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Abstract: This paper aims to analyze the scientific trend of research on the 
impact of virtual laboratories on STEM-based science learning and their 
influence on students' science process skills through bibliometric study and 
to explore how the contribution of Indonesian researchers in the Scopus 
database from 2020 to 2024. The sample was composed of 7 documents in 
total. The results revealed that scientific publication on the impact of virtual 
laboratories on STEM-based science learning and their influence on 
students' science process skills has been increasing. In the last five years, 
seven countries have contributed to writing journal articles related to on the 
impact of virtual laboratories on STEM-based science learning and their 
influence on students' science process skills. The seven countries are 
Indonesia, Brazil, Rwanda, Zimbabwe, the United States, Spain, and Mexico. 
There is one journal from Indonesia that discusses on the impact of virtual 
laboratories on STEM-based science learning and their influence on 
students' science process skills in the last five years, namely a journal written 
by Usman et al. (2021) and published in the Journal of Physics: Conference 
Series, Yogyakarta State University, Indonesia. The research findings could 
aid related researchers to recognize the trend of impact of virtual 
laboratories on STEM-based science learning and their influence on 
students' science process skills research globally and recommend directions 
for further research. 
 
Keywords: Bibliometric study; Science process skill; STEM; Virtual 

laboratories. 

  

Introduction  
 

The integration of technology in education has 
significantly transformed the teaching and learning 
process, particularly in STEM (Science, Technology, 
Engineering, and Mathematics) disciplines (Zhan & Niu, 
2023). Among these advancements, virtual laboratories 

have emerged as an innovative solution to enhance 
experiential learning in science education (Chan et al., 
2021). Virtual laboratories offer interactive and 
immersive environments that simulate real-world 
scientific experiments, enabling students to explore 
concepts beyond traditional methods (Verawati & 
Purwoko, 2024). The flexibility and accessibility of these 
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tools make them highly suitable for modern educational 
needs, especially in contexts where resources and 
physical laboratories are limited (Ali, 2020). As a result, 
they have gained increasing attention from researchers 
and educators worldwide for their potential to improve 
science process skills and engagement (Onu et al., 2024). 

Science, Technology, Engineering, and 
Mathematics education plays a critical role in preparing 
students for the demands of the 21st century, fostering 
creativity, problem-solving skills, and interdisciplinary 
knowledge (AlAli, 2024). Science, as a core component 
of STEM, requires a strong emphasis on practical 
experiences to develop critical thinking and 
investigative abilities (Hacıoğlu & Gülhan, 2021). 
However, traditional laboratory setups often face 
challenges such as cost, safety concerns, and limited 
access (Bhute et al., 2021). Virtual laboratories, 
integrated with STEM frameworks, address these 
challenges by providing a cost-effective and scalable 
alternative (Alnagrat et al., 2022). This makes them a 
pivotal resource for advancing science education and 
equipping students with the skills needed for future 
scientific inquiry and innovation (Aithal & Maiya, 2023). 

Science process skills are essential competencies 
that allow students to engage in scientific inquiry 
effectively (Chen et al., 2020). These skills include 
observation, experimentation, data analysis, hypothesis 
formulation, and critical evaluation (Jamil et al., 2024). 
Virtual laboratories support the development of these 
skills by offering realistic simulations of scientific 
phenomena (Groenewald et al., 2024). By engaging with 
these platforms, students can actively participate in 
designing experiments, manipulating variables, and 
analyzing outcomes, fostering a deeper understanding 
of scientific concepts (Ateş & Köroğlu, 2024). The impact 
of virtual laboratories on enhancing these skills has 
become a focal point for research, especially in 
understanding how they contribute to student 
achievement in STEM education (Sellberg et al., 2024). 

Bibliometric analysis is a powerful method for 
evaluating research trends, identifying key contributors, 
and mapping the landscape of academic disciplines 
(Hassan & Duarte, 2024). By analyzing publication 
outputs, citations, and keywords, researchers can 
uncover patterns and insights that guide future studies 
(Klarin, 2024). In the context of virtual laboratories in 
STEM education, bibliometric analysis provides 
valuable data on how these tools are being studied 
globally, the impact of such studies, and the evolution of 
research themes over time (Lopes et al., 2024). This 
approach also highlights the geographical distribution 
of research efforts, shedding light on the contributions 
of various countries and institutions to this growing 
field (Ikhwani et al., 2024). 

Over the past decade, there has been a noticeable 
increase in studies focusing on virtual laboratories in 
STEM education (Deriba et al., 2024). Researchers have 
explored diverse aspects, including their design, 
implementation, and impact on learning outcomes 
(Fakhri et al., 2024). Emerging themes indicate a shift 
toward integrating artificial intelligence and machine 
learning to enhance interactivity and personalization in 
virtual laboratories (Moemeke, 2024). Additionally, 
studies have started to address the role of these tools in 
promoting equity in education, ensuring students from 
underprivileged backgrounds have access to quality 
STEM learning experiences (Gichuru, 2024). These 
trends signify a dynamic research area that continues to 
evolve with technological advancements (Al Hamad et 
al., 2024). 

Indonesia, as a developing nation, has shown 
growing interest in leveraging virtual laboratories for 
science education (Ramadhani et al., 2024). Several 
studies have been conducted to assess their effectiveness 
in improving science process skills and bridging gaps in 
resource availability (Dwivedi et al., 2024). The 
government's emphasis on STEM education and digital 
transformation has further accelerated research and 
implementation efforts (AlAli & Wardat, 2024). Despite 
challenges such as digital literacy and infrastructure 
limitations, Indonesian researchers and institutions have 
made notable contributions to the global discourse on 
virtual laboratories. Their work often incorporates 
unique cultural and educational contexts, adding 
diversity and depth to the body of knowledge in this 
field (Nash et al., 2024). 

This study aims to analyze the research trends in 
virtual laboratories based on STEM education in science 
learning from 2020 to 2024. By employing bibliometric 
analysis, the study seeks to uncover patterns, key 
contributors, and thematic developments in this 
domain. Particular attention is given to the impact of 
virtual laboratories on science process skills and the 
contributions of Indonesian researchers to the global 
research landscape. The findings are expected to provide 
valuable insights for educators, policymakers, and 
researchers, guiding the future development and 
implementation of virtual laboratories to enhance 
science education worldwide. 

This study focused on the research trends in virtual 
laboratories based on STEM in science learning and their 
impact on science process skills through bibliometric 
analysis (2020-2024) and the contribution of Indonesia 
with six research questions: 
a) To what extent is the profile of publication output on 
virtual laboratories based on STEM in science learning 
during 2020-2024? 
b) How is the distribution of publications on virtual 



Jurnal Penelitian Pendidikan IPA (JPPIPA) May 2025, Volume 11, Issue 5, 144-151 

 

146 

laboratories based on STEM across countries and 
institutions in the world? 
c) Who are the leading authors in researching virtual 
laboratories based on STEM in science learning? 
d) What are the visualization results of research trends 
on virtual laboratories based on STEM in science 
learning and their impact on science process skills? 

 

Method  
 
The study adhered to the principles of bibliometric 

analysis as outlined by previous researchers (Dong et al., 
2012; Kulakli & Osmanaj, 2020; Yang et al., 2017). The 
first author has extensive experience in conducting 
bibliometric studies (Suprapto et al., 2021). For this 
study, the Scopus database was selected as the primary 
source, given its extensive collection of journals and 
conference proceedings, which are highly regarded by 
the scientific community for their reliability, relevance, 
and consistent publication standards. The research 
process began with an online search conducted from 
June 1 to June 7, 2024. The step-by-step methodology is 
presented in Figure 1. To identify relevant literature, the 
researchers used the search query "Virtual Laboratories 
STEM Science Learning" in the title, keywords, and 
abstract fields, focusing on the publication period 
between 2020 to 2024. 

 

 

Figure 1. Five steps in conducting bibliometric analysis 
(Masitoh et al., 2021; Schmeisser, 2013; Setyaningsih, 2018) 

 

A total of 7 documents met the filtering criteria out 
of 16 documents identified during the entire search 
period (see Figure 2). This selection highlights the 
rigorous process of refining the dataset to ensure only 
relevant and high-quality records were included for 
analysis. The data were saved in .ris and .csv formats, 
providing flexibility for subsequent analytical tasks and 
ensuring compatibility with various tools. These records 
were then processed using a combination of software for 
bibliometric and network analysis, with Microsoft Excel 
playing a central role in organizing and visualizing the 
data (Juandi et al., 2024). 

 

 
Figure 2. Illustration of initial and refinement search 

 
Result and Discussion 
 
Sublication Output, Document Sources, and Language 
Sources 

A total of 7 journal documents were identified from 
the Scopus database during the period of 2020 to 2024. 
The publication output, as shown in Figure 1, 
experienced fluctuations across these years. In 2020, only 
1 document was published, followed by an increase to 2 

Search term 
definition 

Initial search 
outcomes 

Search 
refinement 

Compiling the 
initial data 
statistics 

 

Data analysis 
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documents in 2021. However, no publications were 
recorded in 2022, reflecting a temporary decline in 
research activity. The number of documents increased 
again to 2 publications in both 2023 and 2024, 
demonstrating a recovery and stabilization in output. 
All 7 documents came exclusively from journal sources, 
with no contributions from books, conference 
proceedings, or other document types. Furthermore, 
English was the sole language used in all the identified 
documents, highlighting the global accessibility and 
consistency of the research publications during this 
period. The data also suggests a stabilization in research 
output during the most recent years (2023–2024), 
reflecting renewed research activity in the field. 
 

 
Figure 3. The number of documents on the last five years 

(2020-2024) 

 
Publication Distribution of Countries and Institutes 

Based on the data provided, each country 
contributed equally, producing 1 article each. Indonesia, 
Brazil, Rwanda, Zimbabwe, the United States, Spain, 

and Mexico all demonstrated uniform contributions 
with no single country showing dominance over the 
others. This equal distribution highlights a balanced 
effort among these nations, without any country 
exhibiting a higher level of production or growth during 
the observed period. The data reflects a trend of 
uniformity rather than disparity in contributions across 
all represented countries. 

 
Figure 4. Number of documents based on countries 2020-2024 

Based on the data of Virtual Laboratories in STEM 
Science Learning and their impact on Science Process 
Skills from 2020 to 2024, contributions were distributed 
evenly across various institutions. Universitas Negeri 
Yogyakarta (Indonesia), Universitas Federal Santa 
Catarina (Brazil), Universitas Rwanda (Rwanda), and 
Universitas Great Zimbabwe (Zimbabwe) each 
contributed one document. Similarly, Universidad 
Autónoma de Guadalajara (Mexico), Purdue University 
and University of Louisville (United States), as well as 
Universitas Salamanca, University of Leon (Spain), and 
Instituto Politécnico de Bragança (Portugal) also 
produced one document each. This uniform distribution 
of documents highlights a balanced participation from 
institutions across different countries. No single 
institution or country demonstrated dominance, 
reflecting a shared interest and effort in the exploration 
of virtual laboratories in STEM education globally. 
 
Table 1. Number of documents of  Virtual Laboratories 
Based on STEM in Science Learning and Their Impact on 
Science Process Skills (2020-2024) across institution 

Institution Number of 
Documents 

Universitas Negeri Yogyakarta, 
Indonesia 

1 

Universitas Federal Santa Catarina, Brasil 1 
Universitas Rwanda, Rwanda 1 
Universitas Great Zimbabwe, Zimbabwe 1 
Universidad Autónoma de Guadalajara, 
Meksiko 

1 

Purdue University dan University of 
Louisville, Amerika Serikat 

1 

Universitas Salamanca (Spanyol), 
University of Leon (Spanyol), and 
Instituto Politécnico de Bragança 
(Portugal) 

1 

 
Top Authors in Researching of ethnoscience 

Based on the data of top authors researching virtual 
laboratories in STEM science learning and their impact 
on science process skills from 2020 to 2024, all listed 
authors contributed equally with one document each. 

Authors such as Aqlan Faisal, Asunda Paul, Azzam 
Israa, and Bilessimo Simone, among others, showed 
balanced contributions. The uniform output indicates no 
dominant researcher or group, reflecting a collaborative 
effort across various individuals. Researchers like Breidi 
Farid, Campos-Rodríguez Armando, Conde Miguel A, 
and Garcia-Penalvo Francisco Jose also contributed to 
the global effort in exploring this field. This even 
distribution highlights a widespread and collective 
interest in advancing research on virtual laboratories 
and STEM education. 
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Figure 5. Authors in researching of Virtual Laboratories 
Based on STEM in Science Learning and Their Impact on 

Science Process Skills (2020-2024) 

 
Table 2. Top citation of article of all years 

Author (s) Journal ∑ citations 

Nungu et al. 
(2023) 

Education and Information 
Technologies 

25 

Silva et al. 
(2020) 

Journal of Information 
Technology Education: 

Research 

18 

Usman & 
Huda (2021)) 

Journal of Physics: 
Conference Series 

17 

Mamani et al. 
(2021) 

SIIE 2021 - 2021 
International Symposium 

on Computers in 
Education 

8 

Zárate-
Navarro et al. 
(2024) 

Education for Chemical 
Engineers 

1 

Chapungu et 
al. (2023) 

COVID-19 in Zimbabwe: 
Trends, Dynamics and 

Implications in the 
Agricultural, 

Environmental and Water 
Sectors 

0 

Azzam et al. 
(2024) 

ASEE Annual Conference 
and Exposition, 

Conference Proceedings 

0 

 
Visualization of Research Trends on ethnoscience based on 
bibliometrix Software 

Among those 7 papers related to virtual 
laboratories in STEM science learning and their impact 
on science process skills research in the Scopus database, 
the researchers visualized the research trends on this 
topic assisted with bibliometrix software. The image 
represents a network visualization of research trends 
related to virtual laboratories based on STEM in science 
learning and their impact on science process skills from 
2020 to 2024. The visualization is divided into three 
clusters, indicated by the green, red, and blue nodes, 

each representing specific research focuses. The green 
cluster highlights research themes related to learning 
systems, simulation, and information and 
communication technologies, indicating a strong link to 
technological applications supporting e-learning. The 
red cluster is more centralized around the keywords e-
learning, virtual lab, and laboratories, showing its 
connection to science education and virtual 
environments. This central position suggests that 
research on virtual labs bridges the integration of 
technology and educational systems, emphasizing its 
role in enhancing science learning outcomes. 

 

 
Figure 6. Network visualization of research trends related to 
virtual laboratories based on STEM in science learning and 

their impact on science process skills from 2020 to 2024. 
 

The blue cluster focuses on engineering education, 
STEM (science, technology, engineering, and 
mathematics), and related themes like mixed reality, 
research studies, and fluid power, reflecting the 
connection to advanced engineering research and 
applied sciences. The presence of emotional intelligence 
and ergonomics indicates an emerging focus on human 
factors and learning effectiveness in virtual lab 
applications. The links between clusters emphasize 
interdisciplinary research, where technology, 
engineering, and education converge to improve science 
learning and process skills. Overall, the visualization 
reveals that virtual laboratories in STEM education have 
fostered interconnected research domains, 
demonstrating their critical role in integrating 
innovation, e-learning systems, and science process skill 
development. 

 
Conclusion  

 
In this work, the authors used bibliometric methods 

to analyze research trends on the impact of virtual 
laboratories in STEM-based science learning and their 
influence on students' science process skills from 2020 to 
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2024. The study identified significant contributions from 
seven countries: Indonesia, Brazil, Rwanda, Zimbabwe, 
the United States, Spain, and Mexico, with each country 
producing one document. Indonesia made its 
contribution through a study conducted by Usman et al. 
(2021), which was published in the Journal of Physics: 
Conference Series from Universitas Negeri Yogyakarta. 
This research highlights the importance of virtual 
laboratories in enhancing students' science process 
skills, such as experimentation, observation, and data 
analysis, while also improving learning outcomes. The 
bibliometric analysis revealed a balanced global interest 
in virtual laboratories, providing valuable insights into 
their educational impact and setting directions for future 
research in STEM learning innovation. 
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