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Abstract

The integration of virtual reality into STEM education has generated growing interest in how
this technology impacts the understanding and application of scientific concepts. This study
focuses on investigating this relationship by using the MICMAC technique to identify key
variables and their interactions in virtual educational environments. It was found that variables
such as the design of educational content, the quality of the virtual experience, and the
interactivity of the environment are key to the learning process in STEM. In addition,
determinant and autonomous variables were identified, which play fundamental roles in the
generation of scientific knowledge for students. These results highlight the relevance of
considering various aspects of virtual educational design to improve the effectiveness of
learning in STEM. The practical implications of this study are significant for educators and
educational program designers, highlighting the need to create immersive, interactive, and
collaborative virtual environments to promote better understanding and application of scientific
concepts. This study contributes to existing knowledge by providing a deeper understanding of
how virtual reality can enhance learning in STEM, and suggests directions for future research
in the field.
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1. Introduction

The linking of technology to education has revolutionized the way STEM (Science, Technology,
Engineering, and Mathematics) disciplines are taught and learned. Among the most promising
educational technologies is virtual reality (VR), which offers an immersive environment and
interactive experiences that can significantly improve the understanding and application of
scientific concepts among students (Liu, et al., 2020). This study focuses on exploring the impact
of VR on STEM education, with a specific focus on the understanding and application of
scientific concepts. It is investigated how virtual immersion in educational environments can
influence the learning process (LP), from the acquisition of knowledge to its application in
practical contexts.

Previous research has demonstrated the ability of VR to improve STEM education (Pellas, et al.,
2020). Studies have highlighted its benefits in terms of increasing students' motivation (Sattar,
et al., 2020), improving information retention (Makransky & Mayer, 2022), and promoting the
understanding of abstract concepts (Chen, et al., 2020). However, a deeper understanding of the
variables that impact the effectiveness of VR in STEM education, as well as their interactions
and relationships, is necessary. The present study is relevant in the current field of education,
where technology plays an increasingly relevant role in the teaching-learning process.

Understanding how VR can improve the understanding and application of scientific concepts is
crucial to inform the design of effective educational interventions and promote the development
of STEM skills among students. Therefore, the purpose of this study was to investigate how VR
impacts the understanding and application of scientific concepts in STEM education. For this
purpose, the MICMAC technique was applied to identify the relevant variables in this context
and analyze their influence and dependence on each other. Through this analysis, a more
complete understanding of the factors that contribute to the success of VR implementation in
STEM education is provided.

This study is organized into several sections. First, the methodology used to carry out the study
will be detailed, including the application of the MICMAC technique. Subsequently, the
discussions and results obtained are presented, followed by conclusions and recommendations
for future research.

2. Methodology

This study is framed within qualitative research with a mainly theoretical-conceptual approach
because the main objective is to understand in depth the interactions and relationships between
the relevant variables in the context of VR in STEM education. A qualitative approach will
provide a rich and detailed understanding of the processes involved (Nassaji, 2020). The selected
design was exploratory because the objective is to investigate a relatively little-explored
phenomenon, such as the impact of VR on STEM education, an exploratory approach allows a
detailed and systematic exploration of the relevant variables and their interactions (Swedberg,
2020 ). This design will provide a solid foundation for future research and can help generate
hypotheses for further research.
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The MICMAC technique (Multiplicative Cross Impact Matrix Applied to a Classification) was
used to analyze the influence and dependence between the relevant variables identified in the
field of virtual immersion in STEM education. A matrix was constructed in which the identified
variables were placed in rows and columns. Then, the relationship between each pair of variables
was evaluated and the influence was classified as high, medium, or low, depending on the degree
of impact of each variable. This allowed to determine the variables that have a significant impact
on the understanding and application of scientific concepts in the context of VR in STEM
education. After completing the MICMAC analysis, the results obtained were interpreted.

The variables with the greatest impact on the understanding and application of scientific concepts
in STEM education through VR were identified, and special attention was paid to those variables
that act as main drivers and those that are most susceptible to the influence of other variables. It
was examined how these variables interact with each other and how these relationships can affect
the success of implementing VR in STEM education.

3. Results

The relevant variables identified in the field of VR applied to STEM education are analyzed,
using the MICMAC technique to explore their influence and dependence. The results are
presented in a structured manner and discussed based on the research objectives and existing
literature.

The first outcome consisted of a list of the top ten (10) variables identified through a review of
the literature on virtual immersion in STEM Education. These variables are shown in Table 1
below. In this table, the header includes the number, code, name, and description of each
variable. For example, in the first row, variable number 1 is identified with the QVE code and is
called "Quality of the Virtual Experience", with the following description: "It is critical to assess
the overall quality of the virtual experience, as it significantly affects learners' participation and
learning in the virtual environment”. In this way, the list of variables is displayed in Table 1.

Table 1. Variables Related to Virtual Immersion in STEM Education
# Code Variable Description

1 QEV Quality of the virtual experience It is critical to assess the overall quality of the virtual
experience, as it significantly affects learners' participation and
learning in the virtual environment.

2 ECD Educational content design Educational content design is essential to ensure that scientific
concepts are presented in a clear, attractive and relevant way for
educational objectives.

3 IVE Interactivity of the wvirtual Interactivity allows learners to actively participate in the LP,
environment explore scientific concepts and experiment with different

virtual scenarios.
4 SM Student motivation Motivation is crucial for students' engagement and persistence

in learning, so it is important to evaluate how VR can influence
learners' intrinsic motivation.
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Understanding  of  scientific
concepts
Application of scientific concepts

System feedback

Data interpretation

Collaboration between students

Inclusion of diversity of content

Source: Authors

Assessing understanding of scientific concepts is critical to
determining whether VR facilitates or hinders knowledge
acquisition in the STEM field.

Learners' ability to employ scientific concepts in practical
situations is an important indicator of learning success, so it is
crucial to evaluate how VR facilitates this knowledge transfer.
System feedback can influence learners' learning by providing
guidance and feedback on their performance, which can
improve the effectiveness of the virtual educational experience.
The ability to interpret scientific data is a critical skill in STEM,
so it is important to evaluate how VR can support the
development of this competency in learners.

Collaboration between students can foster collaborative
learning and the exchange of ideas in the virtual environment,
which can enrich the educational experience and improve
understanding of scientific concepts.

Ensuring that virtual educational content is diverse and
representative of different areas of study in STEM is important
to address the needs and interests of a wide range of students.

The next step consisted of involving 5 experts in STEM education in a collective reflection to
evaluate the influence and dependence relationships of each variable in a square matrix,
corresponding to Phase Il of the MICMAC technique. Figure 1 shows the matrix that represents
direct influence and dependence, which was completed through consensus and joint reflection
of the experts. It is important to note that the first row of the matrix reflects the influence
relationships of the variable "Quality of the virtual experience” (QVE). In this sense, the
relationship with this same variable is null (0), the relationship with the variable "Educational
content design" (ECD) is rated as strong (3), as is the relationship with the variable "Interactivity
of the virtual environment "(IVE) is considered strong (3). In this way, the direct influence
relationship between each variable is detailed.

Figure 1. Matrix of direct influence/dependency

Influence

F* QVE ECD IVE
Qve 0 3 3
ECD 3 0 3

IVE 3 3 0
M 2 1 0
usc 2 2
ASC 1 2

SF 3 3 3

DI 1 3
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IDC 3 3 3
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Source: authors
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Once the relationships were established in the matrix of direct influence/dependence, the next
step involved the categorization of the variables. This classification is reflected in a plane that
represents direct influence and dependence, illustrated in Figure 2. As a result of this analysis,
three variables have been identified in the key variables quadrant: ECD, QVE, and IVE. Two
variables have been located in the quadrant of the determinant variables: SF and IDC. On the
other hand, three variables were located in the autonomous variables quadrant: DI, USC, and
ASC. Finally, the SM and CBS variables were placed in the quadrant of the result variables.

Figure 2. Plane of direct influence/dependency
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Source: Authors
Table 2 better explains the results obtained.

Table 2. Classification of factors by direct influences/dependencies

Type of Variable Variable Code
Key, strategic or challenge variables Educational content design ECD
Quality of the virtual experience QVE
Interactivity of the virtual environment IVE
Determinant or “influencing” variables System feedback SF
Inclusion of diversity of content IDC
Autonomous or independent variables Data interpretation DI
Understanding of scientific concepts uscC
Application of scientific concepts ASC
Dependent or result variables Student motivation SM
Collaboration between students CBS

Source: Authors
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As seen in the table, three variables were classified as key, which means that these variables have
a high influence and a high dependency, which is why they are the challenge variables. In the
case of the variable ECD (Educational content design), it was classified as a key variable due to
the impact it has on other variables. According to Marougkas, et al. (2023), educational content
design has a direct impact on the way scientific concepts are presented and organized within the
virtual environment. So an effective design can facilitate students' understanding and their ability
to apply concepts in practical situations, while a poor design can hinder learning.

On the other hand, Saiyad, et al. (2020) state that educational content must be relevant and
aligned with specific learning objectives. Furthermore, Coman, et al., (2020) point out that the
sequence and structure of educational content can impact the way in which learners process
information and construct their understanding. In this sense, a well-structured design can guide
students through concepts in a logical and coherent manner, facilitating the assimilation and
retention of information. Likewise, educational content design can incorporate interactive
elements and learning activities that maintain the interest and engagement of learners, which can
include simulations, practical exercises, and opportunities to explore and experiment within the
virtual environment.

Regarding the classification of QEV (Quality of the virtual experience) as a key variable, it is
due to the fact that it directly affects the experience of students and their ability to interact and
learn in virtual environments. This classification suggests that its impact on the LP is significant
and may present challenges in terms of its effective implementation and maintenance over time.
According to Servotte, et al. (2020), the quality of the virtual experience influences the degree
of immersion that students experience within the virtual environment, so a high-quality
experience could increase the commitment and participation of learners, which in turn improves
the LP.

According to Tsivitanidou, et al. (2021), a high-quality virtual experience is characterized by its
realism and authenticity, allowing students to feel completely immersed in the virtual
environment, facilitating suspension of disbelief and emotional connection with the concepts and
situations presented. While Su, et al. (2020) express that the quality of the virtual experience is
also reflected in the usability of the virtual environment and the ease with which students can
navigate and explore the content. A well-designed, intuitive interface makes information easy to
access and reduces barriers to learning.

Finally, the classification of the variable IVE (Interactivity of the virtual environment) is due to
the fact that it significantly influences the commitment, exploration, and feedback of the
students. Its classification as a key variable suggests that its effective implementation may be
essential for the success of the LP in virtual environments and may require a special approach in
terms of design and development. According to Luo, et al. (2022), the interactivity of the virtual
environment plays a crucial role in student engagement, so a highly interactive virtual
environment can maintain students' attention for longer periods, and boost their active
participation in the LP.

According to Liu, et al. (2020), interactivity allows learners to explore and experiment with
scientific concepts practically and safely within the virtual environment. This gives them the
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opportunity to learn through direct experimentation and discovery, which can improve their
understanding and retention of information. While Alamri, et al. (2021) state that the interactivity
of the virtual environment can adapt to the individual needs of learners, providing personalized
learning options and allowing students to progress at their own pace. This can improve learning
effectiveness by addressing individual differences in learning styles and proficiency levels.

On the other hand, an interactive virtual environment can provide immediate feedback to
students on their performance and progress, allowing them to correct errors and improve their
understanding in real-time. Additionally, instant feedback can improve learning effectiveness by
providing timely and relevant guidance. Likewise, the interactivity of the virtual environment
can encourage problem solving and critical thinking by challenging learners with complex
scenarios and allowing them to make decisions and face the consequences of their actions within
the virtual environment.

The three key variables above could impact the understanding and application of scientific
concepts in the field of virtual STEM education in the following ways: in terms of the Quality
of the virtual experience, greater understanding, improved retention, and practical applications.
In reference to the Interactivity of the virtual environment, active learning, Immediate feedback,
and the development of skills. While, regarding Educational content design, it impacts clarity
and relevance, logical organization and adaptability, and personalization. Together, these three
key variables interact to create an effective virtual learning environment that improves the
understanding and application of scientific concepts in STEM education.

Regarding the variables that were classified as determinants, in the case of the variable SF
(System feedback) it was classified as such because it provides guidance, error correction,
positive reinforcement, and personalization of learning. Its classification as a highly influential
variable suggests that its effective implementation is essential to optimize the LP and improve
the understanding and application of scientific concepts in STEM education.

According to Bortone, et al. (2020), system feedback provides guidance to students during their
interactions in the virtual environment. This feedback helps them understand how they are
progressing and what actions they can take to improve their learning. Likewise, they state that
the feedback system allows learners to detect and correct errors immediately. This helps them
learn actively and avoid internalizing incorrect concepts. While Lohmann, et al. (2021) state that
in addition to correcting errors, system feedback can offer positive reinforcement when students
make correct decisions or complete tasks successfully, which motivates students and reinforces
their confidence in their ability to apply scientific concepts.

On the other hand, system feedback can be adapted to the individual needs of learners, providing
specific and relevant feedback according to their progress and performance. This personalization
increases learning effectiveness by addressing individual differences in learning styles and
proficiency levels. Likewise, this variable promotes reflective learning by encouraging learners
to review and reflect on their performance. This helps them develop metacognition and better
understand their own learning processes.

In reference to IDC (Inclusion of diversity of content), it was classified as a determinant variable
because it guarantees the representativeness, relevance, and relevance of the content for a diverse
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audience of students. Its classification as a highly influential variable suggests that its effective
implementation is essential to optimize the LP and improve the understanding and application
of scientific concepts in STEM education. According to Pellas, et al. (2020), the inclusion of a
wide diversity of content in the virtual environment more accurately reflects reality and the
various areas of study in STEM. This allows learners to experience a wider range of situations
and practical applications of scientific concepts, which improves their understanding and
appreciation of the topic.

For Caro, et al. (2023), including a variety of content that spans different disciplines and
perspectives in STEM ensures that the virtual environment is relevant to a diverse audience of
students. This increases learners' participation and engagement by presenting them with topics
that are relevant to their individual interests and experiences. While for Barzilai & Chinn (2020),
exposure to a variety of content challenges learners to evaluate information from multiple
perspectives, which promotes critical thinking and learners' ability to solve complex problems
when facing a diversity of challenges and scenarios in the virtual environment. Diversity of
content can also include representation of different cultures, ethnicities, and genders.

The variable DI (Data interpretation) was classified as autonomous due to its fundamental
importance and its ability to function independently in the LP in virtual environments. Its
classification as autonomous suggests that this skill is crucial for success in STEM and should
receive specific attention and emphasis in the design and development of virtual educational
environments. According to Hafni, et al. (2020), data interpretation is a fundamental skill in the
STEM field, which encompasses disciplines such as science, technology, engineering, and
mathematics. This skill is essential to analyze and understand experimental results, scientific
models, and quantitative data in general.

For Lindgren, et al. (2020), data interpretation is relevant in a variety of contexts and situations,
regardless of the specific content or topic of study. That is, students must be able to interpret data
in various forms, such as graphs, tables, diagrams, and experimental results, to draw conclusions
and make decisions. While for Faigotuzzulfa & Putra (2022), data interpretation can be
considered an independent skill that is not necessarily linked to other specific variables in the
virtual environment. Although it may be related to the educational content and the interactivity
of the environment, its importance and relevance transcend the limits of other variables and it
can function autonomously in the LP.

Regarding the classification of the variable USC (Understanding of scientific concepts) as an
autonomous variable, it is due to its fundamental importance and its ability to function
independently in the LP in virtual environments. According to Sulai & Sulai (2020), the
understanding of scientific concepts is essential in the context of STEM education, since it
constitutes the basis on which knowledge and skills in science, technology, engineering, and
mathematics are built. Therefore, this variable is essential for students to acquire a deep
understanding of scientific principles and their application in different contexts.

On the other hand, Thahir, et al., (2020), state that the understanding of scientific concepts is
usually one of the main objectives of learning in STEM educational environments because
learners must be able to understand and explain theoretical and practical concepts, and relate
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them to each other to develop an integrated vision of science and its applications. The
classification of this variable as autonomous is also due to the fact that this can be considered an
autonomous skill that is not necessarily linked to other specific variables in the virtual
environment and can be applied in a wide variety of situations. Students can use this
understanding to address problems and challenges in everyday life, as well as in academic and
professional contexts.

Finally, the variable ASC (Application of scientific concepts) was classified as autonomous due
to its fundamental importance and its ability to function independently in the LP in virtual
environments. According to Cheng & So (2020), applying scientific concepts implies learners'
ability to use theoretical and practical knowledge in practical and real-world situations. This
variable is essential to demonstrate the understanding and usefulness of scientific concepts in
practical and applied contexts.

For Priemer, et al. (2020), this variable implies the development of practical competencies and
problem-solving skills. In this sense, learners must be able to identify and select the appropriate
scientific concepts to address a given situation and apply them effectively to solve problems. On
the other hand, the ability to apply scientific concepts is an important criterion for evaluating
students' learning in virtual environments because students must demonstrate their ability to use
the knowledge acquired in practical and applied situations to evaluate their performance.

Continuing with the classification of the variables, the focus is on the result variables, of which
two were classified. In the case of SM (Student motivation), it was classified as a result variable
due to its significant influence on the general results of LP in virtual environments. Its ranking
suggests that it is critical for the success of the LP and is positively related to academic
performance. Therefore, it should be considered with special attention in the design and
development of virtual educational environments. According to (Demir, 2020), student
motivation has a direct impact on their commitment and participation in the LP. Which suggests
that motivated students tend to be more engaged in educational tasks and actively participate in
learning activities, which contributes to better academic performance.

For Filgona, et al. (2020), student motivation influences their level of persistence and effort
dedicated to learning. That is, motivated students are more willing to overcome obstacles and
persevere in achieving their educational goals, which can lead to deeper and more lasting
learning. While for Fu, et al. (2020), student motivation can affect the quality of learning by
influencing the depth of information processing and the amount of cognitive effort dedicated to
educational tasks. Suggesting that motivated students tend to be more focused and engaged in
learning, which can lead to deeper understanding and better retention of information.

Finally, the last variable classified as result was CBS (Collaboration between students), which
was classified in this way, due to its significant influence on the general results of the LP in
virtual environments. For Hodges (2020), collaboration between students encourages active
learning by involving students in discussion activities, problem-solving, and collaborative
projects. This active learning approach allows students to construct knowledge meaningfully and
apply concepts learned in authentic contexts. On the other hand, collaboration between students
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provides opportunities for the development of important social skills, such as conflict resolution,
teamwork, effective communication, and intercultural collaboration.

According to Zidny, et al. (2020), collaboration between students allows the integration of
diverse perspectives, experiences, and knowledge in the LP. The above enriches the discussion
and understanding of concepts by exposing students to different points of view and approaches
to address problems. Likewise, this variable can lead to better academic performance by
facilitating the exchange of ideas, joint problem-solving, and mutual support among classmates.
Learners can benefit from the knowledge and skills of their peers, which can improve their
understanding and mastery of concepts.

4, Conclusions

In this study, the impact of VR on STEM education was investigated, specifically focusing on
how virtual immersion affects the understanding and application of scientific concepts. Clear
objectives were established to explore the key variables that influence this process and the
MICMAC technique was applied to identify the most relevant variables and their interaction in
the virtual educational context.

The findings of this study revealed several significant conclusions. It was found that variables
such as Quality of the virtual experience, Interactivity of the virtual environment, Inclusion of
diversity of content, and Collaboration between students are determinants in the LP in virtual
STEM education environments. In addition, autonomous variables such as Data interpretation,
Understanding of scientific concepts, and Application of scientific concepts were identified,
which play fundamental roles in the development of students' scientific knowledge and skills.
The findings of this study are in line with existing literature that highlights the importance of
content quality, interactivity, and collaboration in online learning.

The practical implications of this study are significant for educators, educational program
designers, and professionals in the field of STEM education. The findings highlight the
importance of designing virtual environments that are immersive, and interactive, and that
encourage collaboration between students to improve the understanding and application of
scientific concepts. On the other hand, this study contributes to existing knowledge by providing
a deeper understanding of how VR can improve learning in STEM education. However, some
limitations are recognized, such as the focus on a specific context and the need for additional
research to further explore the interactions between the identified variables.

It is recommended that future research delve deeper into the interactions between the identified
variables and explore how different design approaches can affect learning outcomes in virtual
environments. Furthermore, it is suggested to investigate how VR can be adapted to meet the
specific needs of diverse student groups and educational contexts. Finally, this study offers a
comprehensive view of the role of VR in STEM education and highlights the importance of
considering a variety of factors to improve students' learning experience.
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