visualization of EGT.
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Fig. 5. Cluster 4 network visualization of EGT.
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Fig. 6. Cluster 5 network visualization of EGT.

3.3. Network visualization evolutionary game theory topic area
using VOSviewer

Using the VOSviewer application we can display the mapping in three types, the
first type is Network Visualization. This type of mapping can describe the
relationship between terms on the map in the form of networks or lines that move

from one term to another (see Fig. 7).
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Fig. 7. Network visualization of evolutionary game theory.

Figure 7 displays a Network Visualization of Evolutionary game theory
obtained from the VOSviewer application. The figure shows the visualization of
each cluster in the researched topics. Cluster 3 has the term EGT with a total
strength of 31 and an occurrence of 26. EGT is connected to cluster 1, which
includes terms such as emergence, framework, cooperation, evolutionary game
dynamics, situation, evolutionary dynamic, dilemma game, and public goods
games. Cluster 2 includes the terms evolutionary game model and evolutionary
stability. Cluster 3 consists of algorithm and classical game theory. Cluster 4
includes the terms effect and evolutionary game approach. Finally, Cluster 5 has
the term influence.

3.4.Network visualization evolutionary game theory topic area
using VOSviewer

This study will also present a visualization of the mapping in the form of an overlay,
which emphasizes the novelty of terms in research. The novelty of terms related to
EGT in research can be observed in Fig. 8.
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Fig. 8. Overlay visualization of evolutionary game theory.

In the picture above you can see how popular a term is from year to year. In this
Visualization, a term will be displayed with a different colour where it aims to
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indicate the renewal rate of a term in a certain period. We use the period 2017 to
2021. A darker colour or close to purplish means the research was conducted closer
to 2017. Meanwhile, a term that has a lighter colour closer to yellow means that the
term appears in the latest research, which is closer to 2019-2021.

Figure 8 shows that research related to the term evolutionary game theory is
quite rare. Based on the figure, evolutionary game theory is associated with 15 other
terms. Terms related to the word evolutionary game theory include emergence,
framework, cooperation, evolutionary game dynamics, situation, evolutionary
dynamics, dilemma game, evolutionary game model, evolutionary stability,
algorithm, classical game theory, effect, evolutionary game approach, influence,
and public goods game.

3.5. Density visualization evolutionary game theory topic area using
VOSviewer

In VOSviewer, the density mapping representation divides each term according to
its popularity. The colour of a term on this map indicates its popularity, with lighter
colours indicating higher popularity and darker colours indicating lower popularity
[32]. As shown in Fig. 9, several terms such as framework, cooperation,
evolutionary dynamic, evolutionary game dynamic, algorithm, evolution, research,
evolutionary game model, and evolutionary game model are displayed as yellow
with large diameters and very bright colours, indicating their high popularity and
frequent use in existing studies.

evolutionary game

Fig. 9. Density visualization of evolutionary game theory.

Based on the picture above, it can be seen the results of the analysis using all
articles on evolutionary game theory for 2017-2021. EGT does not fade or almost
blends with the background but is not visible at all on density visualization, this
indicates that research with this term is very rarely done.

4.Conclusion

The aim of this study was to conduct a bibliometric analysis of literature on
evolutionary game theory, using the keyword "Evolutionary game theory" to search
for relevant data based on keywords, abstracts, and titles. After filtering the data, 990
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relevant articles were obtained, and VVOSviewer software was used to generate
mapping data in the form of network visualization, overlay, and density. Through this
analysis, it was found that evolutionary game theory was the most researched term
between 2017 and 2019. The study used bibliometric analysis to identify the main
themes in previous research, providing a reference for future research on this topic.
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