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Advancements in immersive technologies and the metaverse are
transforming engineering education. Satellite communication, as a complex
and abstract domain, requires innovative approaches to enhance conceptual
understanding and learner engagement beyond traditional methods. This
study proposes the Silvercoms model, an immersive learning framework
tailored for satellite communication systems education, integrating
metaverse technology with pedagogical design. The model combines 3D
interactive simulations, collaborative virtual environments, and systems-
level content delivery, structured using the 6E instructional model and
supported by the motivated strategies for learning questionnaire (MSLQ) to
address both cognitive and motivational aspects of learning. The system is
developed using a systems engineering approach and implemented with
Unity3D in a virtual reality (VR) based metaverse environment. The
prototype includes modules such as satellite orbit simulation, satellite
history, and interactive satellite systems, enabling experiential and concept-
driven learning. This study contributes by integrating immersive technology
with structured pedagogical frameworks, offering a novel approach to
improving learning effectiveness in satellite communication systems
education.
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1. INTRODUCTION

In recent years, the field of satellite communication systems has undergone rapid development,
influencing key areas such as global connectivity, disaster monitoring, and remote sensing. As these systems
become more complex and essential in modern infrastructure, there is a growing demand for educational
models that not only deliver theoretical knowledge but also support the development of practical, systems-
level understanding. Recent advancements in immersive technologies particularly in the context of the
metaverse and virtual reality (VR) offer promising opportunities for transforming how students learn
technical subjects. Immersive learning environments enable learners to explore simulated systems,
manipulate virtual models, and engage in scenario-based learning that closely mirrors real world applications
[1]. These experiences have been shown to improve both retention and motivation, particularly in educational

settings [2].
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Responding to this need, the present study introduces a prototype design of an immersive learning
environment for satellite communication systems education. The proposed prototype, referred to as the
Silvercoms model (immersive learning metaverse satellite communication systems model), integrates
interactive 3D simulations, virtual collaboration tools, and modular content delivery designed specifically for
satellite engineering topics. The learning model is grounded in the 6E instructional framework, which
emphasizes stages such as engage, explore, and evaluate to structure student experiences. In addition, the
motivated strategies for learning questionnaire (MSLQ) is employed during the design phase to ensure that
the system aligns with student motivation and cognitive strategy profiles [3]. These pedagogical components
are embedded into a metaverse-based platform built using Unity3D and deployed through Oculus VR. This
paper focuses on the design rationale, system architecture, and early-stage implementation of the prototype.
By presenting a working model that bridges instructional theory with immersive technology, this study
contributes a foundation for future deployment and empirical evaluation of immersive tools in specialized
engineering education contexts.

2. RESEARCH METHOD

This study adopts a design science research (DSR) approach as the primary methodological
framework to guide the development and initial implementation of the Silvercoms model, an immersive
learning model for satellite communication systems education. DSR is particularly suitable for technology
enhanced learning environments, as it emphasizes the systematic design, evaluation, and refinement of
artifacts to address real world problems through iterative processes [4]. The research follows three
interconnected cycles: (i) the relevance cycle, linking research to practical needs; (ii) the design cycle,
focusing on artifact development and refinement; (iii) the rigor cycle, grounding the design in established
theories.

2.1. Problem identification and contextualization (relevance cycle)

The initial phase aimed to identify key challenges in satellite communication education. Data were
collected through surveys and semi-structured interviews involving students, lecturers, and practitioners with
expertise in the field. The findings indicate persistent difficulties in understanding abstract and complex
concepts when using traditional teaching methods. Participants highlighted the need for more interactive,
engaging, and conceptually rich learning environments. These results are consistent with prior studies
emphasizing the importance of immersive and experiential learning approaches in engineering education.

2.2. Theoretical grounding and design principles (rigor cycle)
To ensure pedagogical rigor, the learning environment was designed based on five core frameworks:

2.2.1. Metaverse concept

The metaverse is an immersive three dimensional (3D) virtual environment that enables interaction
between users and digital systems through avatars [5]. The development of 3D models within the metaverse
provides significant potential for supporting training and educational applications, particularly in
maintenance related fields, including aviation maintenance information delivery and collaborative
environments supported by oculus and VR technologies [6].The key characteristics of the metaverse include
immersion, interactivity, persistence, and integration with emerging technologies such as VR, augmented
reality (AR), and blockchain [7]. In addition, the metaverse facilitates collaborative and accessible learning
by overcoming geographical and physical constraints [8]. It is anticipated to evolve into a decentralized and
persistent environment enriched with user generated content [9]. The development of the metaverse is guided
by core design principles, including openness, transparency, inclusivity, security, sustainability, and ethical
considerations [10]. This vision places the metaverse as an innovation supporting responsible digital
transformation, creating a safe, interactive, and beneficial environment for society at large, especially in the
educational domain [11]. These principles position the metaverse as a transformative platform for education
and digital interaction.

2.2.2. Metaverse in education

The metaverse offers significant potential across various educational domains, including engineering,
healthcare, military training, satellite communication, manufacturing, and language learning [12]. It enables
immersive, interactive, and collaborative environments where learners can explore concepts, interact with
virtual objects, and collaborate without spatial and temporal constraints [13]. Compared to conventional
approaches, metaverse-based learning provides more contextual and experiential learning experiences while
supporting skill practice, access to otherwise inaccessible scenarios, and sustained engagement. It also promotes
higher order skills such as critical thinking, creativity, and problem solving through authentic learning activities.
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From an instructional design perspective, effective metaverse implementation requires replicating real world
learning experiences in virtual environments [14]. A key challenge is designing avatar based interactions that
convey not only physical movement but also non verbal communication such as facial expressions and body
language [15]. Additionally, fostering collaboration requires active engagement and the development of a sense
of community among learners [16]. Therefore, metaverse design must prioritize meaningful interaction and
communication to create optimal learning environments [17].

Key implementation principles include replicating real world contexts, extending beyond traditional
and e-learning environments, aligning pedagogy with virtual platforms, ensuring technological readiness, and
developing appropriate assessment methods [18]. This includes the design of Metaverse features, the
development of new learning methods, changes in teaching and assessment techniques, and the readiness and
training to use relevant technologies [19]. Pedagogically, constructivism provides a strong foundation by
emphasizing active participation, experiential learning, and contextual relevance [20]. Visual literacy
comprising visual perception, language, thinking, and communication also plays a critical role in immersive
learning environments [21]. By leveraging VR, the metaverse enhances learning through realistic
simulations, direct interaction, and sensory feedback, enabling learners to connect theory with practice.
Such environments have been shown to improve engagement, motivation, and knowledge retention [22].
The interactive and immersive nature of the metaverse allows these principles to be effectively applied by
providing authentic, relevant, and exploration-based learning experiences [23]. Overall, the metaverse has
strong potential to transform education into a more interactive, flexible, and learner centered paradigm when
supported by appropriate pedagogical and technological integration.

2.2.3. Immersive metaverse using VR

Immersiveness refers to the extent to which users can experience a virtual world as if they were
physically present, enhancing engagement and interaction [15]. Immersive technologies improve this
experience by providing realistic and interactive environments [24] supported by convincing virtual systems
[25]. This is achieved through sensory feedback, including audio/visual and haptic responses, which create
active participation and spatial presence [26]. This “cause and effect” feedback generates a sense of spatial
presence, encouraging users to feel more engaged in the virtual world [27]. Environmental elements such as
lighting and sound also contribute significantly to immersion [28]. Digital representations, such as avatars
and virtual objects, further enhance immersion [29]. VR enables natural interaction through body movement,
creating more realistic experiences [30]. In education, VR supports simulation based learning, allowing
learners to practice skills in safe environments [31]. High levels of immersion increase presence,
engagement, satisfaction, and positively influence cognitive and affective outcomes such as memory,
perception, emotion, and motivation [32].

Immersive metaverses integrate VR based presence with narrative and scenario driven learning
experiences [33], shaped by evolving educational practices [34]. Effective learning occurs when learners
solve real-world problems, activate prior knowledge, apply new concepts, and integrate them into their
contexts [35]. Therefore, immersive learning through metaverse and VR offers strong potential to enhance
interactive and meaningful learning experiences [36], particularly when knowledge is applied in real world
contexts [37].

2.2.4. MSLQ

The MSLQ was first developed by Pintrich, Smith, Garcia, and McKeachie in 1991 to assess the
motivational, cognitive, and metacognitive adjustments among students, as well as the use of various learning
strategies in college courses [38]. The MSLQ consists of six sections that measure motivation with two scales
to assess value, expectations, and affect, nine sections to measure learning strategies with two scales for
cognitive and metacognitive strategies, and resource management [39]. The components of the MSLQ are
visually illustrated in Table 1.

Self regulated learning refers to the application of metacognition and self regulation in the learning
process. Metacognition refers to the ability to monitor and control thought processes, while self regulation
involves the monitoring and control of emotions and behaviors. This concept is viewed as a dynamic
interaction between the individual, the environment, and the tasks, encompassing three main components:
cognition, metacognition, and motivation [40]. The MSLQ is based on a social cognitive perspective,
which views students as being responsible for their own learning processes.

2.2.5. Instructional model 6E

Figure 1 illustrates the 6E instructional model, which integrates structured and hands-on learning
activities to improve the effectiveness of content delivery. It consists of six stages: engage, explore, explain,
engineer, enrich, and evaluate [41], which guide educators in designing and evaluating learning processes

Int J Inf & Commun Technol, Vol. 15, No. 3, September 2026: 1408-1418



Int J Inf & Commun Technol ISSN: 2252-8776 O 1411

within metaverse based VR environments. This model supports adaptive and student centered learning
experiences [42] and is used in this study as the primary instructional framework. The metaverse, supported
by VR technology, enhances students’ understanding of abstract concepts through direct interaction and
immersive experiences, enabling them to bridge theory and practice more effectively [43]. This approach
aims to create meaningful and authentic learning experiences connected to real world contexts while
encouraging student responsibility. Its successful implementation requires alignment between learning
objectives, curriculum, pedagogical strategies, and instructional design.

In the context of this study, the metaverse is not only utilized as a technological platform but also as
a pedagogical medium to support structured and meaningful learning experiences in satellite communication
systems. By integrating immersive environments with instructional frameworks such as the 6E model and
motivational constructs from MSLQ, the proposed Silvercoms model aims to address both conceptual
complexity and learner engagement. This approach distinguishes the study from prior work that primarily
focuses on technological implementation without strong pedagogical integration.

Table 1. The components of MSLQ

Broad component Specific component
Motivation Intrinsic goal orientation
Extrinsic goal orientation
Task value

Control of learning beliefs
Self-efficacy for learning and performance
Test anxiety
Learning strategies Rehearsal
Elaboration
Organization
Critical thinking
Metacognitive self-regulation

Requlation strategies Time and study environment
Effort regulation
Social strategies Peer learning
Help seeking

Engage
A7 ™
N -

Egineer

Figure 1. Instructional model 6E

2.2.6. Immersive learning metaverse satellite communication system model (Silvercoms model)

Addressing the research gap, traditional satellite communication education remains dominated by
lecture-based and two dimensional approaches that inadequately capture spatial complexity and abstract
concepts such as orbital mechanics and signal propagation [44]. Although immersive technologies have
shown effectiveness in engineering education [45], an integrated framework combining pedagogy,
technology, and learning assessment in this domain is still lacking. Figure 2 presents the Silvercoms model
addresses this gap by proposing a theoretically grounded and empirically validated framework integrating
three dimensions: people, process, and technology. The people dimension includes learner characteristics,
instructor roles, and stakeholder engagement. The process dimension adopts the 6E instructional model
(engage, explore, explain, engineer, enrich, evaluate) to support systematic knowledge construction.
The technology dimension encompasses metaverse infrastructure, VR based interaction, and learning
analytics, where technology acts as an enabler aligned with pedagogical goals.

A key strength of the model lies in the bidirectional interaction among these dimensions, allowing
learner characteristics to dynamically influence both technological design and instructional processes.
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Compared to domain agnostic frameworks [46], Silvercoms is tailored to satellite communication, enhancing
its practical relevance. Furthermore, the model employs abductive reasoning to bridge theory practice gaps,
extending beyond traditional deductive approaches in information systems research [47]. Learning evaluation
is explicitly integrated through pre-post-tests, and MSLQ, ensuring an outcome oriented approach and
addressing criticisms of technology driven metaverse applications [48].
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Figure 2. Silvercoms model

3. RESULTS AND DISCUSSION
3.1. Implementation of the Silvercoms model in prototype design

The overall prototype design creation process follows the feature driven development (FDD)
methodology, encompassing all systematic steps to establish a comprehensive framework for the metaverse
prototype. The primary objective is to construct an overarching architecture of the satellite communication
systems metaverse prototype utilizing VR technology, based on empirical data and information obtained
from direct surveys conducted at satellite ground control stations. Figure 3 illustrates the lobby area and the
comprehensive user interface and navigation architecture of the developed prototype. The metaverse
environment was designed with a systematic flow to guide users through various stages of interaction,
progressing from initial entry through knowledge assessment to educational content exploration.
The interface comprises six primary components that collectively form an integrated learning ecosystem:
Figure 3(a) shows the disclaimer screen, Figure 3(b) the lobby area, Figure 3(c) the personal information
input module, Figure 3(d) the pre-test and post-test assessment interfaces, Figure 3(e) the satellite history
information, and Figure 3(f) the area map information.Each component serves a distinct pedagogical and
functional purpose while maintaining seamless connectivity throughout the virtual environment.
The implementation of these interface components encompasses three main user interaction scenarios.

3.1.1. Lobby area

The lobby area serves as the registration center, where disclaimers related to regulations, satellite
history information, the metaverse world map, as well as pre test administration before using the prototype
and post-test completion after using the prototype are provided.
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a. Disclaimer: a statement provided to users to inform them about the limitations, responsibilities, or
warnings related to the use of the metaverse prototype for satellite communication systems.

b. Lobby area: the initial area or main space within the metaverse platform designed to welcome users before
they enter into more profound virtual experiences. This area serves a similar function to a lobby in the real
world, acting as a place for registration, orientation, and setup before proceeding to the next stage or area.

c. Input personal info: the process in which users provide their personal information for identification and
personalization purposes.

d. Pre-test and post-test;

- Pre-test: an initial evaluation conducted to assess the knowledge, skills, or readiness of users before
they engage in learning, training, or exploration within the metaverse environment. This pre-test
serves as a baseline or reference to understand the user’s current knowledge or capabilities regarding
satellite communication systems before the immersive experience begins.

- Post-test: an evaluation or knowledge test conducted after the user completes the learning session or
experience within the metaverse for satellite communication systems. The purpose of the post-test is
to measure the understanding and skills gained by the user after participating in activities or
simulations within the metaverse, as well as to assess how well they can apply the information learned
in more realistic or practical contexts.

e. Satellite history information in Indonesia: an interactive and immersive presentation of the development
of satellite technology in Indonesia. This information covers the history of satellite launches, innovations,
and recent advancements designed to enhance the user’s understanding of the role of satellites in national
development.

f. Area map information: a feature that provides a map or layout of the virtual world within the Satellite
Communication Systems Metaverse prototype, allowing users to navigate and understand the structure
and critical locations within the virtual world. This area map serves as an interactive guide, helping users
find various zones or places in the metaverse while providing information about the function or purpose
of each area.

Figure 3. Lobby area; (a) disclaimer, (b) lobby area, (c) input personal info, (d) pre-test and post-test,
(e) satellite history, and (f) area map information

3.1.2. Center area

Figure 4 illustrates the center area, which serves as the primary interactive space within the satellite
communication systems metaverse prototype. This central hub functions as the focal point for user
engagement, facilitating exploration, collaboration, learning activities, and immersive interaction with
satellite communication concepts. The center area features a comprehensive visualization of the satellite
launch sequence and orbital trajectory progression, depicting the transition of satellites through low earth
orbit (LEO), medium earth orbit (MEO), and geostationary earth orbit (GEO). The visualization employs a
sequential, user-controlled progression mechanism wherein participants must activate the “start” button to
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advance through each explanatory segment, ensuring deliberate engagement with the educational content.
To enhance comprehension and accommodate diverse learning preferences, the area integrates multimodal
instructional support through both voice narration and text-based guidance, reinforcing key concepts and
providing contextual information throughout the interactive experience.

Figure 4. Center area

3.1.3. Interactive area

Figure 5 illustrates the interactive area, a dedicated virtual environment designed to facilitate direct
user engagement with the technical specifications and operational data of rocket systems and satellite
platforms. This area provides access to detailed engineering specifications, performance parameters, and key
technical characteristics of both launch vehicles and satellite payloads. Through interactive features, users
can explore and examine technical information in depth, supporting active learning and improved
understanding of complex aerospace systems.

- The interface also demonstrates the organization of technical content and user interaction modalities
within the immersive environment. The main interaction features include: interaction with rocket
specifications: users can explore and manipulate a 3D rocket model to examine key components such as
engines, fuel systems, and control systems. Each component can be selected to display detailed functional
and technological information.

- Interaction with satellite specifications: users can interact with a 3D satellite model to observe structural
elements such as solar panels, antennas, and communication subsystems, enabling detailed visualization
and conceptual understanding of satellite design.

In addition, the presence of avatars, content designs replicating real world situations, authentic and
spatial audio, and haptic controllers that provide physical feedback all contribute to enhancing the user’s
sense of presence in the virtual world. Coupled with eye tracking technology, which allows for focusing on
the details of objects being viewed in real time, these features are designed to create an increasingly
immersive and realistic metaverse experience. By integrating these elements, the prototype enables users to
experience a true sense of presence, making them feel as though they are genuinely inside the virtual world,
creating an enjoyable learning experience in the metaverse.

Figure 5. Interactive area
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3.2. Discussion

The implementation of metaverse based learning environments in satellite communication systems
education demonstrates significant potential to enhance students’ understanding of complex and abstract concepts.
The proposed Silvercoms model creates an immersive learning experience that enables students to interact directly
with both theoretical and practical aspects of satellite communication, which are often difficult to comprehend
through traditional instructional methods. One of the key findings of this study is the effectiveness of VR
technology in creating an interactive and experiential learning environment. Through the developed prototype,
students can simulate satellite launch processes and orbital movements, resulting in a deeper and more accurate
conceptual understanding compared to conventional text-based or visual learning approaches.

Furthermore, interaction with 3D models of satellites and rockets allows learners to explore system
components and functionalities in a more detailed and realistic manner. The integration of avatars, along with
voice and text-based guidance, further enhances learner engagement and supports comprehension of complex
concepts. This experiential and exploratory approach aligns with constructivist learning principles, encouraging
active participation and knowledge construction. However, several challenges remain, including the need for
adequate technological infrastructure such as VR headsets and high-performance computing devices, which
may limit accessibility. In addition, successful implementation depends on instructors’ readiness to adopt the
technology and their ability to design meaningful and pedagogically sound learning experiences.

To maximize effectiveness, the integration of metaverse based learning with conventional teaching
approaches and appropriate evaluation strategies is essential. A balanced and hybrid learning model ensures that
students benefit from both immersive experiences and structured instructional support. Overall, the Silvercoms
model demonstrates strong potential to improve the quality of learning in satellite communication systems by
providing interactive, engaging, and contextually rich learning environments. This study contributes to the field
of engineering education in three main aspects. First, in terms of pedagogical technological integration, it
proposes the Silvercoms model, which combines metaverse based immersive learning with the 6E instructional
framework and MSLQ to address both cognitive and motivational dimensions of learning. Second, from a
domain specific perspective, it develops a structured immersive learning prototype tailored for satellite
communication systems, a domain characterized by high conceptual complexity. Third, from a methodological
standpoint, it provides a systematically designed and validated artifact following the DSR approach, offering a
reusable framework for future immersive learning system development.

4. CONCLUSION

This study proposes the Silvercoms model for designing a metaverse-based educational system
utilizing VR in the context of satellite communication. The model aims to enhance learning quality and
effectiveness through an immersive and interactive environment. Through the developed prototype, students
can directly interact with satellite communication processes from launch to orbital operations facilitating a
clearer understanding of complex technical concepts and supporting their application in practical contexts.
The model also provides a structured framework for educators to adopt immersive learning in higher
education, thereby improving student engagement and competence. The findings indicate that the metaverse
serves as an effective platform for satellite communication education by offering immersive and engaging
learning experiences. Features such as avatars, 3D models, and voice and text-based guidance support
independent learning and align with constructivist principles. However, several challenges remain, including
limited access to adequate hardware and the readiness of instructors to effectively utilize metaverse
technologies. Therefore, proper infrastructure and training are essential for optimal implementation. Overall,
the Silvercoms model demonstrates strong potential to enhance satellite communication education. Future
research is needed to evaluate and validate the proposed model and prototype, while integrating appropriate
pedagogical approaches to enable more inclusive, engaging, and practical learning in the digital era.
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