Journal of Advanced Research in Applied Sciences and Engineering Technology 60, Issue 2 (2026) 103-123

SEMARAK ILMU https://semarakilmu.com.my/journals/index.php/applied_sciences_eng_tech/index

PUBLISHING

Sciences and Engineering Technology

Journal of Advanced Research in Applied

ENGINEERING TECHNOLOGY

Journal homepage:

ISSN: 2462-1943

Virtual Laboratory and Artificial Intelligence in Science Education:
Bibliometric Analysis Based on Scopus Source

Tarpin Juandi*4, Ida Kaniawati®*, Achmad Samsudin?, Lala Septem Riza3

2w oN e

Pendidikan [Imu Pengetahuan Alam, Universitas Pendidikan Indonesia, Kota Bandung, Jawa Barat 40154, Indonesia
Pendidikan Fisika, Universitas Pendidikan Indonesia, Kota Bandung, Jawa Barat 40154, Indonesia

Pendidikan llmu Komputer, Universitas Pendidikan Indonesia, Kota Bandung, Jawa Barat 40154, Indonesia
Pendidikan Fisika, Universitas Hamzanwadi, Kabupaten Lombok Timur, Nusa Tenggara Barat 83611, Indonesia

ABSTRACT

Keywords:
Artificial intelligence; Science education;
virtual laboratory; VOSviewer

This study examines the development of research related to virtual laboratories and
artificial intelligence in education. With the assistance of VOSviewer, this study aims to
conduct computational mapping on bibliometric data of articles on the keywords:
artificial intelligence, virtual laboratories, and education. The method used in this
research is bibliometric analysis using VOSviewer. Article data obtained from Scopus-
based data, article titles, and abstracts are used to guide the search process by referring
to the keywords "laboratorium virtual" and "artificial intelligence in education". It
found 359 allegedly relevant articles. The study period used as study material in this
study was for the last 5.5 years, namely from 2018 to June 2023. The results of
laboratorium virtual and artificial intelligence research in education can be separated
into 3 terms, namely artificial intelligence, laboratorium virtual, and education. The
term artificial intelligence has 304 links with a total link strength of 12065, the term
Laboratorium virtual has 416 links with a total link strength of 5451 links with an
accuracy of 212 terms, and the term education has 399 links with a total link strength
of 3142 accuracies of 113. The analysis results indicate a significant increase in research
related to virtual laboratories and artificial intelligence in education over the past four
years. However, the relationship between virtual laboratories and artificial intelligence
in education is still relatively rare. In fact, there is no existing relationship between
virtual laboratories and artificial intelligence. Based on this information, the
opportunity for developing research on virtual laboratories based on artificial
intelligence in the field of education is substantial.

1. Introduction

Virtual laboratories are exact duplicates of genuine laboratories that can enhance the learning
process in the same way [1-3]. Virtual laboratories have evolved alongside the advancement of
science and technology [4]. They have become one of the favoured choices for performing virtual
experiments [5]. Especially in specific domains like medicine, pharmacy, and chemistry, virtual
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laboratories are frequently used as a first step before doing real laboratory experiments. This serves
as an initial introduction to prepare for practical laboratory work, aiming to reduce the likelihood of
mistakes during actual laboratory procedures. Virtual laboratories are occasionally employed as
alternatives to actual laboratories [6,7]. In the modern era, the limitations of laboratory equipment
continue to be a classic argument for some educational institutions to refrain from conducting
practical experiments. These limitations stem from various reasons, ranging from budget constraints
to the unavailability of equipment for specific practical topics. These constraints will continue to pose
challenges for educational institutions in achieving their desired competency targets. Many
educational institutions find themselves in similar situations, especially those located in remote areas
far from government centres [8].

Nevertheless, this does not mean that there are no solutions to these issues. Researchers and
educational practitioners are continuously innovating to address every challenge that arises. The
advent of digitization offers a new hope to address some of the existing challenges, one of which is
the limitation of laboratory access [9-11]. Digital technology can serve as a source of innovation in
the creation of virtual laboratories, and it can even surpass the capabilities of physical laboratories.
Equipment that is not physically available can be replicated through digital sophistication.
Consequently, virtual laboratories can complement the limitations of physical laboratory equipment
[12]. Therefore, the existence of virtual laboratories can minimize the concerns of educators in
facilitating hands-on learning for students.

Lately, the online world has been abuzz with the emergence of various applications that harness
artificial intelligence [13-15]. Some of these artificial intelligences include Copy.Al, Lalai.Al, ChatGPT,
DALL-E2, Luminar Al, Oracel Al, and the like [16,17]. These various artificial intelligence applications
can be integrated into other applications to streamline human affairs [18]. Artificial intelligence
mimics the decision-making processes of humans, enabling machines to handle certain human tasks
through the application of artificial intelligence. In the realm of education, particularly in the learning
process, artificial intelligence can be leveraged to facilitate the smooth flow of teaching and learning
[19].

On the other hand, the development of educational media in the form of virtual laboratories
continues to undergo refinements [20]. Both fields, artificial intelligence, and virtual laboratories, are
highly relevant to the current educational needs. Education must undergo acceleration in the
learning process so that learners are better prepared to face various challenges. One way to expedite
the learning process is by incorporating technology into the heart of the learning process. Therefore,
it is not impossible that the integration of artificial intelligence into the development of virtual
laboratories will be the focus of researchers and educational practitioners in the future.

Research in the fields of virtual laboratories, artificial intelligence, and social humanities is
currently progressing independently. However, there may be constructive intersections among these
fields. Therefore, a technique of analysis is required to both blend and identify the interconnections
among these intersections. One analysis technique that can help connect the intersections of various
research outcomes is bibliometric analysis. Bibliometrics is a statistical analysis tool for specific
sources such as articles, books, or other publications [21]. Bibliometric analysis identifies objects by
analysing data on the number of authors and their publications [22]. This tool can identify specific
keywords entered as input, resulting in outputs like research teams, institutions, references, and
publication types [23].

Many studies employ bibliometric analysis techniques, such as bibliometric analysis in the field
of health [24], agriculture [25], economics [26,27], business [28], social humanities [29], science [30],
technology [31], politics [32], special needs education, secondary education, higher education,
instructional media, virtual laboratories [30,33]. However, bibliometric research mapping the
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relationships between virtual laboratories, artificial intelligence, and science education has not been
conducted, especially bibliometric analysis spanning the period from 2018 to 2023 using the
VOSviewer application. Detailed information for the bibliometric is shown in Table 1.

Table 1

Previous studies on bibliometric

No Title Ref.

1 Involving Particle Technology in Computational Fluid Dynamics Research: A Bibliometric Analysis [34]

2 Bibliometric Computational Mapping Analysis of Trend Metaverse in Education using VOSviewer [35]

3 The Use of Information Technology and Lifestyle: An Evaluation of Digital Technology Intervention for [36]
Improving Physical Activity and Eating Behaviour

4 How language and technology can improve student learning quality in engineering? definition, factors [37]
for enhancing students’ comprehension, and computational bibliometric analysis

5 Mapping of nanotechnology research in animal science: Scientometric analysis [38]

6 Scientific research trends of flooding stress in plant science and agriculture subject areas (1962-2021) [39]

7 Introducing ASEAN Journal of Science and Engineering: A bibliometric analysis study [40]

8 A bibliometric analysis of chemical engineering research using VOSviewer and its correlation with Covid-  [41]
19 pandemic condition

9 A bibliometric analysis of materials research in Indonesian journal using VOSviewer [42]

10 Bibliometric analysis of engineering research using VOSviewer indexed by google scholar [43]

11 Bibliometric computational mapping analysis of publications on mechanical engineering education using  [44]
VOSviewer

12 Research trend on the use of mercury in gold mining: Literature review and bibliometric analysis [45]

13 Domestic waste (eggshells and banana peels particles) as sustainable and renewable resources for [46]
improving resin-based brakepad performance: Bibliometric literature review, techno-economic analysis,
dual-sized reinforcing experiments, to comparison with commercial product

14  Bibliometric analysis of educational research in 2017 to 2021 using VOSviewer: Google scholar indexed [47]
research

15 Corncob-derived sulfonated magnetic solid catalyst synthesis as heterogeneous catalyst in the [48]
esterification of waste cooking oil and bibliometric analysis

16 The compleat lextutor application tool for academic and technological lexical learning: Review and [49]
bibliometric approach

17 Use of blockchain technology for the exchange and secure transmission of medical images in the cloud: [50]
Systematic review with bibliometric analysis.

18 Computational bibliometric analysis of research on science and Islam with VOSviewer: Scopus database [51]
in 2012 to 2022.

19 Digital transformation in special needs education: Computational bibliometrics. [52]

20 Antiangiogenesis activity of Indonesian local black garlic (Allium Sativum ‘Solo): Experiments and [53]
bibliometric analysis.

21 Characteristics of tamarind seed biochar at different pyrolysis temperatures as waste management [54]
strategy: experiments and bibliometric analysis.

22 The compleat lextutor application tool for academic and technological lexical learning: Review and [55]
bibliometric approach.

23 Corncob-derived sulfonated magnetic solid catalyst synthesis as heterogeneous catalyst in the [56]

esterification of waste cooking oil and bibliometric analysis.

Therefore, this research is focused on mapping the connections between virtual laboratories,

artificial intelligence, and education through the aid of VOSviewer. All data sources under study in
this research are indexed by Scopus and obtained from the website https://www.scopus.com/. The
articles with the highest citations from these data sources can be found in Table 2.
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Table 2

The top citations from the collected data

No. Authors Document title Years Cited Ref

1 Chenetal., Artificial Intelligence in Education: A Review 2020 206 [57]

2 Mirchi et al., The virtual operative assistant: An explainable artificial 2021 78 [58]
intelligence tool for simulation-based training in surgery
and medicine

3 Yangetal, Human-centred artificial intelligence in education: Seeing 2021 74 [59]
the invisible through the visible

4 Ouyang and Jiao Artificial intelligence in education: The three paradigms 2021 55 [60]

5 Husnaini and Chen Effects of guided inquiry virtual and physical laboratorieson 2019 50 [61]
conceptual understanding, inquiry performance, scientific
inquiry self-efficacy, and enjoyment

6 Salmerén-Manzano The higher education sustainability through virtual 2018 47 [33]

and Manzano-Agugliaro laboratories: The Spanish University as case of study

7 Cheong and Koh Integrated laboratorium virtual in engineering mathematics 2019 36 [62]
education: Fourier theory

8 Khosravi et al., Explainable Artificial Intelligence in education 2022 36 [17]

9 El Kharki et al., Design and implementation of a laboratorium virtual for 2021 25 [63]
physics subjects in Moroccan universities

10 Koliletal, Virtual experimental platforms in chemistry laboratory 2020 25 [64]
education and its impact on experimental self-efficacy

11 Tobarraetal., Students' acceptance and tracking of a new container-based 2020 25 [65]
laboratorium virtual

12 Altalbe, A.A. Performance Impact of Simulation-Based Laboratorium 2019 19 [66]
virtual on Engineering Students: A Case Study of Australia
Virtual System

13 Yuand Wiedmann Implementing hybrid LCA routines in an input—output 2018 19 [67]
laboratorium virtual

14  Asrafetal., Computer assisted e-laboratory using LabVIEW and 2018 19 [6]
internet-of-things platform as teaching aids in the industrial
instrumentation course

15 Munawaretal, Move to smart learning environment: Exploratory research 2018 19 [68]
of challenges in computer laboratory and design intelligent
laboratorium virtual for eLearning technology

16  Paek and Kim Analysis of worldwide research trends on the impact of 2021 18 [69]
artificial intelligence in education

17  Yusuf and Widyaningsih Implementing e-learning-based laboratorium virtual media 2020 17 [70]
to students' metacognitive skills

18  Khairudin et al,, Mobile virtual reality to develop a virtual laboratorium for 2019 16 [71]
the subject of digital engineering

19 YeeChungetal, Artificial Intelligence in education: Using heart rate 2021 15 [72]
variability (HRV) as a biomarker to assess emotions
objectively

20 Lameras and Arnab Power to the Teachers: An Exploratory Review on Artificial 2022 14 [73]

Intelligence in Education

The research presented in Table 2 is all related to the keywords: artificial intelligence, virtual
laboratories, and education. Among these three keywords, the most frequently co-occurring
keywords in a single research topic are artificial intelligence with education and virtual laboratories
with education. However, there are no instances of the keyword’s artificial intelligence and virtual
laboratories co-occurring. Based on the description above and to further strengthen the relationship
between these three keywords, this research aims to conduct a computational mapping of
bibliometric data on the keyword'’s artificial intelligence, virtual laboratories, and education with the
assistance of VOSviewer. The method used in this research is bibliometric analysis using the
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VOSviewer application. The research stages include data harvesting, data visualization, and data
analysis. The novelty of this research lies in mapping the relationship between the keyword’s artificial
intelligence and virtual laboratories in education from 2018 to 2023. It is hoped that the results of
this research can serve as a reference for future research to align with current trends, especially in
higher education.

2. Methodology

This research employed bibliometric analysis methods, with the primary data source derived from
the Scopus database. The selection of this source was based on its open access availability.
Additionally, the articles obtained from this source were of unquestionably high credibility. Article
credibility was, in part, determined by stringent article selection mechanisms and indexing systems.
Scopus, as one of the world's reputable indexing institutions, is beyond doubt. The various stages
conducted in this research can be observed in Figure 1. Detailed information regarding bibliometric
is shown elsewhere [74,75].

¢ Data collecting from scopus
¢ The website use is https://www.scopus.com/
* Period: 2018-2023

* Keyword: artificial intelligence, education, and
data virtual laboratory

Harvesting

¢ Bibliometric analisis using VOSviewer
Ve ey * Co-Occurance analysis

data

* Deskriptive analysis
* Network visualization
¢ Density visualization
* Overlay visualization

Data analysis

Fig. 1. Research procedure
2.1 Harvesting Data

At this stage, data collection was conducted, and the data collected was entirely sourced from
Scopus, accessed through the website https://www.scopus.com/ using the keywords artificial
intelligence, virtual laboratory, and education. The data retrieved consisted of published articles from
2018 to 2023. A total of 359 relevant articles, as per the keywords, were exported in two file formats:
the research information system (*.ris) and comma-separated value format (*.csv).
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2.2 Visualization Data

The data stored in the (*.ris) format was then imported into the VOSviewer application for
analysis. The analysis results included three variations of publication mapping visualization: network
visualization, overlay visualization, and keyword density visualization.

2.3 Analysis Data

The visualizations obtained in the previous stage was analysed in this phase. The analysis was
related to network visualization, overlay visualization, and keyword density visualization.

3. Results and Discussion
3.1. Research Development in the Laboratorium Virtual and Artificial Intelligence in Education

Based on data retrieved from the https://www.scopus.com website, 359 relevant articles
meeting the research criteria were obtained. The collected data consists of article metadata,
including the author's name, article title, publication year, journal name, publisher name, citation
count, article links, and URLs. Figure 2 illustrates the fluctuation in the development of research
related to virtual laboratories and artificial intelligence in education published in Scopus-indexed
journals. These articles were published between 2018 and 2023. In 2018, a total of 38 relevant
articles were found, 45 in 2019, 56 in 2020, 82 in 2021, 97 in 2022, and up to mid-2023, 39 relevant
articles have been published.

Based on the analysis of the collected article data, it is evident that research on virtual
laboratories and artificial intelligence in education is still relatively rare [76]. Furthermore, there is
no networking relationship between artificial intelligence and virtual laboratories within this dataset.
Research on virtual laboratories and artificial intelligence in education has seen a significant increase,
especially in the years 2020, 2021, and 2022. We predict that research in this topic will continue to
grow until the end of 2023. The fluctuations in the development of research on virtual laboratories
and artificial intelligence in education can be observed in the visualization in Figure 2.

120
100 o7
5 -
< 80
=
2 58
& 60
5 45
*Z 38 39
s 40
[=]
o
20 | |
0
2018 2019 2020 2021 2022 2023

Year of Publication

Fig. 2. The trends in research on virtual laboratories and
artificial intelligence in education 2018-2023
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Based on Figure 2, from 2018 to 2023, the research trends related to the three keywords, artificial
intelligence, virtual laboratories, and education, have been on the rise. This increase is closely tied to
the events of the COVID-19 pandemic that has affected the world [77,78]. Education is one of the
fields significantly impacted by COVID-19, necessitating a shift to remote learning. Spontaneously,
education transitioned from offline to online systems. Under such circumstances, educators were
compelled to utilize available online media to support the learning process, with virtual laboratories
being one of these tools.

On the other hand, research related to artificial intelligence has gained increasing popularity
among researchers across various fields in recent times [79]. The field of education, closely
intertwined with science and technology, has not been left behind and is actively using and
developing these applications. Artificial intelligence has piqued the interest of many, as the
development of this technology is believed to have a positive impact on enhancing learners' thinking
skills. The broader utilization of artificial intelligence in the learning process is expected to encourage
learners to develop their thinking skills further rather than making them complacent. These
challenges are developed based on expert systems and can be tailored to meet users' needs.

3.2 Visualization Artificial Intelligence Topic Area using VOSviewer

Computational mapping was performed on all the article data that had been obtained. The
VOSviewer application was used as a tool for this computational mapping. The computational
mapping results revealed 275 items, each of which is related to virtual laboratories, artificial
intelligence, and education. The mapping data is divided into 6 clusters, which are:

i.  Cluster 1 consists of 56 items, marked in red, which include Accessibility, achievement,
active learning, activity, chemistry, computer simulation, concept, conceptual
understanding, content, creativity, demonstration, difference, difficulty, dimension,
effectiveness, exercise, experience, experimental design, experimental group,
experimentation, expert, explanation, improvement, innovation, inquiry, instruction,
instrument, intervention, knowledge, laboratory activity, laboratory experiment, learning,
learning environment, lot, perception, performance, physical laboratory, physics,
practical skill, principle, quality, quantitative data, science education, self-efficacy,
significant difference, skill, student engagement, suggestion, teaching method,
undergraduate student, video, virtual laboratory activity, virtual laboratory, application,
virtual laboratory environment, virtual laboratory experience, and virtual laboratory
simulation.

ii.  Cluster 2 consists of 48 items, marked in green, which include Accuracy, advance, analysis,
analytic, application, artificial intelligence, assessment, attention, Australian industrial
ecology virtual Ilaboratory, case study, characteristic, development, direction,
Dissemination, distribution, education, educational data mining, educational technology,
foundation, Framework, function, future, high level, hypothesis, impact, implication,
importance, increase, industry, insight, interpretation, investigation, language, literature,
monitoring, potential, practice, prediction, progress, publication, recent vyears,
recommendation, reference, regard, relation, relationship, research, and systematic
review.

iii.  Cluster 3 consists of 72 items, marked in blue, which include Algorithm, behaviour, cloud,
cognitive load, combination, computer, confidence, control, control system, controller,
detection, device, educational tool, efficiency, engineering education, environment,
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equipment, error, evaluation, experiment, experimental procedure, experimental result,
feasibility, frequency, functionality, implementation, interaction, interest, laboratory,
lack, limitation, location, machine, maintenance, mathematical model, modelling,
monitoring, observation, operation, optimization, parameter, phenomenon, practical
work, procedure, process, production, real laboratory, real time, reality, reduction,
requirement, safety, sector, simulation, simulation result, situation, software, solution,
source, step, strategy, system, technique, temperature, tool, usability, virtual, virtual
environment, virtual experiment, virtual laboratory, virtual reality, and visualization.

iv.  Cluster 4 consists of 54 items, marked in yellow, which include academic performance,
adoption, animation, approach, awareness, challenge, collaboration, communication
technology, comparison, connection, consideration, curriculum, decision, e-learning,
educational institution, educational process, educational purpose, engagement,
engineering student, exploration, face, feedback, higher education, home, ICT,
information, infrastructure, institution, involvement, lab, laboratory course, learning
outcome, learning process, mode, online, online learning, opportunity, pandemic,
pedagogy, remote laboratory, response, student motivation, support, task, teaching,
theory, training, transformation, transition, undergraduate, university, usage, virtual lab,
and virtual laboratories.

v. Cluster 5 consists of 44 items, marked in purple, which include Architecture, area,
attitude, capability, choice, communication, component, consequence, context,
contribution, creation, critical thinking, education process, employment, engineering,
feature, flexibility, game, goal, guideline, inclusion, indicator, influence, integration,
intention, internet, loT, issue, kind, methodology, new technology, platform,
programming, project, resource, science, service, society, student learning, survey,
technology, topic, usefulness, and web.

vi.  Cluster 6 consists of 2 items, marked in sky blue, which are augmented reality and
overview.

The network relationships between terms are indicated within each cluster. The coloured circles
serve as labels provided by the computational system to distinguish each cluster. The size of each
term's circle varies depending on the frequency of its occurrence [80]. The size of the label circles
serves as an indicator of the positive relationship with the appearance of terms in titles and abstracts
[81]. The more frequently a term is detected, the larger its circle size [82]. The computer mapping
visualization analysed in this study consists of three parts: Network Visualization (Figure 3), Density
Visualization (Figure 4), and Overlay Visualization (Figure 5).

Figure 3 illustrates the network visualization of frequently occurring keywords in the source
articles. While there are many keywords that appear, upon closer examination, only a few standouts
among the many. Keywords like virtual laboratory, study, and artificial intelligence are prominent.
The largest circle in Figure 3 is the term 'virtual laboratory,' indicating that this term appears most
frequently in the collected article documents. The network relationship of the term “virtual
laboratory” with others is quite extensive, including terms like environment, development,
laboratory, experiment, problem, users, paper, source, modelling, algorithm, and others.
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Fig. 3. Network visualization

The term "study" is related to words such as learning, skills, teacher, level, aspects, group, school,
guality, and so on. Meanwhile, the term "artificial intelligence" is associated with terms such as
education, data, benefits, field, focus, development, review, and inquiries, among others. The
network of these keywords with others indicates that these words are frequently used in a specific
research topic. This implies that the use of these words continues to be of interest among
researchers. As of 2023, the research trend with the mentioned keywords remains a hot topic. It is
undeniable that technological advancements have had a significant impact on human interactions
and interactions with others [83].

The word “covid” in Figure 2 is highlighted in yellow. This network of words is substantial, and
among the words connected to “covid” are virtual laboratory, instructor, approach, task, school, and
others. This signifies that the term “covid” has been a significant focus for researchers from 2018 to
2023. This is primarily due to the COVID-19 pandemic that occurred from late 2019 to 2021. The
repercussions of this event included the disruption of direct human interactions in various fields,
including education [84]. Consequently, the use of the term “covid” in various research areas was
inevitable. Apart from reflecting the significant event of that time, the word “covid” also represents
the novelty of research.

The network visualization serves as a marker to draw simple conclusions from the current
research trends. Based on this network, it can be said that some keywords have strong relationships
with each other, while others have moderate connections or none. For instance, the keywords
“virtual laboratory” and “artificial intelligence” have no network connection at all. Despite both
keywords being research trends, there is no data indicating research on both within a specific
research topic. Therefore, the opportunity for in-depth studies on these two keywords remains wide
open.

Figure 3 illustrates the density-level visualization of several keywords. Bright yellow indicates that
those keywords appear most frequently in research topics [85]. Conversely, if the colour fades to a
bluish hue, it suggests that the keywords are less common in research topics. This means that fewer
researchers are associating their work with these keywords, presenting an opportunity for other
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researchers to conduct more comprehensive studies on these terms. Some keywords in bright yellow
include virtual laboratory simulation, study, education, learning, skills, and utilization. Meanwhile,
some keywords with a bluish-yellow tint include artificial intelligence, experiments, environment,
facilities, and so forth.

The term “virtual laboratory simulation” appears most prominently in bright yellow, followed by
study, and development in this context, these keywords are quite compelling as potential research
topics. However, this does not mean that these keywords will no longer be hot topics in the future.
In fact, they will remain intriguing when juxtaposed with other keywords like “artificial intelligence”.
Artificial intelligence has gained significant popularity in recent years, as various technologies
leverage its features to enhance production in areas such as smartphones, drones, high-speed trains,
electric cars, the Internet of Things, and robotics [86].

Artificial intelligence has become the most advanced option to assist humanity in its activities. It
can provide insights, simplify tasks, and even replace human work [86]. Its presence continues to be
developed under the pretext of transformation and innovation. The sophistication of artificial
intelligence features can have a profoundly positive impact on the progress of human civilization.
However, if not controlled, it could potentially become a source of catastrophe in this modern age.
In the context of education, artificial intelligence should be positioned with great wisdom, serving as
a catalyst for transforming learning rather than the sole source or even a replacement for educators.
After all, artificial intelligence is just a tool created by humans. Therefore, at some point, it may not
be able to handle cases beyond the capabilities that have been programmed into it. This means that
the presence of human expertise must persist, ensuring that the use of such tools is controlled and
maximized.

The presence of artificial intelligence in education should be used exclusively to aid the learning
process, such as integrating it into virtual laboratories or utilizing it as a search engine and data
analysis tool. This is highly recommended to accelerate and internalize knowledge among learners
[87]. The use of artificial intelligence in education should also be accompanied by ethical guidelines
to ensure it does not violate educational norms. Implementing these ethical guidelines can be
achieved once users understand the boundaries of appropriateness for the tools in resolving the
challenges they face. However, so far, the implementation of artificial intelligence in educational
infrastructure and facilities is highly necessary. This is aimed at enhancing the effectiveness and
productivity of available resources.

Figure 4 displays an overlay visualization, where two prominent colours are evident: deep blue
and yellow. The intensity of the deep blue circles indicates their frequent appearance in research
topics [88]. Conversely, circles that are lighter, even turning bright yellow, suggest that they have
been rarely or never studied at all. In Figure 4, it is noticeable that the yellow colour began to be
studied around mid-2021. Prominent keywords in yellow include artificial intelligence, COVID, and
video. In fact, the keywords artificial intelligence and COVID have an extensive network compared to
others. This was primarily due to the global COVID-19 pandemic that compelled people to shift from
offline to online work during that time.

Future research on artificial intelligence will continue to be captivating and could potentially
become the focal point for researchers. This appeal is even more significant if it can be aligned with
previously popular keywords. For example, juxtaposing artificial intelligence with virtual laboratory
simulation in the context of education. Because in Figure 4, there is no evident network relationship
between artificial intelligence and computer simulation from a learning perspective. The use of
virtual laboratory simulations in education has been widespread [89,90]. However, it is now time for
these virtual laboratory simulations to be innovated so they can operate based on artificial
intelligence.
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Upon closer inspection, artificial intelligence does not have many connections. This is evident in
Figure 6. Figure 6 illustrates how limited the connections of the term “artificial intelligence” are with
other popular terms in the field of education, especially concerning the development and innovation
of online-based learning media. The connections observed in Figure 5 include relationships between
artificial intelligence and terms such as students, learning, education, development, application,
data, research, benefits, technology, system, and field. Among these connections, the strongest one
is between the term “artificial intelligence” and “students”. This connection is, of course, interpreted
in a broad sense, encompassing all aspects of a student's learning activities. However, there is no
guarantee that this connection is related to learning media, especially with virtual laboratory
simulations. The second-strongest connection is with the term “study”, and this too should be
interpreted broadly. In this context, “study” has many connotations, such as research, learning,

investigation, reports, and others.
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The network relationships of the term “artificial intelligence”, as seen in Figure 6, are still quite
limited in the context of education. Further research needs to be developed in efforts toward digital
transformation. For instance, the incorporation of artificial intelligence in the development of
learning media, the creation of electronic learning materials, the design of evaluation tests, the
development of monitoring systems, and others. The visualization in Figure 5 illustrates the relational
connections of artificial intelligence with other terms, such as education, research, AIED (Artificial
Intelligence in Education), applications, teachers, users, data, development, approaches, learning,
students, systems, fields, and technology. Based on this data, it can be observed that artificial
intelligence still has relatively few connections with other terms. According to the mapping results,
artificial intelligence has 304 links and is connected to 15 terms. On the other hand, the terms “virtual
laboratory” and “education” tend to have a higher degree of relevance to the existing terms.
Therefore, it can be stated that research in the field of artificial intelligence still holds great potential
when connected to virtual laboratories and education. Hence, this can be claimed as a novel aspect
of future research.
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Fig. 6. Network visualization of artificial intelligence term

Based on the computational mapping results of the collected article data, it can be said that the
keyword “artificial intelligence” is still rarely used in research. Most of the research terms are
associated with or related to virtual laboratories and education. However, no relationship between
artificial intelligence and virtual laboratories was found at all. Therefore, exploring the research
relationship between artificial intelligence and virtual laboratories in the field of education would be
highly intriguing. This study gives information for further development as reported elsewhere
regarding several subjects:

114



Journal of Advanced Research in Applied Sciences and Engineering Technology
Volume 60, Issue 2 (2026) 103-123

i.  Mathematics [91-118]
ii. Biology [119-128]
iii.  Physics [129-133]
iv.  Chemistry [134-140]
v. Engineering [141-146]

4. Conclusions

The analysis results indicate a significant increase in research related to virtual laboratories and
artificial intelligence in education over the past four years. However, the relationship between virtual
laboratories and artificial intelligence in education is still relatively rare. In fact, there is no existing
relationship between virtual laboratories and artificial intelligence. Based on this information, the
opportunity for developing research on virtual laboratories based on artificial intelligence in the field
of education is substantial.
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