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ABSTRACT

This study presents a bibliometric analysis of research related to conceptual understanding in
physics and astronomy (CUPA), analyzing publication trends, the most contributors, and
emerging research directions from 2006 to 2025. The analysis was conducted on 447 documents
using VOSviewer and Biblioshiny, as well as Microsoft Excel and Origin to aid data visualization.
The analysis revealed a steady increase in the number of publications over time, particularly from
2017 to 2021, reflecting growing interest in this field. Collaborative efforts, both locally and
internationally, are prominent, with a strong foundation in the previous literature. The main topics
identified include e-learning, computer-aided instruction, and quantum optics, illustrating the
influence of educational technology and advanced scientific research. Although research on
CUPA has developed significantly, future studies should explore the integration of artificial
intelligence (Al) in learning, investigate differences in conceptual understanding across
educational systems, and address gaps in research conducted in non-English languages. This study
highlights the importance of international collaboration and the need for further research to
connect conceptual understanding with critical thinking and problem-solving skills, which are
essential in 21st-century education.

Keywords: Conceptual understanding, physics and astronomy, bibliometric analysis.
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Pemahaman Konsep pada Fisika dan Astronomi: Sebuah Analisis
Bibliometrik

ABSTRAK

Studi ini menyajikan analisis bibliometrik tentang penelitian terkait pemahaman konseptual
dalam fisika dan astronomi (CUPA), dengan menganalisis tren publikasi, kontributor utama, dan
arah penelitian yang sedang berkembang dari tahun 2006 hingga 2025. Analisis dilakukan pada
447 dokumen menggunakan VOSviewer dan Biblioshiny, serta Microsoft Excel dan Origin untuk
membantu visualisasi data. Analisis menunjukkan peningkatan yang stabil dalam jumlah
publikasi seiring waktu, terutama dari tahun 2017 hingga 2021, mencerminkan minat yang
semakin besar terhadap bidang ini. Upaya kolaboratif, baik secara lokal maupun internasional,
sangat menonjol, dengan landasan yang kuat dalam literatur sebelumnya. Topik utama yang
diidentifikasi meliputi e-learning, komputer-aided instruction, dan optika kuantum, yang
menggambarkan pengaruh teknologi pendidikan dan penelitian ilmiah yang canggih. Meskipun
penelitian tentang CUPA telah berkembang secara signifikan, studi masa depan sebaiknya
menjelajahi integrasi kecerdasan buatan (Al) dalam pembelajaran, menyelidiki perbedaan
pemahaman konseptual di berbagai sistem pendidikan, dan mengatasi kesenjangan dalam
penelitian yang dilakukan dalam bahasa non-Inggris. Studi ini menyoroti pentingnya kolaborasi
internasional dan kebutuhan akan penelitian lebih lanjut untuk menghubungkan pemahaman
konseptual dengan keterampilan berpikir kritis dan pemecahan masalah, yang esensial dalam
pendidikan abad ke-21.

Kata kunci: Pemahaman konsep, fisika dan astronomy, analisis bibliometrik

INTRODUCTION

Physics and astronomy are two fundamental branches of science in understanding the
universe and the phenomena that occur within it. Physics studies the properties and behaviour of
matter and energy, which form the basis for many technologies and scientific developments.
Many everyday occurrences can be explained by physics (Taqwa & Faizah, 2016; Wahyuni &
Taqwa, 2022). In addition, physics is essential for solving various problems, from simple to
complex ones. Meanwhile, astronomy focuses on the study of celestial objects and cosmic
phenomena that help humans understand our position and origin in this vast universe. These two
disciplines not only provide theoretical knowledge but also practical applications that are highly
significant in everyday life, ranging from communication technology to space exploration.
Additionally, physics and astronomy often complement each other in modern scientific research
and development (Boyarchuk & Keldysh, 1999; Ginzburg, 1999; Saha, 2002). Therefore, both
play a strategic role in the advancement of science and technology.

Conceptual understanding in physics and astronomy (CUPA) is key to the development of
these fields. In the context of learning, conceptual understanding is one of the most important
goals that every student must achieve (Asnaini, 2024; Azizah et al., 2020; Taqwa et al., 2022;
Taqwa & Rivaldo, 2019). Without a deep understanding of basic concepts, the knowledge gained
will be mechanical and unable to effectively explain new or complex phenomena (Aminuddin et
al., 2024; Zamani & Suyudi, 2024). In addition, a strong grasp of concepts can improve the ability
to connect various aspects of knowledge systematically and maturely. Some studies even show
that conceptual understanding is related to several thinking skills, such as problem-solving
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(Docktor & Mestre, 2014), argumentation skills (Aydeniz et al., 2012; Cetin, 2014), critical
thinking (Hartini et al., 2020), and creative thinking (Dewi et al., 2019). Therefore, in the context
of education and research, conceptual understanding serves as the foundational pillar that must
be continuously developed and evaluated on an ongoing basis.

Over time, research on concept understanding in physics and astronomy has developed
significantly. Various studies have been conducted to identify the difficulties experienced by
students and researchers in understanding core concepts (e.g. Mutsvangwa, 2020; Taqwa et al.,
2020), as well as to develop more effective teaching and learning methods (Sahara et al., 2020;
Suriano et al., 2025; Tania et al., 2020). This research encompasses a range of approaches, from
educational experiments and cognitive models to the use of technology as a learning aid.
However, this research still faces challenges, particularly in measuring the quality of
understanding and applying research results in educational and research settings. Therefore,
evaluations and methodological updates continue to be carried out to explore the dynamics of
conceptual understanding in greater depth, thereby contributing more significantly to the field.

Bibliometric analysis is an important tool for systematically reviewing and evaluating the
development of research on CUPA. Using this method, it is possible to map publication patterns,
citations, collaboration between researchers, and emerging research trends (Aksnes et al., 2019;
Li et al., 2021). Bibliometric analysis also provides an objective overview of research areas that
have been extensively explored and those that have received little attention, thereby serving as a
foundation for setting research directions and educational policies. Additionally, this approach
helps researchers and educators effectively identify relevant resources and literature.

Bibliometric analysis on the development of conceptual understanding research is still very
rare. Oya et al. (2024) have focused on conducting a bibliometric analysis on the impact of
project-based assessment on conceptual understanding in STEM education. In addition, Wandi et
al. (2023) have conducted a bibliometric analysis of conceptual understanding in physics
education, but a comprehensive performance analysis and science mapping have not been
conducted. Bibliometrics has many strengths, not only providing an overview of research trends
from year to year, but also providing an overview of the authors, affiliations, and countries that
contribute most to a particular area of research (Donthu et al., 2021; Hassan & Duarte, 2024).
This information on top contributors is important to provide readers with information for several
purposes, such as research collaboration, key references for research to be developed, or
becoming a reviewer for a journal. On the other hand, bibliometric analysis can perform
quantitative analysis of terms that are developing on a research topic to see interrelated research
sub-topics and provide insight into the direction of future research (Huang et al., 2020; Kipper et
al., 2021). Therefore, this article conducts a bibliometric analysis in an effort to provide more
comprehensive insights while supporting the development of science and education in the fields
of physics and astronomy. This article aims to answer several research questions (RQ), including:
RQ1. What is the main information about the research trends of CUPA?

RQ2. What are the trends in publications on CUPA?

RQ3. Which authors, affiliations, and countries have made the most significant contributions to
research on CUPA?

RQ4. What is the most relevant words about CUPA?

RQS5. What will be the focus of future research on CUPA?
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METHOD

This article is a literature review using bibliometric analysis, a quantitative approach used to
analyze scientific publications in a specific field. In the context of this research, the field of focus
is the Conceptual Understanding in Physics and Astronomy (CUPA). The steps involved include
collecting data from relevant databases, cleaning and refining the data, and using various
bibliometric methods (the next steps in generating meaningful information) (Passas, 2024).
Bibliometric analysis is very important because it can provide information to guide future research
(Hulland, 2024). Furthermore, the results of the bibliometric analysis can also be used by journal
managers to identify the most relevant reviewers for articles (Berger & Baker, 2014).

Investigating Scope

The sources analyzed in this study were obtained from the Scopus database. The Scopus
database was chosen because it has several advantages. Scopus includes a wide range of journals
in the social sciences and humanities, providing extensive coverage that is beneficial for
researchers in social education fields (Chamorro-Atalaya et al., 2024; Norris & Oppenheim,
2007). Scopus supports advanced bibliometric tools such as Biblioshiny and VOSViewer, which
are commonly used by researchers. Scopus metadata enables researchers to analyze citation
networks, author collaboration patterns, and thematic clusters. This is very useful for identifying
influential authors, publications, and emerging research trends (Sharma et al., 2024). The search
was conducted using the keyword “conceptual understanding” in TITLE-ABS-KEY. The data
analyzed were limited to a period of two decades, from 2006 to 2025 (June 4™). We limited the
documents to subject areas, document types, source types, and languages (see Table 1). All data
obtained was exported in CSV format.

Table 1. Summary of Data Characteristics of The Bibliometric Study

Category Specific standard requirements

Research database Scopus

Search query (TITLE-ABS-KEY "conceptual understanding")
Searching Periode 2006 to 2025 (June 4

Subject area Physics and Astronomy

Documents type Article

Source type Journal

Language English

Data Export Format CSV

Data Processing

The document selection process used the PRISMA guidelines (Page et al., 2021), which are
explained in detail in Figure 1. Based on the results of a Scopus database search using the
keywords “conceptual understanding,” 10,897 documents were obtained. Next, the documents
were limited to publications from 2006 to 2025. At this stage, 1,098 documents were excluded,
leaving 9,799 documents. Subsequently, the exclusion process based on criteria such as subject
area, document type, source type, and language eliminated 9,346 documents, leaving 453
documents. In this study, we only analyzed articles with primary data, while articles with
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secondary data were excluded. At this stage, 6 documents were eliminated, leaving 447
documents to be analyzed.

Data Analysis

Data analysis was conducted on 447 documents containing metadata such as title, author,
affiliation, abstract, author keywords, index keywords, and so on. Data analysis was performed
using VOSviewer and Biblioshiny. In addition, to help visualize the data for easier understanding,
we used Origin and Microsoft Excel. Biblioshiny is used to analyze main information, publication
trends, most significant contributors (authors, affiliations, and countries), and future research
focus. VOSviewer, with its visualization capabilities, is used to analyze the most relevant words
and future research on the topic of CUPA.

Identification of studies via scopus database
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'g ) . Records removed before

t.% Records identified through - the screening:

'g meta-database searching Years 2006-2025

é Scopus (n = 10,897) (n =1,098)
Step 2: Screening documents Excluded documents after
Records identified through screening (subject area,
meta-database searching p======d document type, source
Scopus type, and language)

éﬂ (n=9,799) (n=9,346)

=

: v

»n Step 3: Screening documents Excluded documents after
Records identified through screening (exclude articles
meta-database searching p======9 that do not have primary
Scopus data)
(n=453) (n=6)

=y Step 4: Passed eligibility

'_E Documents accepted based on
__5_:.0 criteria

= (n=447)

A\ 4

Step 5: Bibliometric analysis
Total analyzed documents
(n=447)

=
D
=
=
—
9
=
(o]

Figure 1. The process of article selection
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RESULT AND DISCUSSION
The Main Information about The Research Trends of CUPA

Research on CUPA shows steady and collaborative development between 2006 and 2025
(see Figure 2). During this period, 447 documents were published in 108 different sources,
indicating that this topic has received attention from various scientific journals and conferences.
Although the growth rate is moderate, at 1.65% per year, this indicates that this topic remains a
relevant focus among researchers. This topic of concept understanding is important and continues
to evolve because it is related to specific topics in each discipline. Even the genetics concepts in
secondary school students in Nigeria, especially in Ondo, have not been studied (Ojo, 2024). This
is likely to be the case for other topics and countries, so research on concept understanding will
continue to evolve, including in physics and astronomy.

Of the 1,202 authors involved, only 61 documents were written by a single author, indicating
that most research in this field is conducted collaboratively. Additionally, approximately 23.27%
of the documents involve international collaboration, indicating that this research has a global
dimension despite being limited to certain regions. The average number of co-authors per
document is 3.18, further evidence that teamwork plays an important role in this research. Active
cooperation between communities and researchers is essential in developing research strategies
to address issues faced by communities (Kone et al., 2000). Not only that, researchers with high
positions such as lecturers, senior lecturers, and professors have more diverse collaboration
patterns than those in lower positions (Mwantimwa & Kassim, 2023). This is because researchers
with high positions recognize the importance of collaboration.

This research also appears to be highly connected to previous literature, as reflected in the
large number of references used, namely 15,827 references for 447 existing documents. The
average age of these documents is 7.82 years, indicating that although most of the research is
relatively recent, the topic already has a strong foundation. With an average of 17.64 citations per
document, it can be seen that these works are quite influential and have received widespread
attention from the academic community. All these indicators suggest that conceptual
understanding in Physics and Astronomy continues to evolve through extensive collaboration,
and research in this field remains highly relevant and makes significant contributions to the
advancement of scientific knowledge. Astronomy is one of the most important disciplines in
science education for increasing students' interest and curiosity in science, which is developing
rapidly (Sensoy & Kocakusak, 2025), as is physics.
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Timespan Sources Documents Annual Growth Rate

2006:2025 108 447 1.65 %

Authors of single-authored docs International Co-Authorship Co-Authors per Doc

61 23.27 % 3.18

Author's Keywords (DE) References Document Average Age Average citations per doc

739 15827 7.82 17.64

(Source: results of data analysis using biblioshiny)
Figure 2. The Main Information About The Research Trends of CUPA

The Trends in Publications on CUPA

Figure 3 shows the number of publications on CUPA from 2006 to 2025. Overall, there has
been a significant increase in the number of publications over time. In 2006, only 11 publications
were recorded, and this number gradually increased, reaching a peak of 41 publications in 2021.
A sharp increase was observed during the period from 2017 to 2021, which may have been
influenced by external factors such as increased research funding, technological advancements,
or changes in educational curricula that place greater emphasis on conceptual understanding in
Physics and Astronomy. Despite fluctuations from year to year, interest in this topic continues to
grow, with 25 and 23 publications recorded in 2022 and 2023, respectively. However, there was
a significant decline in 2025 with only 15 publications recorded, which may be due to incomplete
data or changes in research interests. Fluctuations in research interest in understanding this
concept also occur in science education (Oya et al., 2024). Overall, the number of publications in
recent years is higher than in the early stages of research, indicating that CUPA remains a relevant
and important focus in the scientific community. In addition, research trends in a particular area
can also be seen from the number of citations obtained (Zafar et al., 2024). As shown in Figure 4,
the mean citations per article and the mean citations per year are quite volatile. This indicates that
there are rapid shifts in research topics. However, CUPA research trends based on mean citations
obtained indicate considerable interest.

50
45
40
35
30
25
20
15

Number of Publicatoins

(Source: The results of data analysis using Biblioshiny were redrawn using Microsoft Excel)
Figure 3. Dynamics of Publications Each Year
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(Source: The results of data analysis using Biblioshiny were redrawn using Origin)
Figure 4. Mean Total Citation per Article and Year

The Most Significant Contributors to CUPA

The most significant contributors in a research area are identified based on source, author,
affiliation, and the most productive country. According to the information in Figure 5, Physical
Review Physics Education Research is the most relevant journal with the highest number of
publications, namely 77 documents. This was followed by Physics Education (52 documents),
African Journal of Mathematics, Science, and Technology Research (36 documents), European
Journal of Physics (32 documents), and so on (see Figure 5). Research source information, such
as journals, is crucial because it helps assess the quality and impact of publications within a field
(Abrar et al., 2023; Haghani, 2023). Journals with high impact factors and strong reputations often
publish influential research articles, reflecting the quality of the ideas developed in those articles.
Additionally, knowing the most productive research sources helps identify trends and research
focuses published in specific journals. This also enables analysis of the influence of certain
sources on the development of science and technology. This data can serve as important
information for researchers in the CUPA field to identify the best reference sources for their
ongoing research.
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Figure 5. The Most Relevant Sources

The next important piece of information is data on the most productive authors in a field. The 10
most relevant authors are shown in Figure 6. These authors include Singh C (University of
Pittsburgh, USA), Kuhn J ( Ludwig-Maximilians-Universitit, Germany), Stetzer MR (University
of Maine, USA), Stewart J (University of Illinois, USA), Zavala G (Tecnologico de Monterrey,
North America), Bao L (Ohio State University, USA), Campos E (University of Vienna, Austria),
De Cock M (KU Leuven, Belgium), Barniol P (Tecnolégico de Monterrey, North America), and
Bitzenbauer P (Leipzig University, Germany). This information is very important for identifying
thought leaders or innovators in the field of CUPA. Authors with many publications and citations
typically demonstrate their deep expertise in a particular topic (Harvey et al., 2021; Oladinrin et
al., 2023). By analyzing author data, we can also see patterns of collaboration between authors,
which can indicate strong research networks and partnerships. These collaborations often improve
the quality and productivity of research, accelerate scientific progress, and open up new
opportunities for further research. Recognizing author profiles also helps new researchers identify
relevant mentors or collaborators.
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(Source: The results of data analysis using Biblioshiny)
Figure 6. The Most Relevant Authors
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Affiliation data is very important in bibliometric analysis because it provides an overview of the
institutions or research organizations that contribute significantly to publications in a particular
field. Knowing the authors' affiliations is useful for identifying leading institutions that are active
in research, which can be centres of excellence or valuable resources in a particular discipline or
research topic. In addition, this data also helps in understanding patterns of collaboration between
institutions, both locally and internationally. The data in Figure 7 shows that the most relevant
affiliation is the University of Minnesota in the United States (12 documents), followed by several
other affiliations from different countries, such as Germany, China, Austria, India, and South
Africa. By mapping affiliations, we can assess the strength of institutions in producing high-
quality research and understand the extent of each institution's contribution to the advancement
of science.

FRIEDRICH-ALEXANDER-UNIVERSITAT ERLANGEN-NORNBERG

HEFE| UNIVERSITY OF TECHNOLOGY

TSINGHUA UNIVERSITY

UNIVERSITY OF NATURAL RESOURCES AND LIFE SCIENCES VIENNA

Affiliations

INTER UNIVERSITY ACGELERATOR GENTRE (IUAC)

RHODES UNIVERSITY

SCHOOL OF CHEMISTRY AND CHEMICAL ENGINEERING

o © 0 o

UNIVERSITY OF PITTSBURGH

NORTHEASTERN UINIVERSITY

(Source: The results of data analysis using Biblioshiny)
Figure 7. The Most Relevant Affiliations

Figure 8 shows data on the most productive countries in research based on the number of
documents published. In this graph, the most dominant country in research is the United States
(USA), followed by South Africa and Germany. Other countries that contribute significantly to
research are China, Turkey, the United Kingdom, Australia, Italy, and several other European
countries.

The data in this graph is also differentiated based on two types of collaboration: Single Country
Publications (SCP) and Multiple Country Publications (MCP). SCP refers to publications
produced by researchers from a single country, while MCP reflects publications involving
collaboration between researchers from various countries. Some countries, such as the USA, are
more dominant in SCP, while other countries, such as South Africa, show a balance between the
two types of collaboration. This illustrates the importance of international collaboration in
increasing scientific productivity. Describing data on the most productive countries in research
provides global insights into who is leading the way in scientific development at the international
level. Countries that produce many publications demonstrate their research capacity, which is
often influenced by government policy, financial support, and good research infrastructure. In
addition, country data also reveals research gaps between developed and developing countries,
which can serve as a basis for policymakers to formulate more effective strategies. Collaboration
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between countries in this research is also very important in providing new perspectives according
to their respective expertise (Luthfiyah, 2025). Mapping country contributions also highlights
important patterns of international collaboration in promoting cross-border research and
enhancing global scientific productivity.
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(Source: The results of data analysis using Biblioshiny)
Figure 8. The Most Relevant Corresponding Author’s Countries

The Most Relevant Words about CUPA

The results of the VOSviewer analysis for network visualisation in the Context of CUPA are
shown in Figure 9, which illustrates the relationships between various topics or concepts related
to conceptual understanding in physics and astronomy. This visualization shows how these topics
are interconnected, with “conceptual understanding” at the center, forming the core of the research
discussed. This concept is the main focus of various studies exploring how knowledge in physics
and astronomy is understood by students and implemented in teaching. Related keywords such as

9 ¢

“students,” “misconceptions,” and “curriculum” indicate that conceptual understanding is greatly
influenced by the educational context, particularly in terms of how material is presented to
students, as well as common misconceptions that arise in physics learning. This is in line with
numerous studies, in which researchers focus on designing learning and restructuring the
curriculum as efforts to improve student learning outcomes and solve learning problems in the

classroom (Atarah et al., 2025; Nicholus et al., 2024; Yates & and Millar, 2016).

In addition, several color clusters were identified that reflect groups of related topics (Khan et al.,
2024; Sajovic & Boh Podgornik, 2022). One of the main clusters focuses on education, with
keywords such as “e-learning,” “computer-aided instruction,” and “mathematics education,”
indicating that teaching methods and the use of technology have a significant influence on the
understanding of concepts in physics. This cluster highlights the importance of innovative
pedagogical approaches in helping students grasp complex physics concepts. On the other hand,
there is also a cluster that focuses on physics and astronomy, with keywords such as “quantum
optics,” “quantum chemistry,” and “crystal structure,” which indicate the relationship between
conceptual understanding and more advanced scientific topics in physics and their application in
astronomical research.

310



Taqwa, et al Jurnal Pendidikan dan Ilmu Fisika (JPIF)
Vol. 05; No. 02; 2025; 300-319

Another important aspect is the close relationship between physics and astronomy, where
keywords such as “cosmology” and “galactic cosmic rays” indicate a strong connection between
the understanding of basic physics concepts and their application in astronomical studies. This
demonstrates that research in both fields is not solely focused on scientific theory but also on how
these theories are translated into practice and understood by students. Additionally, there is a clear
connection between technology and education, as seen in the cluster linking “artificial
intelligence” and “computer simulation,” which highlights the significant potential of technology
in enhancing students' learning experiences and understanding of physics and astronomy
concepts.

Overall, Figure 9 provides important information that conceptual understanding in physics and
astronomy is highly dependent on various factors, including pedagogical approaches, learning
technologies, and the connection between scientific theory and its application in an educational
context. In addition, this visualization also highlights how research in both fields continues to
evolve, with an increasing focus on the use of technology to help students build a deeper and more
comprehensive understanding of complex scientific concepts. In the research focus, it is also
apparent that the image does not show any network between “conceptual understanding” and
21st-century skills, such as critical thinking skills, creative thinking skills, communication skills,
and collaboration skills. This is certainly an important finding that points to the need for research
on the development of these skills in physics and astronomy, not just conceptual understanding
alone. Nevertheless, many studies have shown that conceptual understanding is correlated with
other thinking skills (Abaniel, 2021; Binkley et al., 2012).
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(Source: The results of data analysis using VOSviewer)
Figure 9. Network Visualization in The Context of CUPA
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The Focus of Future Research on CUPA Based on Trend Topics

The future research direction on the topic of CUPA can be seen based on the results of the Trend
Topics analysis generated by Bibioshiny in Figure 10. Several terms, such as “quantum optics,”
“curricula,” “crystal structure,” and “catalysis”, appear at the beginning of the period (around
2008-2012), but their frequency tends to be lower than that of other terms. This suggests that
while these topics are relevant in physics literature, their application in research related to
conceptual understanding may not have been as popular as other topics at that time. Over time,
several other terms, such as “artificial intelligence,” “physics education,” and “computation
theory,” began to show a significant increase in frequency from 2017 to 2020, with an even greater
peak. This reflects a growing interest in the integration of advanced technologies such as artificial
intelligence and computational theory in physics education and their application in physics and
astronomy research. Terms like “conceptual understanding” and “teaching” began showing a
clear upward trend around 2015 to 2024, with increasingly larger peaks, indicating that research
on conceptual understanding and teaching methods is gaining more attention in this field. Topics
related to “students,

EE TS

nanotechnology,” and “dynamics” also show a significant increase in
frequency, reflecting a greater focus on student education and applied research involving new
technologies.

Overall, the information in the image provides insights into how the field of conceptual
understanding in physics and astronomy has evolved, with an increasing interest in teaching and
the application of advanced technologies over time. Newer terms, such as “artificial intelligence”
and “conceptual understanding,” have become more prominent in the last decade, illustrating a
shift in focus toward more modern approaches to education and scientific research. Currently, Al
is also one of the research focuses in education that will continue to grow (Pham & Sampson,
2022; Schiff, 2022; Selwyn, 2022). Therefore, in the fields of physics and astronomy, there is a
need for research that explores the use of Al in learning and assessment.
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Figure 10. Trend Topics in The Context of CUPA

The results of the Biblioshiny analysis in Figure 10 are consistent with the output of the
VOSviewer analysis in Figure 11. The time trends indicated by color changes show that newer
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terms, such as “artificial intelligence” and “problem solving,” have begun to appear more clearly
in recent years, reflecting a growing interest in the use of advanced technology and problem-
solving approaches in physics education. Overall, the data indicates a shift in focus within physics
education toward the integration of technology and active learning techniques to enhance
conceptual understanding among students.
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Figure 11. Overlay Visualization in The Context of CUPA

Research Limitations

Although this article provides comprehensive insights into the development of research on
conceptual understanding in physics and astronomy (CUPA), there are several limitations that
need to be noted. Although the data used comes from the Scopus database, which is one of the
leading sources of data in bibliometric analysis, limited access to articles in languages other than
English may limit the scope of the research. This may overlook important contributions from
countries that publish more works in local languages. Furthermore, although this article uses
bibliometric analysis to explore publication trends, this analysis does not provide in-depth insights
into the methodologies or specific results of the existing research. Therefore, despite the large
number of articles recorded, a deeper understanding of how the research was conducted or the
results found is not explained in detail in this analysis. Another limitation is the limited analysis
period up to mid-2025. The decline in the number of publications in 2025, as seen in the data,
may be due to incomplete data or changes in research focus that have not yet been fully recorded.

Recommendations for Future Research

Future research should address several limitations of this study. One is the need to expand the
scope by considering publications in various languages, including non-English languages, to
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provide a more complete picture of global contributions to the understanding of concepts in
physics and astronomy. In addition, further research could expand the focus to explore not only
conceptual understanding, but also how these concepts can be integrated into critical thinking,
creative thinking, and problem solving skills, which are highly relevant 2 1st-century skills in the
context of physics and astronomy education.

One key suggestion is to further explore the role of artificial intelligence (Al) in helping to
improve conceptual understanding in physics and astronomy. While the trend toward using Al in
education has shown significant growth in recent years, much remains to be learned about how
Al can be used for more personalized and adaptive assessment and learning interventions. Future
research could explore various ways in which Al can be applied to support contextual learning in
physics and astronomy. On the other hand, more research could be conducted to identify gaps in
understanding among students in different countries or regions. This research could examine
factors that influence differences in conceptual understanding across education systems, including
the influence of different curricula and teaching approaches used at the global level. This research
could also expand the use of computer simulations and technology-based learning in improving
scientific concept understanding, as well as measure its effectiveness compared to traditional
learning methods.

Finally, although this article has identified the important contributions of countries and lead
authors, further research should examine in greater depth the international collaboration that has
taken place in CUPA research. Understanding how international cooperation can accelerate the
development of physics and astronomy education and conceptual understanding is crucial. Further
research could also consider the influence of culture and educational policies in shaping the
direction and quality of research in this field.

CONCLUSION

Research on concept understanding in physics and astronomy (CUPA) shows steady and
collaborative development between 2006 and 2025, with the number of publications continuing
to increase, especially during the period from 2017 to 2021. Despite fluctuations in the number
of publications each year, this topic remains a key focus for the scientific community, reflecting
its relevance and contribution to the advancement of knowledge. This research also highlights the
importance of international collaboration, with approximately 23% of the documents involving
cross-national collaboration, demonstrating the global dimension of this topic. Some of the main
contributors in this field include authors, affiliations, and highly productive countries, such as the
United States and South Africa, which play an important role in driving research progress.
Additionally, this research identifies that conceptual understanding is significantly influenced by
educational factors such as curriculum, teaching methods, and technology, with increasing
attention being paid to artificial intelligence (AI) in enhancing scientific conceptual
understanding.

Moving forward, further research should expand its scope by considering publications in
languages other than English to explore more diverse global contributions. Subsequent research
should also explore in greater depth the integration of conceptual understanding with critical
thinking, creativity, and problem-solving skills, which are increasingly important in 21st-century
education. Additionally, the use of Al in physics and astronomy education warrants further
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investigation, particularly in the context of personalized and adaptive assessment and learning
interventions. Finally, it is important to explore further international collaboration in CUPA
research and understand how such collaboration can accelerate the development of physics and
astronomy education globally.

REFERENCES

Abaniel, A. (2021). Enhanced conceptual understanding, 21st century skills and learning attitudes
through an open inquiry learning model in physics. Journal of Technology and Science
Education, 11(1), 30-43.

Abrar, M. F., Khan, M. S., Khan, I., Ali, G., & Shah, S. (2023). Digital Information Credibility:
Towards a Set of Guidelines for Quality Assessment of Grey Literature in Multivocal
Literature Review. Applied Sciences (Switzerland), 13(7).
https://doi.org/10.3390/app13074483

Aksnes, D. W., Langfeldt, L., & Wouters, P. (2019). Citations, Citation Indicators, and Research
Quality: An Overview of Basic Concepts and Theories. SAGE Open, 9(1).
https://doi.org/10.1177/2158244019829575

Aminuddin, M., Salman, Z., & Irawati, A. (2024). Multi-Representation Approach in Improving
1-Dimensional Kinematics Conceptual Understanding. Universal Education Journal of
Teaching and Learning, 1(2), 41-45. https://doi.org/10.63081/uejtl.v1i2.34

Asnaini. (2024). Students Conceptual Understanding of Energy : Classroom Action Research
with Contextual Learning. UEJTL: Universal Education Journal of Teaching and Learning,
1(1), 1-5. https://doi.org/10.63081/uejtl.v1il.1

Atarah, S. A., Martin, E., Florence Christianah, A., & and Amankwah, A. (2025). Improving the
Achievement of Learning Outcomes in Early Undergraduate Physics: A Case Study at a
University in Ghana. Africa Education Review, 1-24.
https://doi.org/10.1080/18146627.2025.2451425

Aydeniz, M., Pabuccu, A., Cetin, P. S., & Kaya, E. (2012). Argumentation and students’
conceptual understanding of properties and behaviors of gases. International Journal of
Science and Mathematics Education, 10(6), 1303—1324. https://doi.org/10.1007/s10763-
012-9336-1

Azizah, 7., Tagwa, M. R. A., & Assalam, I. T. (2020). Analisis Pemahaman Konsep Fisika Peserta
Didik Menggunakan Isntrumen Berbantukan Quizizz. Edu Sains Jurnal Pendidikan Sains
& Matematika, 82), 1-11. https://doi.org/10.23971/eds.v8i2.1707

Berger, J. M., & Baker, C. M. (2014). Bibliometrics: An Overview. Rajiv Gandhi University of
Health  Sciences  Journal — of  Pharmaceutical  Sciences,  4(3), 81-92.
https://doi.org/10.5530/rjps.2014.3.2

Binkley, M., Erstad, O., Herman, J., Raizen, S., Ripley, M., Miller-Ricci, M., & Rumble, M.
(2012). Defining Twenty-First Century Skills. In Assessment and teaching of 21st century
skills (Vol. 9789400723, pp. 1-345). Springer. https://doi.org/10.1007/978-94-007-2324-5

Boyarchuk, A. A., & Keldysh, L. V. (1999). From a physics laboratory to the department of
general physics and astronomy. Vestnik Rossijkoj Akademii Nauk, 69(6), 483—494.

315



Taqwa, et al Jurnal Pendidikan dan Ilmu Fisika (JPIF)
Vol. 05; No. 02; 2025; 300-319

Cetin, P. S. (2014). Explicit argumentation instruction to facilitate conceptual understanding and
argumentation skills. Research in Science & Technological Education, 32(1), 1-20.
https://doi.org/10.1080/02635143.2013.850071

Chamorro-Atalaya, O., Flores-Velasquez, C. H., Olivares-Zegarra, S., Davila-Ignacio, C., Flores-
Caceres, R., Arévalo-Tuesta, J. A., Cruz-Telada, Y., & Suarez-Bazalar, R. (2024).
Microlearning and Nanolearning in Higher Education: A Bibliometric Review to Identify
Thematic Prevalence in the COVID-19 Pandemic and Post-Pandemic Context. International
Journal of Learning, Teaching and Educational Research, 23(4), 279-297.
https://doi.org/10.26803/ijlter.23.4.15

Dewi, H. R., Mayasari, T., & Handhika, J. (2019). Increasing Creative Thinking Skills And
Understanding Of Physics Concepts Through Application Of Stem-Based Inquiry. Jurnal
Penelitian Pendidikan IPA, 4(1), 25-30.

Docktor, J. L., & Mestre, J. P. (2014). Synthesis of discipline-based education research in physics.
Physical Review Special Topics - Physics Education Research, 10(2), 1-148.
https://doi.org/10.1103/PhysRevSTPER.10.020119

Donthu, N., Kumar, S., Mukherjee, D., Pandey, N., & Lim, W. M. (2021). How to conduct a
bibliometric analysis: An overview and guidelines. Journal of Business Research,
133(April), 285-296. https://doi.org/10.1016/j.jbusres.2021.04.070

Ginzburg, V. L. (1999). What problems of physics and astrophysics seem now to be especially
important and interesting (thirty years later, already on the verge of XXI century)? Physics-
Uspekhi, 42(4), 353. https://doi.org/10.1070/PU1999v042n04 ABEH000562

Haghani, M. (2023). What makes an informative and publication-worthy scientometric analysis
of literature: A guide for authors, reviewers and editors. Transportation Research
Interdisciplinary Perspectives, 22(September), 100956.
https://doi.org/10.1016/j.trip.2023.100956

Hartini, T., Liliasari, S., Setiawan, A., & Ramalis, T. R. (2020). Enhancing Conceptual
Understanding and Critical-Thinking Skills Pre service of Physics Using Mechanics Multi-
Representation (MMR). International Journal of Scientific & Technology Research, 9(4),
2994-2998.

Harvey, W. S., Mitchell, V. W., Almeida Jones, A., & Knight, E. (2021). The tensions of defining
and developing thought leadership within knowledge-intensive firms. Journal of Knowledge
Management, 25(11), 1-33. https://doi.org/10.1108/JKM-06-2020-0431

Hassan, W., & Duarte, A. E. (2024). Bibliometric analysis: A few suggestions. Current Problems
in Cardiology, 49(8), 102640. https://doi.org/10.1016/j.cpcardiol.2024.102640

Huang, C., Yang, C., Wang, S., Wu, W., Su, J., & Liang, C. (2020). Evolution of topics in
education research: a systematic review using bibliometric analysis. Educational Review,

72(3), 281-297. https://doi.org/10.1080/00131911.2019.1566212

Hulland, J. (2024). Bibliometric reviews — some guidelines. Journal of the Academy of
Marketing Science, 52, 935-938. https://doi.org/10.1007/s11747-024-01016-x

Khan, D., Verma, M. K., & Yuvaraj, M. (2024). Cluster analysis and network visualization of
journals, authors, keywords, and themes of monkeypox research (1989-2022): an updated

316



Taqwa, et al Jurnal Pendidikan dan Ilmu Fisika (JPIF)
Vol. 05; No. 02; 2025; 300-319

bibliometric review. Library Hi Tech, 42(6), 1905-1929. https://doi.org/10.1108/LHT-12-
2022-0559

Kipper, L. M., Iepsen, S., Dal Forno, A. J., Frozza, R., Furstenau, L., Agnes, J., & Cossul, D.
(2021). Scientific mapping to identify competencies required by industry 4.0. Technology
in Society, 64, 101454, https://doi.org/https://doi.org/10.1016/j.techsoc.2020.101454

Kone, A., Sullivan, M., Senturia, K. D., Chrisman, N. J., Ciske, S. J., & Krieger, J. W. (2000).
Improving collaboration between researchers and communities. Public Health Reports,
115(2-3),243-248.

Li, J., Goerlandt, F., & Reniers, G. (2021). An overview of scientometric mapping for the safety
science community: Methods, tools, and framework. Safety Science, 134(September 2019).
https://doi.org/10.1016/j.ss¢1.2020.105093

Luthfiyah, I. (2025). Literature Review Trends and Directions in Online Learning Research in
Physics and Astronomy Education : A Bibliometric Analysis. UEJTL: Universal Education
Journal of Teaching and Learning, 2(1), 10-22. https://doi.org/10.63081/uejtl.v2il.41

Mutsvangwa, A. (2020). A study of student teachers’ misconceptions on uniform circular motion.
Journal of Physics: Conference Series, 1512(1), 12029. https://doi.org/10.1088/1742-
6596/1512/1/012029

Mwantimwa, K., & Kassim, M. (2023). Why does researchers’ collaboration matter in research
activities? Higher Education Quarterly, 77(4), 741-755.
https://doi.org/https://doi.org/10.1111/hequ.12431

Nicholus, G., Joseph, N., & and Muwonge, C. M. (2024). Evaluating video-based PBL approach
on performance and critical thinking ability among Ugandan form-2 secondary school
students. Cogent Education, 11(1), 2346040.
https://doi.org/10.1080/2331186X.2024.2346040

Norris, M., & Oppenheim, C. (2007). Comparing alternatives to the Web of Science for coverage
of the social sciences’ literature. Journal of Informetrics, 1(2), 161-169.
https://doi.org/https://doi.org/10.1016/}.j01.2006.12.001

Ojo, A. T. (2024). Examination of secondary school students’ conceptual understanding,
perceptions, and misconceptions about genetics concepts. Pedagogical Research, 9(1), 1-8.
https://doi.org/10.29333/pr/14095

Oladinrin, O. T., Arif, M., Rana, M. Q., & Gyoh, L. (2023). Interrelations between construction
ethics and innovation: a bibliometric analysis using VOSviewer. Construction Innovation,
23(3), 505-523. https://doi.org/10.1108/CI-07-2021-0130

Oya, A., Suharta, I. G. P., Lasmawan, I. W., Parmiti, D. P., Nyoman, 1., & Candiasa, I. M. (2024).
A Bibliometric Analysis of the Impact of Project-Based Assessment on Conceptual
Understanding in STEM Education. Journal of Science Learning, 7(3), 227-238.
https://doi.org/10.17509/js1.v713.69309

Page, M. J., McKenzie, J. E., Bossuyt, P. M., Boutron, 1., Hoffmann, T. C., Mulrow, C. D.,
Shamseer, L., Tetzlaff, J. M., Akl, E. A., Brennan, S. E., Chou, R., Glanville, J., Grimshaw,
J. M., Hrobjartsson, A., Lalu, M. M., Li, T., Loder, E. W., Mayo-Wilson, E., McDonald, S.,
... Moher, D. (2021). The PRISMA 2020 statement: An updated guideline for reporting

317



Taqwa, et al Jurnal Pendidikan dan Ilmu Fisika (JPIF)
Vol. 05; No. 02; 2025; 300-319

systematic reviews. International Journal of  Surgery, 88(March).
https://doi.org/10.1016/].ijsu.2021.105906

Passas, 1. (2024). Bibliometric Analysis: The Main Steps. Encyclopedia, 4(2), 1014-1025.
https://doi.org/10.3390/encyclopedia4020065

Pham, S. T. H., & Sampson, P. M. (2022). The development of artificial intelligence in education:
A review in context. Journal of Computer Assisted Learning, 38(5), 1408-1421.
https://doi.org/https://doi.org/10.1111/jcal.12687

Saha, S. K. (2002). Modern optical astronomy: technology and impact of interferometry. Reviews
of Modern Physics, 74(2), 551-600. https://doi.org/10.1103/RevModPhys.74.551

Sahara, L., Nafarudin, N., Fayanto, S., & Tairjanovna, B. A. (2020). Analysis of Improving
Students’ Physics Conceptual Understanding through Discovery Learning Models
Supported by Multi-representation: Measurement Topic. /ndonesian Review of Physics,
3(2), 57. https://doi.org/10.12928/irip.v3i2.3064

Sajovic, Irena, & Boh Podgornik, Bojana. (2022). Bibliometric Analysis of Visualizations in
Computer  Graphics: A Study. SAGE Open, 12(1), 21582440211071104.
https://doi.org/10.1177/21582440211071105

Schiff, D. (2022). Education for Al, not Al for Education: The Role of Education and Ethics in
National Al Policy Strategies. International Journal of Artificial Intelligence in Education,
32(3), 527-563. https://doi.org/10.1007/s40593-021-00270-2

Selwyn, N. (2022). The future of Al and education: Some cautionary notes. European Journal of
Education, 57(4), 620—631. https://doi.org/https://doi.org/10.1111/ejed. 12532

Sensoy, O., & Kocakusak, M. (2025). Investigation of Secondary School Students’ Conceptual
Understanding Levels in Astronomy Subjects According to Grade Levels. Malaysian Online
Journal of Educational Sciences, 13(1), 27-41.
http://mojes.um.edu.my/index.php/MOJES/article/view/59009

Sharma, G. S., Chintalapati, N., & Verma, P. (2024). A bibliometric analysis of social media use
for personal learning outcomes using biblioshiny & VOSviewer. International Journal of
System Assurance Engineering and Management. https://doi.org/10.1007/s13198-024-
02599-y

Suriano, R., Plebe, A., Acciai, A., & Fabio, R. A. (2025). Student interaction with ChatGPT can
promote complex critical thinking skills. Learning and Instruction, 95(April 2024), 102011.
https://doi.org/10.1016/j.learninstruc.2024.102011

Tania, R., Jumadi, & Astuti, D. P. (2020). The application of physics e-handout assisted by PBL
model use Edmodo to improve critical thinking skills and ICT literacy of high school
students. Journal of Physics: Conference Series, 1440(1). https://doi.org/10.1088/1742-
6596/1440/1/012037

Taqwa, M. R. A., & Faizah, R. (2016). Perlunya Program Resitasi dalam Meningkatkan
Penguasaan Konsep Dinamika Partikel Mahasiswa. Seminar Nasional Pembelajaran Ipa
Ke-1,  May, 482-487.  https://www.researchgate.net/profile/Muhammad-Taqwa-
3/publication/325357660 Perlunya Program Resitasi_dalam_ Meningkatkan Penguasaan
_Konsep Dinamika Partikel Mahasiswa/links/5b0763a3aca2725783e24d4a/Perlunya-

318



Taqwa, et al Jurnal Pendidikan dan Ilmu Fisika (JPIF)
Vol. 05; No. 02; 2025; 300-319

Program-Resitasi-dalam-Meningkatkan-Penguasaan-K

Taqwa, M. R. A., & Rivaldo, L. (2019). Pembelajaran Problem Solving Terintegrasi PhET:
Membangun Pemahaman Konsep Listrik Dinamis. Kwangsan: Jurnal Teknologi
Pendidikan, 07(01), 45-56. https://doi.org/http://dx.doi.org/10.31800/jtp.kw.v7n1.p45--56

Tagwa, M. R. A., Yusof, M. M. M., Pebriana, I. N., & Misbakhussuduri, A. (2022). Computer-
assisted recitation program: A focused study on students’ conceptual understanding on force
and motion. Momentum: Physics Education Journal, 7(1).
https://doi.org/10.21067/mpej.v7i1.6844

Tagwa, M. R. A., Zainuddin, A., & Riantoni, C. (2020). Multi representation approach to increase
the students’ conceptual understanding of work and energy. Journal of Physics: Conference
Series, 1567(3). https://doi.org/10.1088/1742-6596/1567/3/032090

Wahyuni, 1. H., & Taqwa, M. R. A. (2022). Level of Students Conceptual Understanding and
Resource Theory View: Geometric Optics. International Journal of Education and
Teaching Zone, 1(2), 146—158. https://doi.org/10.57092/ijetz.v1i2.38

Wandi, W., Mardianti, F., Suwarma, 1. R., & Liliawati, W. (2023). Theory and Practice of
Conceptual Understanding in Physics Education: A Literature Review and Bibliometric
Analysis of the Recent Decades. Kasuari: Physics Education Journal (KPEJ), 6(2), 107—
117. https://doi.org/10.37891/kpej.v6i2.483

Yates, L., & and Millar, V. (2016). ‘Powerful knowledge’ curriculum theories and the case of
physics. The Curriculum Journal, 27(3), 298-312.
https://doi.org/10.1080/09585176.2016.1174141

Zafar, L., Masood, N., Hadi, F., & Ahmed, S. (2024). Analyzing Paper Citation Trend of Popular
Research Fields. Journal of Computing & Biomedical Informatics, 06(02).
https://doi.org/10.56979/602/2024

Zamani, M. Z., & Suyudi, A. (2024). Analysis of Student Learning Difficulties in Blended

Learning in Classical Mechanics Course. UEJTL: Universal Education Journal of Teaching
and Learning, 1(2), 30-34. https://doi.org/10.63081/uejtl.v1i2.32

319



