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ABSTRACT
Virtual Reality (VR) technologies are increasingly recognized for their potential
to enrich educational settings, yet their integration often emphasizes
technological novelty over pedagogical effectiveness. In the domain of media
didactics, VR’s value lies not only in its immersive and interactive capabilities
but also in its capacity to fulfill specific educational objectives through
structured engagement. This study explores the role of immersive VR
environments in supporting educational activities by aligning VR’s
affordances—such as realism, interactivity, and user engagement—with
established didactic principles. The primary objective is to provide a framework
that encourages educators to implement VR in ways that are pedagogically
sound, thereby enhancing learner engagement and skill acquisition. Using a
qualitative approach, the study synthesizes recent literature and analyzes case
studies within four key VR applications: training environments, construction
tools, exploration experiences, and experimental simulations. Results indicate
that VR significantly contributes to experiential learning across these domains,

with applications including skill-based training in virtual workshops,
exploratory learning through virtual field trips, and controlled experimentation
that supports hypothesis testing in virtual worlds. The study concludes that VR
holds transformative potential for education; however, its impact is maximized
when embedded within a purposeful didactic framework. By aligning VR
applications with clear educational goals, VR can foster cognitive and emotional
engagement, improving learning outcomes across diverse disciplines.

International (CC BY-NC 4.0).

INTRODUCTION

Virtual Reality (VR) technologies are revolutionizing the educational landscape, providing immersive and
interactive environments that foster novel approaches to teaching and learning. The educational potential of VR stems
from its ability to create lifelike simulations, allowing learners to immerse themselves in virtual scenarios that closely
mirror real-world settings (Slater & Sanchez-Vives, 2016). Through a combination of visual, auditory, and sometimes
tactile stimuli, VR enables learners to experience scenarios that would be difficult or costly to replicate in traditional
classroom environments. However, the adoption of VR in education has often prioritized technological novelty over
pedagogical purpose. In media didactics, effectively integrating VR requires a structured framework that emphasizes
educational objectives, ensuring its application serves specific learning goals rather than functioning as a mere
technological display. Research in media didactics supports this structured approach, underscoring the significance of
media in achieving pedagogical goals within modern educational environments. Additionally, the role of varied media,
including VR, as a tool for enhancing the teaching and learning experience through alignment with targeted educational
aims, rather than focusing solely on the technology itself.

VR’s applications in education can be divided into two main types: non-immersive and immersive. Non-
immersive VR, which utilizes standard computer screens and basic interactive devices, is common in online learning,
virtual tours, and video conferencing (Alnagrat, 2022). While useful, non-immersive VR lacks the depth of interaction
and sense of presence afforded by fully immersive VR, which leverages specialized equipment such as VR headsets and
data gloves to create a fully interactive experience. Immersive VR provides an advanced sense of engagement, as users
feel physically “present” within the virtual environment. This characteristic enables educators to create scenarios that
are difficult, costly, or even impossible to replicate in real-world settings, such as exploring the depths of space,
experiencing historical events firsthand, or practicing medical procedures in a risk-free environment (Parong & Mayer,
2018).
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Despite VR’s technological capabilities, its effective integration into education remains a challenge due to a lack
of alignment with pedagogical frameworks. Research on VR has largely focused on its psychological effects—such as
the sensations of presence and immersion—and its technological components, while less attention has been given to its
didactic applications and the specific educational affordances it offers. This gap highlights the need for a media
didactics approach that situates VR within educational theory, exploring how VR can support diverse learning
objectives across disciplines (Radianti et al., 2020). When aligned with established learning theories and instructional
strategies, VR can be effectively harnessed by educators to both engage learners and enhance educational outcomes
through meticulously designed VR environments.

This study aims to address this gap by investigating VR’s role in media didactics, specifically examining how
immersive VR can be used to support a range of educational activities that align with pedagogical objectives. The
classification of VR learning environments, such as training worlds, leverages VR’s capacity to provide structured
practice in procedural skills. This approach is effective in vocational and skill-based training, where simulated
environments offer instant feedback and immersive experiential learning. Studies highlight that VR-based training
enhances procedural knowledge retention, with immersive simulations outperforming traditional methods (J. Zhang,
2019). VR frameworks designed with high physical and cognitive fidelity can further strengthen skill acquisition,
especially in technical fields where real-world training might pose challenges (Hochmitz & Yuviler-Gavish, 2011).

Construction worlds encourage learners to design and build virtual models, facilitating a constructivist approach
to learning by allowing students to create artifacts that reinforce their understanding of complex concepts. Research
shows that virtual platforms enhance learning experiences by facilitating the visualization of spatial relationships and
architectural components, which can be challenging in traditional learning environments (Barbero-Barrera et al., 2022).
Exploration worlds enable self-directed learning and discovery, giving students opportunities to virtually experience
places and phenomena otherwise inaccessible, such as underwater ecosystems or ancient civilizations (Patil, 2021).
Experimental worlds similarly support scientific exploration by providing virtual spaces where students can test
hypotheses without real-world limitations, fostering a safe environment for experimentation that deepens conceptual
understanding and supports the scientific inquiry process (Alnagrat et al., 2022).

This study provides a comprehensive analysis of VR’s educational affordances, demonstrating its efficacy in
creating flexible, learner-centered environments that significantly enhance cognitive engagement and support
experiential learning. By situating VR within a media didactics framework, this research encourages educators to apply
VR in a structured, pedagogically sound manner rather than as an isolated technological tool. When integrated into
broader instructional strategies, VR not only fosters active learning but also enhances both cognitive and affective
engagement. Moreover, it enables educators to pursue learning objectives that extend beyond traditional knowledge
acquisition, addressing essential competencies such as empathy, social awareness, and critical thinking (Papak &
Mezak, 2021; Yanging Wang et al., 2023)

This research aims to bridge the gap between VR technology and media didactics, providing a framework for
understanding and applying VR within structured educational contexts. By aligning VR applications with specific
didactic objectives, educators and researchers can harness the immersive qualities of VR to create meaningful learning
experiences that enhance student engagement and learning outcomes. The findings of this study are intended to guide
educators, researchers, and stakeholders in making informed decisions about the integration of VR in diverse
educational settings, ensuring that VR contributes to long-term, sustainable educational practices.

LITERATURE REVIEW
Virtual Reality (VR) in education is increasingly recognized as a transformative tool, with the ability to engage
learners through immersive, interactive environments that go beyond traditional learning methods. VR’s core features—
immersion, interaction, and imagination—provide unique educational affordances that distinguish it from other digital
media and align with experiential and constructivist approaches to learning (Burdea & Coiffet, 2024). This literature
review discusses these core features, explores VR's position on the Reality-Virtuality Continuum, and examines the
application of VR across various educational fields, highlighting its potential for enhancing experiential learning.

Core Features of VR in Education

The defining characteristics of VR—immersion, interaction, and imagination—allow learners to engage with
content on sensory, cognitive, and emotional levels, contributing to a deeper learning experience. Burdea and Coiffet
(2024) Virtual Reality (VR) has been conceptualized as an "I3" technology due to its distinctive capacity to merge
immersion, interaction, and imagination, which collectively enhance user engagement and experiential depth.
Immersion, often highlighted as VR's foundational attribute, is further subdivided into physical and mental dimensions.
Physical immersion involves the user's sensory engagement through technology, such as haptic and visual feedback,
while mental immersion pertains to the cognitive and emotional engagement VR fosters, creating a deep sense of
presence and involvement. These immersive features, supported by advanced interaction mechanisms like multimodal
interfaces and sensory feedback, play a critical role in enabling users to interact intuitively and meaningfully within
virtual environments, further enhancing the imaginative scope of VR. Physical immersion refers to the sense of being
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physically present in a virtual environment, achieved through VR hardware that adjusts visual and auditory stimuli in
response to the user’s movements. Mental immersion, or "presence," refers to the psychological sensation of “being
there” in the virtual space, allowing users to respond to VR environments in ways that closely mirror real-life reactions.
Research has shown that this immersive quality can lead to improved engagement and learning outcomes, especially in
skill-based and experiential learning contexts.

Interaction in VR enables active engagement, allowing users to manipulate virtual objects and receive immediate
feedback, which supports experiential and active learning. Recent research underscores VR's capacity to create
interactive learning environments that allow users to explore, manipulate, and experiment within virtual spaces. For
instance, VR-based simulations have proven highly effective in fields like medical education and engineering, where
hands-on practice is critical. These simulations enhance knowledge acquisition and skill development by providing
immersive, realistic training experiences that improve learner engagement and retention, particularly in procedural and
skill-based tasks (Lai et al., 2023). VR’s interactivity has shown substantial promise in medical fields such as surgery,
anatomy, and clinical skills training, where realistic practice scenarios are crucial for building confidence and
competence (Magalhdes et al., 2023). Imagination, the third component, enhances the educational value of VR by
allowing students to visualize and engage with abstract or otherwise inaccessible concepts. Imaginative VR experiences
align well with constructivist approaches to learning, where students construct knowledge through hands-on,
exploratory experiences. This has been particularly effective in fields like architectural design and the natural sciences,
where students can create and manipulate complex 3D models in a virtual setting (Alnagrat et al., 2021). This feature
has also proven beneficial in fostering empathy and social learning, as learners can explore perspectives and
environments they might not otherwise encounter.

The Reality-Virtuality Continuum and Mixed Reality

The Reality-Virtuality Continuum, proposed by Milgram and Kishino (1994), categorizes VR as a fully
immersive experience distinct from Augmented Reality (AR) and Mixed Reality (MR), which blend real and virtual
elements. This continuum provides a framework for understanding the degrees of immersion possible in VR and related
technologies. Skarbez et al. (2021) revisited this continuum, suggesting that it can be expanded to reflect the increasing
sophistication of MR applications, which combine real and virtual environments in ways that blur traditional
distinctions. For educational purposes, VR occupies the far end of this continuum, providing a fully immersive
experience that facilitates focused, intensive engagement. In contrast, augmented reality (AR) is well-suited for
enhancing real-world experiences with supplementary digital content, thereby supporting more interactive, context-
based learning scenarios (Mystakidis & Lympouridis, 2023). This blend of immersive media technologies in education
provides new avenues for connecting learners with content in both augmented and virtual modalities, fostering
engagement across diverse instructional settings.

The continuum’s expanded understanding has practical implications for educators, as VR, AR, and MR each
offer distinct affordances depending on the learning context. While AR may enhance real-world tasks with added
information, VR’s fully immersive nature is better suited for creating environments where users can disengage from
physical reality to focus entirely on the virtual experience. This distinction is particularly important in education, where
immersive VR can be harnessed for experiential learning and skills practice.

Applications of VR in Educational Contexts

Recent literature categorizes VR applications in education into four main types: training worlds, construction
worlds, exploration worlds, and experimental worlds. Each type aligns with specific learning objectives, allowing
educators to tailor VR experiences to meet particular instructional goals.

Virtual Reality (VR) demonstrates considerable efficacy within training environments focused on skill
acquisition through structured, repetitive practice. Particularly in vocational training and healthcare education, VR-
based simulations are utilized to closely replicate real-world tasks, providing trainees with a safe, controlled
environment to refine skills. This immersive approach supports progressive skill development and allows learners to
master complex procedures without the risks inherent in real-life practice. The HandLeVR project, which developed a
VR-based automotive painting workshop, provides trainees with instant feedback, enabling them to refine their skills
without the logistical constraints of real-world practice (Triepels et al., 2020). This approach has proven effective in
fields requiring procedural skill mastery, such as surgery and construction (Lungu et al., 2021).

Construction worlds facilitate constructivist learning by allowing students to design and manipulate virtual
objects, a feature increasingly leveraged in architecture and engineering education. These environments enable students
to create and interact with complex models, promoting engagement and hands-on learning. For instance, platforms like
CoSpaces Edu have been utilized beyond technical fields, supporting language and humanities education where
students construct virtual representations of literary works or historical events, thereby enhancing creativity and
language skills (Alizadehsalehi et al., 2019). The use of VR in construction settings has also expanded to other domains,
allowing learners to visualize abstract concepts and participate in hands-on learning activities that reinforce conceptual
understanding (Marks & Thomas, 2022; Xiao et al., 2023).
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Exploration Worlds: VR’s immersive capabilities allow learners to explore inaccessible or hazardous
environments safely. For example, VR applications in biology and environmental science offer virtual field trips to
ecosystems or endangered habitats, fostering environmental awareness and empathy (Chiang, 2021). Exploration
worlds have been particularly effective in promoting declarative learning, as students acquire knowledge by observing
and exploring virtual environments (Parong & Mayer, 2018). Research indicates that VR-based exploration enhances
engagement and retention, making it an effective tool for experiential learning, especially in disciplines that benefit
from spatial and contextual understanding. VR environments allow learners to interact actively with content, promoting
deeper cognitive involvement and improved learning outcomes compared to traditional methods (Babu et al., 2018).
These immersive experiences foster experiential learning by enabling students to construct knowledge through
meaningful interactions, thus enhancing both engagement and retention (Stern & Powell, 2020).

Experimental Worlds: VR also enables learners to conduct experiments in a virtual setting, offering opportunities
to test hypotheses and explore scientific concepts without the limitations of physical reality. Dede (2009) emphasized
VR’s potential to create experimental spaces where learners can manipulate variables, observe outcomes, and
understand causal relationships. In subjects like chemistry, VR environments allow students to experiment with
hazardous substances safely, while in physics, VR simulations enable learners to explore gravitational and other forces
in a controlled, manipulable environment (Xu, 2022). This application aligns VR with inquiry-based learning models,
where students engage in scientific reasoning and problem-solving.

Addressing the Research Gaps and Future Directions

Despite VR’s evident potential in education, several challenges and research gaps remain. While VR holds
considerable promise for educational innovation, several challenges and research gaps persist. The literature calls for
further investigation into VR’s long-term impacts on knowledge retention and cognitive development, emphasizing the
need to assess these factors within structured pedagogical frameworks (Lerner et al., 2020). Currently, many studies
focus primarily on VR's technological features, often overlooking its integration with established instructional
methodologies. This gap limits practical guidance for educators on effective VR integration. Future research should
explore VR’s effects on both cognitive and affective learning outcomes across diverse academic disciplines to ensure it
becomes a sustainable and adaptable educational tool

Accessibility and cost also present significant challenges. Although affordable VR options like Oculus Quest and
Google Cardboard have made VR more accessible, educators may still face technical and logistical barriers in
implementing VR in classroom settings. Addressing these challenges requires collaboration between educators,
researchers, and developers to create VR applications that are both pedagogically sound and user-friendly (Z. Zhang et
al., 2022). The academic literature on VR in education underscores its transformative potential in creating immersive
and interactive learning experiences. By examining VR’s foundational features and categorizing its applications into
training, construction, exploration, and experimental worlds, this review highlights VR's adaptability in supporting
diverse educational objectives. To fully leverage VR in educational contexts, there is a need to transition from purely
technology-driven implementations to a media didactics approach that integrates VR within structured pedagogical
frameworks aimed at enhancing learning outcomes. Continued research is essential to evaluate VR's effectiveness
across various educational environments, thereby fostering its sustainable and accessible use in diverse learning settings
(Onkovich, 2013).

METHOD

This study aims to investigate the role of Virtual Reality (VR) in educational settings from a media didactics
perspective, focusing on how immersive VR environments can be effectively used to enhance learning experiences.
Given the interdisciplinary nature of VR’s applications across education, our research adopts a qualitative approach that
synthesizes recent literature and case studies, categorizing VR applications into four primary educational environments:
training worlds, construction worlds, exploration worlds, and experimental worlds. This methodology enables a
comprehensive exploration of VR’s didactic potential, allowing us to address its unique contributions to educational
outcomes within structured theoretical frameworks.

Research Design
The study employs a multi-step qualitative research design that incorporates three key components:

Literature Review and Theoretical Framework Development

In developing the theoretical framework for VR in educational contexts, we conducted an extensive literature
review, which revealed the significance of immersive, experiential, and interactive learning within constructivist and
media didactics paradigms. This exploration underscored VR’s core elements—immersion, interaction, and
imagination—and their potential to enhance learning outcomes. Immersive VR technologies enable personalized and
interactive three-dimensional environments, increasing motivation and engagement by supporting self-directed and
student-centered learning experiences (Chen et al., 2023; Mahmoud et al., 2020). Additionally, VR’s constructivist
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capabilities encourage active, experiential learning, aligning well with contemporary educational approaches (Ly et al.,
2017; Mystakidis & Lympouridis, 2023). The framework guided the categorization of VR applications into distinct
types, each aligned with specific learning objectives.

Case Study Selection and Analysis

To explore VR’s practical applications, we conducted a case study analysis focusing on diverse educational
sectors, including vocational training, architecture, natural sciences, and social studies. Case studies were selected based
on two criteria: relevance to one of the four VR environments (training, construction, exploration, or experimental) and
availability of qualitative data regarding learner outcomes, engagement, and educational effectiveness. Each case study
provided insights into the practical implications of VR for teaching and learning, highlighting both the opportunities
and challenges encountered in various educational settings.

Data Synthesis and Categorization

The data from the literature review and case studies were then synthesized and categorized according to the four
VR environment types. Each category was analyzed based on its alignment with specific didactic goals, including skill
acquisition, conceptual understanding, empathy development, and scientific inquiry. This categorization process
allowed us to assess VR’s potential to meet different learning objectives, offering insights into how educators can
incorporate VR meaningfully within curricula. Additionally, the study explores factors such as user engagement,
knowledge retention, and cognitive load, contributing to a nuanced understanding of VR’s impact on learning.

Data Collection and Sources

The study utilized secondary data derived from academic journals, conference proceedings, and industry reports
published between 2015 and 2023. These sources were selected to ensure a focus on recent advancements in VR
technology and its educational applications. Key sources included databases such as IEEE Xplore, ScienceDirect,
SpringerLink, and Scopus, which provided access to peer-reviewed articles. We also reviewed government and
organizational reports on VR in education to obtain broader perspectives on policy and implementation challenges. Data
extraction focused on identifying each study’s research objectives, methodology, sample population, VR technology
used, and reported educational outcomes.

Each case study involved in the analysis offered specific data points, such as learner engagement metrics, user
feedback, skill improvement assessments, and comparisons between VR-based learning and traditional teaching
methods. Studies that employed quantitative measures (e.g., pre- and post-test assessments) provided additional rigor to
our analysis, allowing us to contextualize the qualitative findings within a broader empirical framework.

Analytical Approach
In his study, the analytical approach combined thematic analysis with comparative case study analysis to draw
insights across the four VR environment categories.

Thematic Analysis

Thematic analysis was used to identify key patterns related to VR’s educational affordances. Themes such as
immersion, interaction, imagination, skill acquisition, conceptual understanding, and engagement were identified as
central to VR’s didactic value. Each theme was examined in relation to the case studies, focusing on how specific VR
features supported these themes. For instance, we examined how VR training environments facilitate skill acquisition
by enabling learners to repetitively engage in complex tasks within a virtual setting. This approach leverages repetition
as a critical component in skill development, allowing learners to deepen their proficiency through controlled, iterative
practice (Bonney et al., 2017). Research demonstrates that repetitive VVR-based practice can effectively mirror real-
world skill acquisition processes, reinforcing procedural memory and enhancing the learner’s capability to perform
complex tasks accurately and independently (Y Wang et al., 2022). Similarly, we explored how immersive exploration
worlds supported environmental awareness and empathy development by exposing learners to virtual ecosystems or
historical sites(Parong & Mayer, 2018).

Comparative Case Study Analysis

Comparative case study analysis allowed us to examine differences and similarities across the four VR
environments, providing insights into the unique educational affordances of each type. This method helped to highlight
how VR’s application varied based on the learning context, supporting our categorization of VR into training,
construction, exploration, and experimental environments. For example, we compared studies that used VR for skill-
based training in healthcare with those that employed VR for exploratory learning in environmental science, noting how
the level of immersion and interactivity differed depending on the didactic goals (Lerner et al., 2020).
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Evaluation of Learning Outcomes and Engagement

The effectiveness of VR as a didactic tool was assessed by evaluating reported learning outcomes, engagement
levels, and learner feedback across the case studies. Each case study provided qualitative data on the cognitive and
affective impact of VR on learners, such as improved retention, enhanced motivation, and increased empathy.
Additionally, where available, quantitative data on learning gains or performance improvements provided further
validation of VR’s educational benefits. This evaluation allowed us to explore the specific conditions under which VR
enhances learning, as well as potential limitations such as cognitive overload or high resource demands(Marks &
Thomas, 2022; Zhu et al., 2023).

Limitations

This study faced certain limitations, primarily due to the reliance on secondary data and the limited availability
of long-term studies on VR’s impact in education. While recent literature provided valuable insights, there is a need for
longitudinal research that examines VR’s effects over extended periods, particularly in terms of knowledge retention
and cognitive development. Additionally, the scope of the study was constrained by the diversity of VR applications
across educational contexts, which limited our ability to draw generalizable conclusions about VR’s effectiveness.

Implications for Future Research and Practice

The findings from this methodology reveal several implications for future research and educational practice,
particularly regarding the integration of VR within structured didactic frameworks. First, while this study has provided
an initial categorization of VR’s educational applications, future research could deepen this understanding by
investigating how VR environments interact with specific learning theories, such as constructivism, behaviorism, and
experiential learning. For instance, examining VR’s role in social constructivist learning environments, where learners
collaborate and build knowledge together in virtual spaces, could offer new insights into VR’s potential for fostering
teamwork and collaborative problem-solving skills. Similarly, research exploring VR’s ability to support behaviorist
learning through repetitive task-based training may further elucidate its applications in skill-based education,
particularly in fields like healthcare, engineering, and vocational training. Second, there is a need for empirical studies
that examine VR’s impact on long-term learning outcomes and cognitive development. Most existing studies focus on
immediate or short-term effects, such as engagement and knowledge acquisition, leaving a gap in understanding VR’s
influence over extended periods. Longitudinal research could provide valuable data on retention, cognitive load, and
learner satisfaction, as well as VR’s potential to foster durable skills and knowledge. Additionally, by exploring the
potential for cognitive overload in highly immersive environments, researchers could identify optimal levels of
interaction and immersion that balance engagement with cognitive processing. Third, accessibility remains a critical
challenge in VR’s educational implementation. Future studies could investigate cost-effective methods for incorporating
VR into diverse educational contexts, particularly for underserved schools and institutions with limited resources. This
includes examining low-cost VR tools such as Google Cardboard, mobile-based VR applications, or the integration of
VR with augmented reality (AR) solutions that require minimal hardware investment. Moreover, developing scalable
VR content that aligns with universal curriculum standards would facilitate broader access to VR-enhanced learning,
especially in remote or rural areas where physical access to advanced facilities is limited.

Practical Recommendations for Educators

Based on the insights gained through this research, several practical recommendations can be made for educators
interested in adopting VR in their instructional practices. First, educators should approach VR integration with clear
didactic goals in mind, selecting VR applications that align with specific learning outcomes. For instance, in skill-based
courses such as vocational training, educators may prioritize VR training worlds that provide hands-on practice with
realistic feedback, while those teaching conceptual subjects like history or geography may find value in exploration
worlds that enable immersive field trips to historical sites or natural ecosystems. Second, it is essential to provide
students with guidance on how to navigate and engage with VR environments. Educators should incorporate
introductory sessions that familiarize students with VR hardware and software to minimize cognitive load associated
with learning new technology. Additionally, integrating VR with established learning strategies—such as scaffolding
and reflective learning—can help students maximize their learning experiences by transitioning from instructor-guided
to more independent, exploratory learning. Finally, educators should consider using VR as a supplement rather than a
standalone tool. The most effective VR applications often involve blending VR experiences with traditional
instructional methods, creating a hybrid learning environment where students can engage with both virtual and physical
resources. This approach allows students to benefit from VR’s immersive qualities while still grounding their learning
in real-world contexts and ensuring that they meet curriculum standards.

The methodology employed in this study provides a robust framework for understanding VR’s role in media
didactics and its applications in education. By categorizing VR environments into training, construction, exploration,
and experimental worlds, we highlight VR’s unique contributions to diverse educational goals. This qualitative
approach, combining thematic analysis and comparative case study analysis, offers a comprehensive view of how VR
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can be integrated into educational practice. The findings of this study are expected to guide educators and researchers in
leveraging VR’s immersive capabilities to enhance learning outcomes in a structured and pedagogically sound manner.

RESULT

The study’s results offer a comprehensive view of Virtual Reality (VR) applications across four distinct
educational environments: training worlds, construction worlds, exploration worlds, and experimental worlds. Each
environment contributes uniquely to educational outcomes, supporting objectives like skill acquisition, conceptual
understanding, experiential learning, and cognitive engagement.

Training worlds enhance procedural and psychomotor skills by simulating real-world tasks, allowing learners to
practice in safe, controlled settings. For example, VR simulations in healthcare and vocational training provide students
with realistic, hands-on experience, reducing the risks associated with live practice. The HandLeVR project, a VR-
based automotive painting workshop, allows trainees to improve their technique without material waste or health
hazards, providing instant feedback in a setting that minimizes real-world risks. Studies reveal that these VR
environments help learners develop confidence, reduce anxiety, and achieve skill retention, as repetitive practice allows
for consistent improvement in a safe environment. Additionally, VR simulations in emergency response training have
been found to improve both accuracy and reaction times in high-stress scenarios, bridging the gap between theoretical
knowledge and practical application, which is crucial in fields requiring quick decision-making and precision.

Construction worlds foster creativity and conceptual understanding by enabling learners to design, build, and
manipulate virtual models, making these environments particularly effective for fields like architecture and engineering.
VR construction allows students to visualize changes in real time, providing deeper insight into structural relationships.
For instance, students using CoSpaces Edu in language and social studies classes construct virtual representations of
books or historical events, combining visual and audio elements to create interactive, immersive artifacts. This hands-on
approach has been shown to increase engagement and retention, as students become actively involved in constructing
their learning experiences. Studies further suggest that VR construction environments improve spatial skills, deepen
conceptual understanding, and foster critical thinking through interactive experimentation.

Exploration worlds facilitate experiential learning and empathy by immersing students in environments that are
otherwise inaccessible, such as historical sites, ecosystems, or hazardous areas. VR applications in environmental
science, for example, have enabled students to experience remote natural habitats, fostering environmental awareness
and empathy. In historical education, VR simulations allow students to explore ancient civilizations or historical events,
enhancing their connection to the past through spatial representation. Findings indicate that exploration worlds
significantly contribute to affective learning outcomes, such as empathy and cultural awareness, as learners engage
directly with the material. Moreover, VR exploration worlds support self-directed learning by allowing students to
navigate these environments at their own pace, encouraging curiosity and independent inquiry, which further
strengthens cognitive engagement and retention.

Experimental worlds in VR provide a platform for scientific inquiry and hypothesis testing, offering controlled
environments where learners can experiment with phenomena that may be unsafe or impractical in physical settings. In
chemistry education, VR simulations allow students to safely mix chemicals, observe reactions, and learn about
molecular structures. These experimental worlds are valuable for visualizing complex scientific concepts, as they
provide a hands-on approach to exploring theories and principles. In fields like physics, VR enables learners to
experiment with forces and observe changes in real time, reinforcing theoretical knowledge with practice. Additionally,
VR environments in social science research allow students to participate in simulated social interactions and ethical
dilemmas, fostering critical thinking and problem-solving skills.

The results demonstrate VR’s versatility in addressing various educational goals, from skill development to
empathy building. Each type of VR environment offers structured, immersive experiences that enhance both cognitive
and affective learning outcomes. When thoughtfully integrated within media didactics, VR can serve as a transformative
educational tool, allowing educators to leverage its immersive qualities to create meaningful, engaging learning
environments. These findings highlight the importance of a structured approach to VR implementation, ensuring that its
unique educational affordances are fully utilized in ways that support diverse learning objectives. The results of this
study also reveal that VR environments, when aligned with specific didactic goals, can enhance engagement and
learning outcomes across diverse subjects and student populations. Training worlds, for instance, are highly effective in
vocational and professional education, where students benefit from repetitive practice and real-time feedback without
the risks associated with physical training. In these settings, VR provides a safe space for learners to practice and refine
complex skills, building both proficiency and confidence in their abilities. This characteristic of VR is particularly
impactful in healthcare, engineering, and emergency response training, where precision and quick decision-making are
critical. The immediate feedback and the ability to correct mistakes on the spot contribute to a significant reduction in
errors when transitioning to real-world applications, demonstrating VR’s potential to bridge the gap between theoretical
knowledge and practical execution.

Construction worlds add a valuable dimension to VR’s educational applications by enabling learners to
experiment with creating and modifying virtual objects and environments. This ability to construct and visualize
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abstract concepts has proven especially beneficial in STEM fields, where students can model and test theories in
physics, engineering, and mathematics. For example, architecture students can build and test virtual structures, while
engineering students can manipulate mechanical models to understand how various components interact. These VR
environments promote hands-on engagement with material that would otherwise be difficult to grasp, helping students
develop spatial awareness, creativity, and problem-solving skills. Furthermore, construction worlds support
collaboration, as students can work together to build and modify virtual models, enhancing teamwork and
communication skills. This collaborative approach aligns with constructivist principles, encouraging learners to take an
active role in their education by constructing knowledge through interaction and experimentation.

The results also underscore the power of VR exploration worlds in creating impactful experiential learning
opportunities. By immersing students in virtual settings that replicate real-world environments, exploration worlds offer
experiential learning that extends beyond traditional classroom instruction. In environmental science, VR applications
allow students to explore ecosystems and observe biodiversity in ways that foster a deeper appreciation for
environmental conservation. This type of learning is particularly effective for promoting empathy, as students gain a
firsthand understanding of the impact of human activity on natural habitats. Historical VR applications similarly
enhance learning by allowing students to walk through reconstructions of historical sites, providing context and depth to
historical events. The affective learning outcomes associated with exploration worlds—including increased empathy,
cultural awareness, and personal connection to the material—demonstrate VR’s potential to influence not only cognitive
development but also social and emotional growth.

Experimental worlds add a further dimension to VR’s educational utility by supporting inquiry-based learning
and scientific experimentation. These environments enable students to test hypotheses, manipulate variables, and
observe the effects of their actions in real-time. For subjects that require hands-on experimentation, such as chemistry
or physics, VR experimental worlds offer a safe, flexible platform for exploration. Learners can perform complex
experiments without the constraints of safety concerns or resource limitations, allowing for a deeper investigation into
scientific principles. Additionally, these VR settings are ideal for exploring abstract or invisible processes, such as
molecular interactions or gravitational forces, which are challenging to visualize in a traditional classroom. By
simulating these processes, VR helps students build a concrete understanding of theoretical concepts, reinforcing their
scientific reasoning and critical thinking skills.

The study’s results highlight the potential of VR to serve as a powerful, multifaceted educational tool when
carefully integrated into curricula. Each type of VR environment—training, construction, exploration, and
experimental—addresses specific educational objectives, providing a structured and engaging approach to learning. The
versatility of VR allows educators to meet a wide range of instructional goals, from building practical skills to fostering
empathy and promoting inquiry-based learning. As VR technology continues to advance, its role in education is
expected to grow, offering new possibilities for interactive and experiential learning. This study underscores the
importance of aligning VR applications with pedagogical goals, ensuring that VR’s unique features are fully leveraged
to enhance both cognitive and affective learning outcomes. Through structured implementation within media didactics,
VR has the potential to transform educational practices, offering immersive learning experiences that support diverse
learner needs and prepare students for the complexities of the modern world.

DISCUSSION

The findings of this study reveal that VR’s unique affordances—immersion, interaction, and imagination—make
it a valuable educational tool when carefully integrated within a structured, didactic framework. Through an in-depth
analysis, this study highlights how training, construction, exploration, and experimental VR environments support
diverse educational goals, such as skill acquisition, conceptual understanding, experiential learning, and empathy. The
results demonstrate that VR’s immersive qualities enable a deeper connection with learning material, as learners are
placed in realistic, controlled environments that allow them to practice, experiment, and engage more fully than in
traditional learning settings. Training worlds, for example, provide an ideal platform for skill-based learning, where
learners can repeatedly practice tasks, receive immediate feedback, and refine their techniques. This aligns with similar
findings in vocational training literature, which show that VR enhances procedural knowledge by providing a hands-on,
immersive experience that is often impractical in physical settings (Lerner et al., 2020).

In comparing these results to existing studies, it becomes evident that VR environments offer additional benefits
for learning when compared to traditional methods or even non-immersive digital tools. For instance, recent studies on
VR’s use in healthcare training demonstrate that VR simulations help reduce learner anxiety and increase confidence by
allowing for mistake-based learning in a risk-free environment (Lungu et al., 2021). Similarly, the use of VR
exploration worlds aligns with findings in environmental education, where students who experience ecosystems in VR
are shown to develop stronger commitments to conservation efforts compared to those using standard visual aids
(Chiang, 2021). This suggests that VR’s ability to elicit affective responses—such as empathy and emotional
engagement—contributes to its effectiveness as an educational tool, particularly in fields where learners benefit from
direct engagement with real-world challenges.
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An important aspect of this analysis is the demonstrated efficacy of construction and experimental VR worlds in
fostering creativity, conceptual understanding, and scientific reasoning. The study’s findings suggest that construction
worlds allow students to visualize and interact with abstract concepts, which aligns with constructivist approaches to
learning. In subjects like physics and engineering, VR enables students to build and manipulate models, fostering
spatial awareness and understanding of complex systems. These findings echo the work of Dalgarno and Lee (2010),
argue that VR’s interactive qualities support constructivist learning by allowing learners to build and test their
knowledge through hands-on experimentation. Experimental VR worlds, similarly, enable learners to engage in inquiry-
based learning by manipulating variables and testing hypotheses, making it easier to grasp scientific concepts that are
challenging to replicate in physical environments. This finding is consistent with Dinet and Kitajima (2018) work on
immersive interfaces, which demonstrates that VR-based experimentation can enhance scientific inquiry by allowing
students to explore cause-and-effect relationships in safe, controlled settings.

Despite these promising results, there are limitations in this study that may affect the validity and generalizability
of the findings. One limitation is the reliance on secondary data from existing literature and case studies, which limits
the control over variables such as sample demographics, instructional design, and assessment methods. While the
selected studies offer valuable insights, variations in VR applications, hardware, and implementation strategies may
affect the consistency of outcomes. Additionally, most studies focus on short-term educational effects, such as
immediate engagement and skill improvement, leaving a gap in understanding VR’s long-term impact on knowledge
retention and cognitive development. Future longitudinal research could address this limitation by examining VR’s
effects over extended periods to determine its potential for lasting educational benefits.

Another limitation is the accessibility and cost associated with VR technology, which may hinder its widespread
adoption in education. Although VR tools like Google Cardboard offer low-cost entry points, high-quality immersive
experiences often require advanced VR hardware and software, which can be expensive for schools and institutions
with limited budgets. This barrier could affect the scalability of VR in education, as institutions with fewer resources
may not have the means to implement VR as extensively as wealthier schools. Addressing this challenge may require
further research into affordable VR solutions and policy support to ensure that VR-enhanced learning is accessible to a
broader audience.

While this study demonstrates VR’s potential as an impactful educational tool, there are practical considerations
and limitations that educators and researchers must address. VR’s effectiveness hinges on its alignment with
pedagogical goals, making structured implementation within media didactics essential for achieving meaningful
learning outcomes. Future research should continue to explore VR’s long-term effects and investigate solutions to make
VR more accessible, ensuring that its educational benefits reach a diverse range of learners. By addressing these
limitations and refining implementation strategies, VR can be harnessed to provide transformative educational
experiences that meet the varied needs of modern learners.

CONCLUSION

The conclusion of this study highlights the transformative potential of Virtual Reality (VR) as an educational
tool, especially when applied within a structured media didactics framework. By categorizing VR applications into
training worlds, construction worlds, exploration worlds, and experimental worlds, this research has provided a
comprehensive framework for understanding how different types of VR environments can support diverse learning
objectives, from skill acquisition to empathy development and scientific inquiry. Each VR environment offers unique
affordances that align with specific educational goals, demonstrating VR’s versatility and effectiveness across various
educational contexts. This study has contributed to the field by establishing a didactic approach to VR integration,
emphasizing the need for educators to align VR applications with instructional objectives to maximize educational
impact.

The primary contribution of this manuscript is its categorization of VR environments based on their didactic
potential, answering the research question of how VR can be effectively utilized in education to achieve targeted
learning outcomes. By examining the distinct characteristics of each VR environment, the study provides educators and
researchers with a framework for selecting VR applications that align with their instructional goals. Training worlds are
shown to be particularly beneficial for skill-based learning, providing a safe and immersive environment where learners
can practice procedural skills, receive immediate feedback, and improve their performance through repetition.
Construction worlds foster conceptual understanding and creativity, allowing learners to build and manipulate virtual
models that reinforce theoretical knowledge through hands-on interaction. Exploration worlds facilitate experiential and
empathy-based learning, immersing students in environments that evoke emotional engagement and cultural awareness.
Lastly, experimental worlds enable scientific exploration and hypothesis testing, providing students with a controlled
space to investigate complex scientific concepts.

In addressing the research questions, this study also emphasizes the importance of aligning VR with structured
educational frameworks to optimize learning outcomes. The findings reveal that when VR is thoughtfully implemented
within media didactics, it can extend beyond traditional teaching methods to create engaging, learner-centered
environments that enhance both cognitive and affective development. For example, the immersive nature of VR can
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help bridge the gap between theoretical knowledge and practical application, particularly in fields where hands-on
experience is essential but difficult to achieve within conventional educational settings. This study’s framework thus
serves as a guide for educators aiming to incorporate VR in a way that is pedagogically sound, ensuring that VR is used
not simply as a novel technology but as a purposeful tool that enhances the quality of education.

Despite its contributions, the study also acknowledges certain limitations, including the reliance on secondary
data and the lack of longitudinal research on VR’s long-term impact on knowledge retention and cognitive
development. To build on these findings, future research should investigate the lasting effects of VR in education, as
understanding how VR influences learning outcomes over extended periods is crucial for validating its role as a
sustainable educational tool. Additionally, as VR technology continues to evolve, there is a need for studies that
examine emerging VR applications and explore cost-effective solutions for making VR accessible to a broader
audience. Addressing these challenges will require collaboration between educational institutions, technology
developers, and policymakers to create affordable VR systems and scalable content that align with curriculum standards
and educational goals.

This study suggests several practical recommendations to enhance VR’s effectiveness in education. Educators are
encouraged to start with clear didactic objectives and select VR environments that align with specific learning
outcomes. For example, training worlds may be best suited for vocational training or skill-intensive fields, while
exploration worlds can offer meaningful experiences in environmental science or history education. Providing
introductory sessions to familiarize students with VR technology and integrating VR with established instructional
methods, such as scaffolding or reflective learning, can also help optimize VR’s impact on learning. Furthermore, rather
than using VR as an isolated tool, educators are advised to adopt a blended approach, where VR experiences are
supplemented with traditional teaching methods to provide a balanced and comprehensive learning experience.

This study underscores the significant potential of VR to transform educational practices by offering immersive,
engaging, and interactive learning environments that cater to various educational needs. By aligning VR applications
with pedagogical goals, educators can harness VR’s unique affordances to create meaningful learning experiences that
support both cognitive and affective development. Through thoughtful integration within media didactics, VR can
enhance traditional learning, making it a valuable addition to modern educational settings. The findings of this study
aim to serve as a foundation for future research and provide practical insights for educators seeking to adopt VR
responsibly and effectively, paving the way for a more immersive and dynamic educational landscape.
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