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EXPLORING TRENDS IN GAME-BASED PHYSICS EDUCATION: A BIBLIOMETRIC
STUDY FROM 1973 TO 2023

Abstract. Games are widely used to increase students' interest and participation in physics
lessons. We need an in-depth analysis of the consistency of this study. This study aims to analyze
research trends in the use of games in physics education using a bibliometric approach. Data were
retrieved from the Scopus database using the keywords "play"” and “physical education™. Among the
125 articles obtained based on the search criteria, a trend analysis of the study was conducted using
RStudio and VosViewer software. The analysis shows that publications on this topic have increased
significantly since the early 2000s, from 1973 to 2023. Researchers from the USA and Europe
dominated the publication. Nevertheless, the countries of Asia and Australia also started to
contribute significantly. Intercontinental cooperation is important to provide a broader perspective.
The main magazine that publishes articles on this topic is "Computer and Education”. The most
cited articles focus mainly on the effects of games on students' learning of physics. They identified
five main keyword clusters that represent different ways of using games in physics education.
Overall, this study provides an in-depth understanding of research trends and key findings related to
the use of games in physics education. Further research is recommended on game design,
technology integration, and implementation strategies to maximize the benefits of play to improve
the quality of instruction and student physical education achievement.

Keywords: bibliometric, game, physics education, Scopus, biblioshiny, VosViewer, Rstudio.
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OiibinFa Herizgenren gusuka OiniMinaeri TenaeHuMsIapabl 3eprrey: 1973-2023 KplIFbl
0MOIMOMETPHSIIIBIK 3epPTTey

Anparna. Crynenrrepnaiy ¢u3nka cabaFblHa JereH KbI3BIFYIIBUIBIFEI MEH cabakka
KaTBICYbIH apTTHIPy YIIiH OWBIHIAp KEHIHEH KOJITaHbUIAJbl. bisre Oy 3epTreyniH skyienimirie
TEePeH Tajjay KaxkeT. bys 3epTrey OMOIMOMETPHSUIBIK TOCULAI MaijaiaHa OTHIPHIN, (U3UKAHBI
OKBITY/la OMBIHAAP/AbI MalialaHyIbl 3€pTTeY TEHIACHLMUIApbIH TalgayFa OarbplTTanrad. [lepekrep
Scopus mepeKKOpbhIHAH «OUBIH» JKOHE «(PH3UKAIBIK OLTIM» KIIT CO3JEPIH MalJaIaHbIN aJIbIH/IbI.
I3ney xpurtepmiinepi Heridinae anbiHFaH 125 wmakanasneiH imiHzae RStudio sxone VosViewer
OargapiaManblK KypajlJdapblHBIH KOMEriMeH 3epTTey[iH TPEeHITIK Taijaysl Kypri3uvial. Tannay
KOpCETKeH IeH, Oyl TakbIpbINTarsl xKapusiansiMaap 2000-11sl kbu1gapaslH OackiHaH Oactan 1973
xbuian 2023 >kpUTFa JCWIH KapysUTaHFaH >KbUThl aiitapibsikTail ecti. baceuieimaa AKII nen
EyponanbiH 3eprreymuiepi 6acbiM 6omapl. CoraH KapamacTaH, A3usi MEH ABCTpaius enjepi Je
ailfTapablkTaii  ynec Koca Oactanel. KeHIpexk mNepcneKkTMBaHbl KaMTaMachl3 €Ty  YIIIH
KOHTHHEHTAPAJbIK BIHTBIMAKTACTHIK MaHbI3/bl. OChl TaKbIPhIN OOMBIHIIA MaKajalap KapusaalTeiH
Heri3ri xypHai — «Komneiorep xoHe OutiM». EH Ken KenTipuireH Makajianap Heri3iHeH OMBbIHHBIH
CTYIEHTTEpAIH (PM3UKaHbBI YHpeHyiHe ocepine OarpiTTasiFad. Onap GU3HKaHBI OKBITYAA OWBIHIAPIBI
KOJITAaHY/IBIH OPTYPJIl TOCUIACPIH KOPCETETIH OeC HEri3ri KiIT co3 KIacTepiH aHbIKTaAbl. TyTracTtaii
anraHna, Oy 3eprrey (DU3WMKAaHBI OKBITYAAa OWBIHIAPABI KOJJIaHyFa OailIaHBICTHI 3€PTTEYNICPIiH
TEHJCHIMSIIapbl MEH HET13I'1 KOPBITHIHABUIAPBIH TEPEH TYCIHYyre MyMKIHIIK Oepenai. OKbITY canachl
MEH OKYIIBUIAPJBIH JCHE TOpOMeci KETICTIKTEPIH JKaKcapTy YIIIH OWBIHHBIH apTHIKIIBUIBIKTAPBIH
OapbIHIIIA apTTHIPY YIIIH OWBIH JW3alHBI, TEXHOJIOTHSIAPAbI OIpIKTIpY JKOHE ICKE achIpy
CTpaTerusiapblHa KaThICThl KOCBIMIIIA 3€PTTEYJIEp YChHIHBLIAIbI.

KinT ce3aep: OubGnmomerpus, oibiH, GU3MKAIBIK OLTiM, Scopus, KiramxaHa, VosViewer,
Rstudio.
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H3yyeHue TeHaeHUMA B MTPOBOM 00y4eHUH (pusnke: OUOJIMOMeTpHYECKOE HCCIeI0BAHNE €
1973 mo 2023

AHHOTauus. Urpbl MIMPOKO UCHONB3YIOTCA Ui TIOBBILIEHUS HHTEpeca M y4dacTus
yyamuxcs B ypokax ¢usuku. Ham HeoOXxoauM yriiyOJeHHBIM aHaiu3 MOCIEN0BATEIbHOCTH TOTO
uccnenoBanus. Llenpro JaHHOTO HccaeI0BaHus SABISETCS aHaIM3 TeHJICHIIMI B MCIIOJIb30BAaHUU UI'P
B 00pa3oBaHUM IO (PU3MKE C MCIOJIb30BAHMEM OmOIMOMeTpuyeckoro mojaxoja. JlaHHele ObuIH
MOJTy4eHbI U3 0a3bl JaHHBIX SCOPUS C MCIIOJIb30BAaHMEM KIIIOUEBBIX CIOB «HUIpa» U «(U3NYECKOe
Bocriutanue». Cpenu 125 crareif, MOJy4EeHHBIX MO KPUTEPHUSIM IOUCKA, ObUI NMPOBEICH aHAIU3
TEHJICHIIMH MCCIeJOBaHUS C TOMOINBI0 IMporpaMMmHoro obecreuenuss RStudio m VosViewer.
AHanmn3 MoKa3bIBAET, YTO MyOJUKAIIMM Ha ATy TeMY 3HaUMTEIbHO Bo3pociH ¢ Hadana 2000-x roos,
c 1973 mo 2023 roa. B nmy6nukamuun npeobnananu uccnenosarenu u3 CIHA u EBpombl. Tem He
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MeHee, CcTpaHbl A3uM U ABCTpalds TaKKe Hadyajld BHOCUTHb 3HAUUTENBbHBIA  BKJIAJ.
MeXKOHTHHEHTAIbHOE COTPYAHUYECTBO BAXXHO s oOecrieyeHus Oojiee MIUPOKOH MepCrIeKTUBBL
OCHOBHBIM KypHajJoOM, NyOIMKYIOIIMM CTaTbM Ha 3Ty TeMy, saBigerca «Kommbrotrep u
oOpa3zoBanue». Hanbonee nutupyemple CTaThH MOCBSIIEHB B OCHOBHOM BIIMSHUIO UT'P HA H3y4YEeHUE
¢u3ukn yyamumucs. OHM ONpeNeNuiIv TATh OCHOBHBIX TPYII KIIOYEBBIX CIIOB, KOTOpBIC
MPEJCTABISAIOT PA3JIMYHbIE CIIOCOOBI WCIONB30BaHMs Urp B oOydeHuu ¢Qusmke. B memom, 3T0
HCCIIeIOBaHUE O00ecreuynBaeT IIyOOKO€ NOHHMMAaHUE TEHJEHIUN MHCCIeN0BaHUN M KIFOYEBBIX
BBIBO/JIOB, CBSI3aHHBIX C UCIIOJIB30BaHUEM HTp B 00pazoBaHuH 1o (usnke. PekoMeHyeTcs npoBecTu
JaJIbHENIIINE UCCIIEOBAHNS B 00JacTU UIPOBOTO AM3aiiHa, MHTErpalliyd TEXHOJIOTMM U CTpaTeruit
BHEJPEHHUS, YTOObl MAaKCUMHU3UPOBATH MPEUMYIIECTBA UIPhl U YIYYIIUTh KaueCTBO OOY4EHUS U
JOCTHKEHHSI yJalIuxcs B 00J1aCTH (PU3NYECKOTO BOCITUTAHMUS.

KuoueBrblie cioBa: 6ubnmomerpusi, urpa, oopazoBanue 1o ¢usuke, Scopus, OMOIMOTEKA,
VosViewer, Rstudio.

Introduction

Physics has become a challenging subject in contemporary education. Students often find it
difficult to understand physics [1]. One of the reasons is the abundance of mathematical formulae
and concepts that are considered to be false [2]. The study of physics should give room to the
creativity of students [3]. Minimal interest in physics affects the difficulty of students developing
understanding because they don’t take lessons well. So from that, educators should be able to
cultivate students’ interest in physics. Students will understand the material more easily if they are
interested in studying it. Educators need to master the material, understand the core concepts, and
the best way to teach them [4]. Conventional methods centered on teachers boring students. For
that, a pleasant learning medium is needed [5]. The best way to attract a student’s interest in
learning is to take advantage of what’s most in-demand, like games. Although many are still
skeptical of this, technology depends on its users [6]. If used wisely, games can boost the
enthusiasm and interest of students in learning physics. Thus, the knowledge that is to be passed on
can be well received.

Educational games have the primary purpose of helping students receive material well, not
just entertainment [7]. Learning and teaching are interrelated; learning depends on the recipient, and
teaching on the teacher [8]. If the teacher uses the game wisely, the students will be easier to absorb
the material delivered. Games make the learning process more interesting and interactive so
students don’t get bored quickly. Games can also trigger curiosity and challenge students to solve
problems, not just listen to boring lectures. The game raises the hypothesis and the best action in the
interests of the player [9]. It supports a better learning process. According to [10], games provide
direct feedback that allows learning to be more effective by increasing fidelity and in-depth
experience. Integrating games into physics learning that is considered boring can have a huge
impact. Students tend to love games and addiction to them. The combination of both makes physics
more attractive so that matter is more acceptable. The more senses are involved in learning, the
better absorption and material retention [11]. Students will be motivated to try the challenge of
teachers to develop an understanding of physics.

The use of games in physics learning potentially increases students’ interest, involvement,
and understanding of the material, thereby creating a more attractive and effective learning
environment. Therefore, a deep understanding of the use of games in physics learning is required by
analyzing the consistency of previous research. One way that can be used is bibliometric analysis.
Bibliometric analysis applies mathematical and statistical methods to evaluate scientific
publications, so it can identify research trends [12]. Benefits of bibliometric analytics include being
able to visualize trends in research, international collaboration and authorship, research keywords,
as well as future research recommendations [13]. Therefore, bibliometric analysis research methods
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are essential to evaluate previous research results and provide consistent validation of findings. The
use of bibliometric analysis can provide in-depth insight into the use of games in physics learning.

Bibliometric analysis has been done on a wide range of topics such as Virtual Reality (VR),
Augmented Reality, and Physical Activity (PA) [14]; patents and scholarly publications from cross-
disciplinary projects [15]; augmented reality in physics education [16]; power analysis [17];
Academic coaching [18]; Situational interest [19]; Islamic counselling [20]; Digital transformation
[21]; mobile learning adaptation [22]; mathematical creativity [23] Community engagement [24];
Accreditations [25]; Preschool literacy [26]; Virtual reality in nursing [27]; Journal of special
education technology [28], and emerging adulthood [29]. Some bibliometric researches use
software such as R Studio, Vosviewer, and SainsMath to analyze data [12, 13]. RStudio with
biblioshiny package is often used due to ease of operation and analytical features such as
collaboration writer, country, trends, mapping, and keyword. In addition to RStudio, VosViewer is
also useful in deepening analysis. The combination of these two software will give rise to a
comprehensive trend analysis. Although there is a lot of bibliometric research on physics, special
analysis related to the use of games in physical education has not been done much. Therefore, the
study aims to carry out bibliometric analysis using the RStudio features to provide a deep
understanding of the publication characteristics, research productivity, collaboration, keywords, and
recommendations for further research related to this topic.

Method

The purpose of this research is to look at research trends using bibliometric analysis.
Bibliometric is an analysis approach that aims to explore opportunities and identify trends in
research development through quantitative analysis of scientific literature and publications [30].
This research focuses on developing trends in research on the use of games in physical education.

Figure 1. Bibliometric Research Stream

Stage 1: Search Criteria ‘ Stage2: Database
_Keywords: : Selection Scopus
“Game, Physics Database
Education™ ‘ :

Stage 3:Data ’ S;;:gle{i Data
: Analysis
Collection - ;
e Software: R studio
n= 123 docum ents ’ £ Vosciower

Description the

Stage 5: Result
Analysis

The research began with a search using the keywords “Game” and “Physics Education” in
the Scopus database, which produced as many as 125 articles that were then prepared for further
analysis using tools such as RStudio and VVosViewer. Through the analysis process, researchers can
interpret emerging research trends and conduct keyword groupings to present a comprehensive
picture of the relationship between games and physical education. The results of this analysis are
expected to provide valuable insights into developments and focus of research about the integration
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of games in physics education.

Results

General Characteristics of Literature

Game research in physical education showed the general characteristics listed in Table 1. In
the Scopus database, as many as 125 articles were identified after setting the appropriate search
criteria. The number of researchers discussing this topic was 312; the average citation per article
was 12.23; the percentage growth rate of publication was 4.71%; the median citations per article
were 12.23; and the average age of an article was 8.92.

Table 1. Main Information

Description Results
Main information about data

Timespan 1973:2023
Sources (Journals, Books, etc) 63
Documents 125
Annual Growth Rate % 4,71
Document Average Age 8,92
Average citations per doc 12,23
References 3754
Document contents

Keywords Plus (ID) 390
Author’s Keywords (DE) 272
Authors

Authors 312
Authors of single-authored docs 28
Authors collaboration

Single-authored docs 29
Co-Authors per Doc 2,86
International co-authorships % 8,8
Document types

article 83
book chapter 6
conference paper 33
letter 1
note 2

Annual Scientific Production

The results of the research show that the first article on games in physics education has been
published a long time ago, in 1973. However, research on this topic did not experience significant
improvement until 2000. The annual scientific production of Game research in physical education
began to increase significantly in 2002. Figure 2 shows the annual publication on this topic.
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Figure 2. Annual Scientific Production of Game Research in Physics Education
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Table 2 shows the ten most influential countries seen from the number of quotations and the
average quotation of their articles. It was found that the United States was the most influential
country in game research in physical education.

Table 2. Ten Countries Most Influential in Game Research in Physics Education

Country TC Average Article Citations
USA 462 17,80
China 183 22,90
United Kingdom 40 8,00
Chile 35 35,00
Netherlands 33 16,50
Australia 25 25,00
Philippines 23 5,80
Norway 21 10,50
Canada 20 20,00
Greece 20 20,00

The Most Influential Journal

Table 3 lists the top ten Game research journals in physics education based on index-h of
articles published in related journals. The h index is more effective in predicting future scientific
achievement than other metrics such as the total number of citations, average citations per paper,
and total papers [31]. In addition to index-h, index-g, and index-m, the number of quotations (TC),
the number of publications (NP), and the first year of publication (PY-Start) are also shown in
Table 3.

Table 3. Sources’ Local Impact

Journal h- g- m- T N PY_star
index index index C P t
Computers and Education 10 11 0,714 57 11 2011
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The rankings of journals according to Bradford law are listed in Table 4. Bradford’s law
analyzes based on the distribution of a publication in the entire journal environment [32]. The
frequency of publication of each source in game research in the field of physics education is ranked
from the highest to the lowest. The journals in the first zone are described as the most influential
sources in Bradford's law analysis. Table 4 lists the most influential journals according to this

analysis.

Table 4. Bradford’s Law

Journal Rank Freq cumFreq Zone
Physics Education 1 15 15 Zone 1
Physics Teacher 2 15 30 Zone 1
Computers And Education 3 11 41 Zone 1
Education Sciences 4 4 45 Zone 1
Physical Review Physics Education Research 5 4 49 Zone 2
Proceedings - Frontiers In Education Conference, Fie 6 4 53 Zone 2
Education And Information Technologies 7 3 56 Zone 2
Educational Technology Research And Development 8 3 59 Zone 2
IEEE Global Engineering Education Conference, Educon 9 3 62 Zone 2
Journal Of Baltic Science Education 10 3 65 Zone 2

The Most Influential Article

The most influential core articles in gaming research in the field of physics education are the most
cited by other research, reviewed by the Global Citation Score (GCS) and Local Citations Score (LCS).
Quotation is an important foundation for status and success in the scientific world [33]. The GCS shows the
total number of quotations from around the world received by the article, while the LCS gives an overview
of the extent to which the article is cited at the local level or within a particular research network. Table 5

presents the top ten articles based on GCS and LCS.

Table 5
Most Global Cited Documents and Their Local Cited

Referen
ces

DOI Source

GC LC
S S
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Referen DOI Source GC LC
ces S S
[34] 10.1103/PhysRevSTPER. Physical Review S_pecial Topics - Physics 182

3.020101 Education Research
[35] 10.1016/ J.cSo(r)nOp7edu.2011.0 Computers & Education 123 3
[36] 10.1016/ J.%ognlpledu.2016.0 Computers & Education 93 ©
[37] 10.1016/ J.c7o(r)n0p9edu.2015.0 Computers & Education 70 3
[38] 10.1016/ J.%o(r)nopledu.2015.0 Computers & Education 69 2
[39] 10100;%?; 6-013- Journal of Science Education and Technology 66 4
[40] 10.1016/ J'Clo (r)nopzedu.2014.0 Computers & Education 64 3
[41] 10.1016/ J.%o$p2edu.2017.0 Computers & Education 64 1
[42] 10'100;/2323%3 6-010- Journal of Science Education and Technology 54 2
10.1088/0031- : .
[43] 9120/48/4/431 Physics Education 41 0

The Most Influential Authors

The most influential core writers or writers in game research in the field of physics
education related to their index-h can be seen in Table 6. Based on the results of analysis, Rahimi
S. and Smith G. are the most influent writers with the highest index-H and index-g.

Table 6. Authors’ Local Impact

Element h-index g-index m-index TC NP PY-start
Rahimi S. 5 6 1,25 75 6 2021
Smith G. 5 6 1,25 75 6 2021
Kuba R. 5 5 1,25 73 5 2021
Shute V. J. 4 4 0,4 164 4 2015
Dai C-P 3 3 0,75 56 3 2021
Shute V. 3 4 0,75 50 4 2021
Yang X. 3 4 0,75 39 4 2021
Andres J. M. L. 2 2 0,2 4 2 2015
Barnett M. 2 2 0,143 120 2 2011
Clark D. B. 2 2 0,143 187 2 2011

We also analyzed the affiliation of the authors on this topic. Figure 3 shows the most active
affiliates reviewed by the authors. Florida state university has become the most productive affiliate,
far more than any other affiliate.

Figure 3. The Ten Most Active Affiliates
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Most Relevant Affiliations

FLORIDA STATE UNIVERSITY °

VANDERBILT UNIVERSITY B ” |

PONTIFICIA UNIVERSIDAD CATOLICA DE CHILE

UNIVERSITY OF CENTRAL FLORIDA

KHON KAEN UNIVERSITY

Affiliations.

UNIVERSITY OF PISA

INSTITUTO POLITECNICO DA GUARDA —A

NATIONAL CHANGHUA UNIVERSITY OF EDUGATICN —

NATIONAL UNIVERSITY OF IRELAND GALWAY —

NOTREPORTED D —

Articles

Research Groups Based on Keywords

Further, the researchers used VVosViewer in mapping research groups and keyword
innovations.

Figure 4. Network Visualization (Keyword Occurance > 3)

virtualgworlds

game degglopment physics @glucation

virtualigeality newtoniap physics
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- »! Ep learning@§upports
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engineeringeducation knowledge@cquisition

studentgearning

N5 seriouggames learning emwironments
affective state SK'IIS
game—b*learning
educatiof@omputing v
learping e & compuligh games
motiggtion
edugation learningisystems
physics computer aidgg instrution
game
digital game-@@sed learning
eye-tagcking

mechanics
teachingiphysics

e-leggnin,
il ] digitaligames
secondaryeducation

#% VOSviewer

From VosViewer’s findings, there were five clusters that the researchers named after their
grouping.

Table 7. Keyword Grouping

No  Cluster colour Cluster name Keywords

Computer aided instruction, computer games,
digital game-based learning, digital game, e-
learning, eye-tracking, game based learning,

Digital Game Based

1 Red Physics Learning
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No  Cluster colour Cluster name

Keywords

Game-based physics
learning and
interactive technology

2 Green

Physics Learning
Through Game
Education: Physics
Playground
Physics Learning
Through Games:
Integrating Affective
State and Engagement
Interactive Simulation
for Physics Education
in Learning
Environments

3 Blue

4 Yellow

5 Purple

individual differences, learning environments,
student learning, students
engineering education, game development,
interactive computer graphics, newtonian physics,
physics education, serious games, software design,
teaching, virtual reality, virtual worlds

educational game, educational games, knowledge
acquisition, learning supports, learning systems,
motivation, physics playground, teaching physics

affective state, education, engagement, game,
learning, mechanics, physics

computer simulation, education computing,
interactive learning environment, secondary
education

Source: VosViewer

Research Novelty

Overlay Visualization shows the novelty of keyword usage [44]. Figure 5 shows overlay

visualization on this topic.

Figure 5. The Overlay Visualization
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Stable Development and Potential Sustainable Impact

The annual growth rate of publications in search datasets was found at 4.71% which
indicates that the number of scientific publications on this field is increasing steadily every year,
although not in large numbers. The average number of citations for the article was 12.23, which
indicates that the publication in this dataset has been highly cited and influential. The average age
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of article in the datasets is 8.92 years which indicates that most publications are contemporary and
state-of-the-art literature that is relevant for review. Overall, this descriptive analysis indicates that
this dataset is a good representation of cutting-edge research developments in game topics in
physical education. This data set is dominated by influential new publications that are actively cited,
thus providing a strong basis for future researchers to research this topic.

From the Emergence of Ideas In 1973 to A Significant Increase in The Early Millenium

The results showed that the first article on games in physics education had been published
long ago, in 1973. This indicates that the idea of using games for learning physics has been around
for decades. However, research on this subject did not experience significant improvement until the
year 2000. The application of games in physics learning was relatively stagnant for several decades
before entering this millennium. This sharp increase indicates that the use of games in physics
learning has begun to gain significant attention from researchers and educators since the early
millenniums. The findings describe the historical development of game research in the context of
slow physical learning initially but accelerated in the last two decades. Forward projections suggest
that research on this topic will continue to show a steady growth trend. The findings of several
meta-analysis studies confirm that the use of games has a significant positive impact in the context
of learning [45]. With these findings, it is foreseeable that interest and focus in exploring these
concepts will continue to increase along with a deep understanding of the benefits of integrating
games to improve the learning process.

Domination of Developed Countries, Challenges, and Opportunities for Cross-

Continental Collaboration

The most influential countries in the publication of this topic are dominated by the countries
on the continent of Europe, followed by the Americas, Asia, and Australia. Research and scientific
publications related to this topic still dominate the developed countries in Europe and America.
Nevertheless, the contributions of the countries in Asia and Australia also deserve to be taken into
account. The findings are in line with the general pattern of global scientific productivity that is still
dominated by Western countries. However, some countries in Asia have begun to experience
increased scientific productiveness in recent decades. Contributions from Asian countries will likely
increase in the future. On the other hand, increased collaboration with researchers in Africa is
needed to provide new perspectives and insights into this topic. The African continent has so far not
contributed much to global scientific publications. This is one of the causes of the limited resources
devoted to research and development (R&D) activities [46]. With the involvement of researchers
from Africa, new innovations and breakthroughs are expected to be born that will enrich the world’s
science. Inputs from a variety of geographical and cultural backgrounds are essential to enrich
insights and innovations in the development of science. Cross-continental and cross-cultural
scientific collaboration is essential to ensuring the progress of science that is inclusive and
beneficial to all mankind. Scientific collaboration is an important mechanism that enables the
integration of less developed countries into research activities [47]. The involvement of various
tribes, backgrounds, and perspectives will further enrich and accelerate the development of science
in the future.

Domination of Computers and Education, Challenges, and Discharges for the Physics

Education Base Journal

Computers and Education have the highest index-h among the most influential sources in-
game research in the field of physical education. This is mainly due to the focus and scope of this
journal which is relevant to computer and technology topics in education, including games. The
index-g shows the quotation performance of the most read articles, where Computers and
Education also lead. The total quotation score (TC) of each journal marks the overall impact, where
this journal is ranked first as well. Overall, based on a variety of such bibliometric indicators,
Computers and Education is the most influential journal in the study of games in physics education
research.
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Computers and Education does have the highest rank in a variety of bibliometric indicators
for game topics in physics education. In the future, journals that focus on the field of physical
education need to play an active role and make significant contributions to this topic. The study of
physical education requires publication in journals that target the community of physics educators
and researchers specifically. Publications in applied journals in general education such as
Computers and Education are not enough to build a foundation of knowledge in the field of
physical education itself. For that, researchers on this subject need to actively publish their findings
in the core journal of physical education. With increased publications in reputable journals of
physics education, it is expected that there will be a transfer of knowledge and insight between
researchers of physical education and physics teachers. This in turn can improve the quality of
research and practice physics learning in the field through an empirical-based approach. Therefore,
the active contribution of the core journal of physics education is essential to advance the game
topic in physics learning forward.

Physics education journals like Physics Education and Physics Teacher rank second and
third. This suggests that there is actually a great interest in publishing game research in physics
learning in the core journals of physics education. The current trend that is still dominated by
educational technology journals may be due to the greater focus of research on game development
itself, not yet dominated in its impact on physics learning or students. Therefore, researchers in the
field of physical education need to take a more active role in directing this research to focus more
on the pedagogical aspects and their impact on physical learning outcomes. Thus, the contribution
of physics education journals to the topic of games in physics learning is expected to increase in the
future.

Content Analysis of the Most Cited Articles: Game Technology Innovations in

Influencing Understanding of Physical Concepts, Student Motivation, and Learning

Outcomes

The most cited first-order paper was written by Tuminaro and Redish in 2007 [34]. This
article talks about cognitive models in solving physical problems, especially focusing on the idea
of epistemic games that affect the way students deal with physical problems. It was found that
students often use an epistemic game framework that limits the resources they use in a particular
task. The research also identifies differences in problem-solving approaches between experts and
beginners, as well as how unexpected messages can be delivered to students through the teaching
methods used.

The second most cited paper was written by Clark et al. in 2011 [35]. This article deals
with the use of digital games with integrated concepts, combining popular game elements with
formal physical representations and terms, to help learn Newton’s mechanics. The study used the
game “SURGE” in high school students in Taiwan and the United States. The results show an
increased understanding of Newton’s mechanics, measured with the Force Concept Inventory, and
a high level of motivation. Despite this, there are some shortcomings such as the variation of
completion time and the tendency of some students to ignore the help of physics. Research
recommends further development on a more sensitive assessment of student understanding
relationships, deeper learning support, more engaging interface design, and the development of
reward systems in line with learning goals. Although there are still challenges in design aspects,
these digital games demonstrate the potential to support students’ understanding of core science
concepts.

The third most cited paper was written by Tsai et al. in 2006 [36]. This article discusses the
use of eye-tracking technology to explore the visual behavioural differences between high-
performance and low-performing gamers in the context of game-based learning (GBL). This study
found that low-performance gamers divert more visual attention to the components and conceptual
representations in the game. These patterns of behavior indicate students having difficulty
understanding concepts. While high performance players show better visual attention control in
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multitasking and more efficient text reading strategies in GBL, as well as experiencing higher
levels of flow in control and concentration aspects while playing games. This research
recommends further research to develop more sensitive assessment elements to measure
incremental learning in GBL, integrate scaffolding support and visual signals to help students
associate intuitive and formal understanding, conduct sequential analysis of visual and
manipulative behavior of players in games, and explore possible relationships between all aspects
of flow measurement and eye-tracking in different GBL contexts.

The fourth most cited paper, was written by Kim and Shute in 2015 [37]. This article
discusses how changes in the play sequence of a game, called gameplay sequence linearity, can
affect the quality of judgment (such as validity, reliability, and fairness), learning, and pleasure in
the context of game-based testing. This study compared two versions of the same Physics
Playground except in its gameplay sequence. The results suggest that changes in game sequence
can affect the way players interact with the game and the strength of evidence from the
measurement in the game, which in turn affects the validity of the judgment. Although there were
no significant differences in learning between the two conditions, only players on the nonlinear
version showed improved understanding of physics qualitatively. There was no significant
difference in pleasure between the two versions. These findings show the importance of testing
various design principles in the development of future game-based judgment.

The fifth most cited paper, written by Shute et al. in 2015 [38]. This article discusses the
relationship between incoming knowledge, persistence, affective states, in-game progress, and
consequently learning outcomes for students using the game Physics Playground, an educational
game. This study uses structural equation analysis to test the relationship between these variables.
The results showed that pre-test scores and student performance in games significantly influenced
learning outcomes. Performance in games can be predicted by data pretest, frustration, and
engaged concentration. The findings also revealed the existence of two indirect paths from engaged
focus and frustration to learning, via the in-game progress measure. The research emphasizes the
importance of emotion and perseverance in shaping learning outcomes, as well as the need to
design effective learning support in a game context.

The focus of the discussion on the five most cited articles involved cognitive models, game
design, eye-tracking technology, gameplay sequence linearity, and student emotional factors. This
research consistently explores how technological innovation in games can influence the
understanding of physical concepts, student motivation, and overall learning outcomes in the
context of physical education. Increases in the development of in-depth teaching methods,
attractive interface designs, and reward systems in games that match the learning objectives
became the crucial focus. To improve student understanding, it is necessary to carry out future
research related to assessments that are responsive to variations in student understanding.
Furthermore, further exploration of the optimum design principles for game-based tests will
provide valuable insights for research contributions to this topic.

Influence And Potential of New Researchers

Although still new in the world of publication by 2021, Rahimi S. and Smith G. managed to
significant influence in this topic by acquiring a high h-index. The H-index shows a combination of
research productivity and the impact of the situation, giving an indication that their scientific
contributions have been noticed and appreciated by the research community. These achievements
show their potential to become leaders in this field over time, and their research results can be a
substantial contribution to the development and understanding of such topics in scientific literature.
Researchers can further explore new aspects or innovative approaches to understanding the role of
games in physical education. Further researchers do not need to feel hindered by the time of their
introduction to the world of publication, as the high h-index acquisition suggests that success can be
achieved without relying on long publication experience starting in a given year.

Challenges and Potential for Inter-Affiliate Collaboration
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Florida State University became the most productive affiliate, standing out from other
affiliates. This may indicate that the institution has a speciality or a deep research focus on this
topic. These findings may stimulate further researchers to be able to explore more intensive
collaborations with the institution or other institutions. Expanding cooperation with various
affiliates can bring many diverse perspectives, both geographically and culturally, which can
complexly enrich research on the topic of games in physics learning.

Research Groups Based on Keywords

Research group analysis is seen from network visualization (See Figure 4 and Figure 7). In
the context of the red cluster, physics learning uses a variety of technologies such as computer-
aided instruction, digital game-based learning, and e-learning to create an interactive and enjoyable
learning environment. The use of computer games and digital games in physics learning can
enhance student engagement and facilitate understanding of complex physical concepts through
practical experiences and virtual simulations [48]. Elements such as eye-tracking can also be used
to monitor student attention and understanding during the learning process, providing valuable
information to teachers to optimize instructional design. The importance of understanding
individual differences in learning physics using game media creates opportunities for personalized
approaches in instructional design [49]. Each student has a unique learning style and needs, and
game-based learning can be customized to accommodate these variations [50]. Thus, the cluster
summarizes various aspects that create an interactive and adaptive learning framework that utilizes
technological excellence to enhance students’ understanding and achievement in studying physics.

In the context of “Game-based Physics Learning and Interactive Technology”, engineering
education, game development, interactive computer graphics, and Newtonian physics unite to form
a learning paradigm that combines technical expertise with in-depth physical concepts. Through the
application of virtual reality, software design, and virtual worlds, learning physics becomes more
dynamic and allows students to experience physical concepts in an enticing simulation environment
[51]. By bringing these aspects together, physics learning not only becomes more interactive and
enjoyable, but also provides an opportunity for students to develop technical skills, understanding
of physical concepts, and software design expertise, creating a unique balance between science and
technology expertise.

In the cluster “Learning Physics Through Game Education: Physics Playground”,
educational games became a major focus in supporting the acquisition of knowledge of physics.
Physics Playground creates an interactive environment that blends educational elements with games
to provide a learning system that supports physics learning [52]. Through a variety of educational
games, students not only gain an in-depth understanding of the concepts of physics, but also feel a
high motivation to learn because of the entertaining game atmosphere [53]. Thus, this cluster
creates an exciting learning ecosystem and blends the excitement of play with educational purposes,
providing a profound and meaningful physical learning experience for students.

In the concept of “Learning Physics Through Games: Integrating Affective State and
Engagement”, physics learning not only focuses on cognitive aspects, but also considers the
influence of affective states or emotional states of students as well as their level of engagement in
the learning process [54]. By integrating exciting game mechanics, physics learning becomes more
interactive and in-depth, enabling students to engage actively in the exploration of physical
concepts [55]. The combination of the game elements and the purpose of physics learning creates a
learning environment that builds positive affective states, increases student engagement, and
ultimately strengthens the learning process [56]. Thus, this cluster emphasizes the importance of
understanding and leveraging the emotional aspects and student involvement as key elements in the
effectiveness of games as a physical learning medium.

In the cluster “Interactive Simulation for Physics Education in Learning Environments”,
computer simulation becomes the main focus as an interactive physical learning tool. The
application of computer simulation in physics learning at the secondary education level creates a
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challenging and exciting learning environment for students [57]. Computing education plays a
central role in utilizing technology to provide a more in-depth and practical learning experience,
while ensuring that the interactive learning environment provides appropriate support for the
development of students’ understanding of physics. This approach is relevant in the context of
secondary education, where computer simulation can present physical concepts more concretely and
understandably [58]. Interactive simulations not only increase students’ appeal to physics learning
but also enable them to conduct virtual experiments and understand physical phenomena in a safe
and controlled way. This cluster creates synergies between computer simulation, education
computing, and interactive learning environments to improve the quality of physical learning at the
secondary level through innovative approaches and supporting technologies.

Keyword-Based Search Innovations

Bright colours on keywords such as learning supports, knowledge acquisition, and eye-
tracking reflect significant shifts in physics learning approaches through games. Learning supports
emphasizes the importance of providing assistance and guidance to students in dealing with the
challenges of learning physics. In the context of game-based learning, this leads to the development
of mechanisms that support comprehension of complex physical concepts and provide guidance
when students experience difficulties. Knowledge acquisition, as another bright keyword, describes
an increased focus on the process of student knowledge acquisition through games. Through the use
of interactive technology in games, students are not only asked to remember physical facts, but also
to understand and apply such concepts in real-life situations. Meanwhile, eye-tracking highlights the
use of technology to monitor students’ eye movements during interaction with the game, providing
valuable insights into their focus of attention. By leveraging discussions on learning supports,
knowledge acquisition, and eye-tracking approaches, this approach creates an adaptive, inclusive
learning environment, and provides a deep understanding of physical concepts through play.

Conclusion

Based on bibliometric analysis, research into the use of games in physics learning showed a
relatively slow development at first, but a significant increase since the early 2000s. This indicates
the potential positive impact of game integration that is increasingly recognized by researchers and
physics education educators. Researchers from developed countries such as the United States and
Europe dominate publications on this topic. However, countries in Asia and Australia are also
beginning to make significant contributions. Cross-continental collaboration is important to provide
a broader perspective. The main journal that publishes the most articles on this topic is Computers
and Education. However, core journals in the field of physical education such as Physics Education
have also been actively publishing related research. The most widely cited articles consistently
explore the use of games and interactive technologies to enhance students’ understanding of the
concepts, motivations, and learning outcomes of physics. Five main keyword clusters reflect
various approaches in applying games to physics learning, including digital game-based learning,
virtual reality, educational games, affective state, and computer simulation.
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