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Abstract. Abstract. Society 5.0 requires teachers to integrate technology into instruction, yet 
the Batu City Geography Teachers’ Working Group (MGMP) struggles to produce interactive, 
realistic learning materials. This program aimed to strengthen teachers’ professional skills in 
developing Metaverse-based interactive media for deep learning by engaging 16 MGMP 
teachers in a hybrid mentoring format that combined online instruction with an in-person 
workshop. Using the Service Learning approach within a qualitative case-study design, data 
were collected through observation, interviews, reflection sheets, and evaluation of teachers’ 

lithosphere-based 3D media, then analyzed thematically. By the end of mentoring, [isi jumlah] 
of the 16 teachers had completed and presented an original 3D lithosphere media project, 
showing concrete gains in ICT design skills and a shift from teacher-centered to collaborative 
instruction. The 3D space helped visualize abstract phenomena such as mountainous 
topography and disaster vulnerability, while lightweight web-based tools and small-group 
role-sharing addressed hardware and connectivity limits. 
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1. Introduction  
We are currently in a transitional era, moving from the Fourth Industrial Revolution toward 

Society 5.0. The primary focus of this transition is to prepare for a high-tech society that encompasses 
all aspects of human life, including the field of education (Arifin et al., 2025). Education 5.0 integrates 
scientific and technological innovations to create a learning environment that is effective, interactive, 
and relevant to technological advancements in society (Yusuf et al., 2023). This major shift requires 
teachers to adapt their classroom teaching methods by utilizing digital media. The metaverse is one 
alternative that can accelerate the adoption of technology in education effectively and optimally. 
The metaverse is an interactive virtual world where students can interact and learn together through 
various materials in an integrated virtual environment (Cahyadi et al., 2023). The strengths of the 
Metaverse align with the needs of the geography curriculum, which requires extensive use of 
visualizations in presenting the material (Apriani et al., 2026). 

In the context of geography education, the application of Metaverse technology holds 
tremendous potential, particularly in enhancing the professional skills of geography teachers in 
presenting spatial concepts such as maps, geographic locations, spatial structures, and geosphere 
phenomena (Tue & Astin, 2022). Geography teachers must master visual skills because they help 
them analyze geographic data in greater depth (Podu & Lukum, 2025). Geography instruction in 
schools still tends to be text-based and limited to the use of two-dimensional images—such as 
graphics and photographs—to support the presentation of material. It has not yet made optimal use 
of technology. In fact, the use of interactive digital media can provide a learning experience with 
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realistic visualizations, enabling students to understand the material in context (Abdillah et al., 
2024). In aligns with the Deep Learning paradigm, in which meaningful learning promotes active 
exploration, cognitive and emotional engagement, and social interaction among students (Hidayat 
et al., 2025). Most teachers still lack the skills to develop Metaverse-based learning materials that 
provide realistic, interactive visualizations and enable students to collaborate within them (Lilik et 
al., 2024). Earlier tools such as Google Earth illustrate this limitation well: although they provide 
geospatial context, they remain essentially two-dimensional and therefore cannot fully replicate the 
immersive, three-dimensional exploration that deep learning requires (Tue & Astin, 2022). 

Beyond serving as a visualization tool, the Metaverse breaks down the physical boundaries of 
the classroom, letting students explore three-dimensional spatial phenomena hands-on rather than 
through static illustrations, and positioning them as active collaborators rather than passive 
recipients of information (Ramli et al., 2022). Despite this potential, community engagement and 
research that combine Metaverse technology, the enhancement of geography teachers’ professional 
skills, and the optimization of deep learning within a single, integrated mentoring model remain 
scarce a gap this activity seeks to address by working directly with geography teachers in Batu City. 

In geography instruction, teachers are required to develop a curriculum that is more relevant 
to today’s digital age (Pratama et al., 2024). However, interviews with teachers who are members of 
the Batu City Geography Subject Teachers’ Association (MGMP) revealed the opposite: there are 
still many challenges faced in developing geography teaching materials. First, teachers still struggle 
to create interactive 3D digital teaching materials due to limited design skills and a lack of 
understanding of immersive technology. Second, time constraints in developing teaching materials 
limit teachers’ opportunities to experiment with new media, leading them to prefer conventional 
methods. Third, the lack of structured training focused on developing Metaverse-based media 
results in low teacher confidence. Fourth, teachers tend to rely on monotonous lecture-style methods 
or static slide presentations, which make the learning environment unengaging and cause students 
to become passive. Teachers reported that they need direct guidance to design 3D media that reflects 
local environmental phenomena in Batu City. These findings indicate that partners require support 
in the form of structured training and guidance to develop Metaverse media capable of integrating 
visual-spatial aspects, immersive technology, and local geographic context to achieve deep learning. 

In the interviews, the teachers also revealed that they found it helpful and were enthusiastic 
about directly trying out lessons using the Metaverse, as this learning medium is capable of 
visualizing environments in 3D, thereby not only conveying the material effectively but also 
providing a new experience in learning geography. The teachers also noted that delivering the 
material became easier, particularly for topics on geosphere dynamics, which require extensive 
visualization for each component of the content. Until now, limited field trips have often hindered 
geography instruction because of cost, accessibility, and safety concerns. The Metaverse offers an 
effective solution by providing virtual field trips and 3D spatial simulations. Through this 
technology, students can explore the Earth’s surface structure, observe disaster mitigation 
mechanisms (such as volcanic eruptions or landslide processes), and analyze settlement patterns 
interactively, all without leaving the classroom. The advantages of the Metaverse are especially 
relevant and practical for teaching lithosphere dynamics. This topic examines the Earth’s physical 
structure, endogenous processes (such as tectonism, volcanism, and seismic activity), and exogenous 
processes (such as weathering, erosion, and mass wasting), all of which are dynamic, three-
dimensional (3D), and largely occur beneath the Earth’s surface. Conventional learning, which relies 
on two-dimensional (2D) images in textbooks, often struggles to fully represent the mechanisms of 
subsurface structures or the evolution of landforms. Through the Metaverse, students do not merely 
view objects passively. However, they can actively participate in a 3D simulation environment to 
dissect cross-sections of Earth’s layers, observe tectonic plate movements and subduction zones, and 
immersively explore the structure of magma chambers. 

These insights are consistent with existing literature: prior studies have shown that using the 
Metaverse can strengthen teachers’ understanding and skills in diversifying instructional media 
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(Abdillah et al., 2024). while also boosting enthusiasm among both teachers and students (Solissa & 
Suhaeb, 2026). 

In response to these findings, the community service team designed a structured mentoring 
program as a concrete solution to the limitations geography teachers face in developing immersive 
learning media, while accelerating their visual-spatial skills and capacity for deep learning through 
a contextual, 3D-technology-based approach. Within this program, the Metaverse platform 
functions as a social mediator, allowing local geographic phenomena in Batu City such as its 
mountainous landscape, geotourism potential, and landslide-mitigation scenarios to be presented 
in a concrete, interactive, and collaborative way. 

Based on the analysis presented, the researchers formulated a solution in the form of a 
community service program titled “Enhancing the Professional Skills of Geography Teachers 
through Mentoring in the Development of Metaverse-Based Interactive Virtual Media to Optimize 
Deep Learning.” This activity addressed teachers’ limitations in developing interactive media and 
aimed to accelerate the development of visual-spatial skills in deep learning through a contextual 
approach based on 3D technology. The program was implemented through the PKM (Student 
Creativity Program) using a “Service Learning” approach that integrates academic experience with 
the real needs of the teaching community, and was evaluated using a qualitative, case-study-based 
approach. The event was conducted in a hybrid format on July 6–7, 2026, with 16 teachers from the 
Batu City Geography Teachers’ Working Group (MGMP). On the first day, July 6, 2026, the session 
was held online via the Google Meet platform to explore the urgency of deep learning, the 
framework of immersive pedagogy, and an introduction to the basic architecture of the Metaverse 
platform. On the second day, July 7, 2026, the event was held in person at Batu State High School 1 
and featured workshop sessions and intensive hands-on guidance on creating 3D virtual spaces and 
designing collaborative project-based learning scenarios. The activities began with mapping school 
assets using the ABCD and CBR approaches, followed by training and guidance on creating 
Metaverse media based on lithosphere content. Teachers’ skill development was assessed through 
participatory observation, media portfolio evaluation, interviews, and critical reflection, and then 
analyzed using a descriptive thematic approach. Following implementation, a joint evaluation was 
conducted to formulate recommendations for sustainability, with the goals of enhancing teachers’ 
3D ICT competencies, producing Metaverse media, guiding students’ deep learning, and 
strengthening collaboration among universities, partner schools, and the Batu City Geography 
Teachers’ Working Group (MGMP). This activity therefore aimed to strengthen the professional and 
ICT competencies of Batu City’s geography teachers by mentoring them in designing Metaverse-
based 3D media on lithosphere topics of foster deep learning among their students. 
 

2. Method  
This community service project applies the concept of Service Learning using a descriptive 

qualitative approach oriented toward case studies. The implementation of Service Learning fosters 
students’ theoretical understanding and practical field experience. Students collaborate with 
geography teachers in develop Metaverse educational media and provide students with a deep 
learning experience. Through qualitative analysis, the community service team conducted an in-
depth exploration of how of enhance teacher competencies, design of 3D virtual spaces, and assess 
the effectiveness of these tools as social mediators in collaborative learning. This PKM activity was 
conducted in a hybrid format over two days on July 6–7, 2026. On the first day, July 6, 2026, the event 
was held online via Google Meet, with an emphasis on reinforcing deep learning theory and 
pedagogy, as well as an introduction to the Metaverse platform. The second day, July 7, 2026, was 
held in person through a hands-on workshop on creating 3D learning media in the auditorium of 
Batu State High School No. 1. Batu State High School No. 1 was selected as the host location due to 
its facilities, which are well-suited to support training needs, as well as its status as one of the leading 
schools in the city of Batu. 

The main participants in this activity were 16 geography teachers who are members of the 
Batu City Geography Teachers’ Working Group (MGMP), selected through purposive sampling. 
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The purposive selection was based on criteria including active involvement in MGMP community 
activities, readiness to integrate ICT into teaching, and a genuine need for innovative spatial-based 
learning media. Students were fully involved in all stages, from initial planning and fieldwork to 
the evaluation session. At the outset, students received training in Asset-Based Community 
Development (ABCD) and Community-Based Research (CBR) methods to equip them before 
deployment. Through this training, the students learned to assess the availability of school assets 
and the personalities of the teachers, ensuring that the mentoring they provided was firmly 
grounded in on-the-ground realities. For context, the Batu City Geography Teachers’ Working 
Group (MGMP) has a total of about 30 active members. Therefore, the 16 participating teachers 
constitute a purposively selected subgroup of this broader population, not the entire MGMP 
membership. 

All community service activities were divided into pre-implementation, implementation, and 
post-implementation phases. In the initial phase, the PKM team, together with faculty members, 
observed the challenges faced by geography teachers in Batu City, particularly the difficulty of 
presenting lithosphere material without 3D media that supports deep learning. The team then 
mapped the schools’ potential and teacher profiles using the ABCD and CBR frameworks. Based on 
these findings, the team developed a practical module for designing the Metaverse to support deep 
learning on lithosphere-related topics, such as the Earth’s layers, types of rocks, and mountainous 
landscapes. This guide enables teachers to design 3D virtual spaces for student collaboration, 
fostering deeper understanding of the material (deep learning). 

 

Figure 1. Activity Stages 

The implementation phase involved intensive training and mentoring for geography teachers 
who are members of the Batu City Geography Teachers’ Working Group (MGMP). Teachers were 
supported in designing, developing, and utilizing Metaverse-based 3D virtual environments, such 
as a 3D lithosphere museum and the topography of Andongrejo. The observation and evaluation 
instruments for this phase were developed based on the indicators of teachers’ professional 
competencies as outlined by (Prasetya et al., 2026)These include understanding geography content, 
developing lesson plans, creating innovative teaching materials, mastering ICT, and the practice of 
self-improvement through reflection. Data collection included participatory observation during 
workshops, interviews, reflective journals, and an examination of participants’ 3D media projects. 
The analysis followed a thematic framework, from data reduction and presentation to conclusions, 
in order to map patterns of improvement in teachers’ competencies and the role of the Metaverse in 
fostering student interaction. Concretely, data collection relied on four instruments: an observation 
checklist tracking each teacher’s engagement during hands-on sessions, a semi-structured interview 
guide, an open-ended reflection sheet completed after each session, and a product assessment rubric 
evaluating the completeness, spatial accuracy, and interactivity of the resulting 3D media, detailed 
in Table 1 below. Members of the research team conducted qualitative data analysis; they cross-
checked codes and resolved disagreements through discussion to minimize individual bias and 
improve the consistency of the analysis. 

Table 1. Instrument Blueprint 

Instrument 
Competency Indicator(s) 

Targeted 
Aspects / Sample Items 

Participatory 
observation checklist 

Mastery of ICT; creation of 
innovative teaching materials 

Engagement during hands-on sessions; 
fluency navigating the Metaverse 
platform (movement, asset placement, 
object manipulation); initiative in 
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customizing the 3D template beyond 
guided instructions 

Semi-structured 
interview guide 

Understanding of geography 
content; development of 
lesson plans 

Teacher's conceptual grasp of the 
lithosphere material being visualized; 
plans for integrating the 3D media into 
lesson plans or teaching scenarios; 
perceived challenges and coping 
strategies 

Open-ended reflection 
sheet 

Practice of self-improvement 
through reflection 

New skills or insights gained after each 
session; personal difficulties encountered 
and how they were addressed; follow-up 
plans for classroom implementation 

Product assessment 
rubric 

Creation of innovative 
teaching materials; mastery 
of ICT 

Completeness (coverage of the intended 
lithosphere content); spatial accuracy 
(proportion and placement of 3D objects); 
interactivity (presence of elements 
students can explore or click) 

 
The post-implementation phase focused on a joint reflection session involving university 

faculty, students, and teachers from the Batu City Geography Teachers’ Working Group (MGMP). 
This meeting was used to evaluate the program’s achievements, assess the extent to which the 3D 
virtual space Metaverse can help students engage in deeper learning, and identify the technical and 
instructional challenges that teachers encountered. Notes from this session served as the primary 
basis for formulating recommendations for the development of future educational media to ensure 
they remain relevant for use in schools, while also maintaining collaborative relationships between 
the university, schools, and the MGMP. To collect data, the team relied on direct observations during 
mentoring sessions, reflection sheets, in-depth interviews, and reviews of draft learning scenarios 
and 3D products created by teachers. These steps ensured that the improvement of teachers’ skills 
and the implementation of the Metaverse in the classroom could be fully mapped. 
 Data analysis used qualitative thematic analysis. All data—from participatory observations, 
reflection sheets, in-depth interviews, to the teachers’ Metaverse creations—were examined through 
the stages of data reduction, data presentation, and conclusion. This approach helped identify key 
themes, including how teachers adopted Metaverse technology, the effectiveness of 3D spaces as a 
medium for learning interactions, technical and pedagogical barriers, and patterns of competency 
development among geography teachers. This provided a clear picture of the contributions of the 
mentoring activities, particularly regarding mastery of spatial content, visualization of lithosphere-
related material, and the collaborative use of ICT. This initiative also strengthens the network among 
universities, partner schools, and the MGMP to ensure the long-term utilization of technology in 
schools. To strengthen the trustworthiness of these qualitative findings, the team applied source 
triangulation by cross-checking observation notes, interview transcripts, and reflection sheets 
against one another, together with member checking, in which preliminary findings were shared 
with several participating teachers to verify their accuracy before the analysis was finalized  

 
3. Result  

The mentoring program of develop Metaverse-based Interactive Virtual Media to optimize 
deep learning was opened by the Chair of the Batu City Geography Teachers’ Working Group 
(MGMP). In the first phase, the training was conducted online via Google Meet and covered the 
importance of deep learning, the fundamentals of immersive pedagogy, and an overview of the 
Metaverse digital space. In the second phase, the activities continued in person at Batu State High 
School 1. Participants took part in training and hands-on guidance to design 3D virtual spaces while 
developing group-based project learning scenarios. The final phase of the community service project 
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consisted of evaluation and qualitative data mapping. We analyzed findings from participatory 
observations, reflection sheets, and in-depth interviews on teachers’ Metaverse creations through 
data reduction, presentation, and conclusion-drawing. 

Quantitatively, 16 teachers who participated 100% completed and presented original 3D 
lithosphere media projects by the end of the mentoring period. In contrast, the other teachers 
produced partial prototypes that were later completed with additional ongoing guidance. 

 

 

Figure 2. Introduction to the Metaverse via the Google Meet platform—an online session in which 
teachers were introduced to deep learning pedagogy and the basic architecture of the Metaverse 

prior to the hands-on workshop. 

The results of participatory observations and in-depth interviews conducted during the 
mentoring activities on July 6–7, 2026, indicate that the introduction of interactive virtual media 
based on the Metaverse has the potential to transform the mindset of teachers who are members of 
the Batu City Geography Teachers’ Working Group (MGMP). Before the mentoring, most teachers 
struggled in present abstract spatial geographic phenomena, such as mountainous landforms and 
the dynamics of disaster vulnerability. The use of 3D virtual spaces allows these spatial concepts to 
be visualized contextually and interactively. The use of the Metaverse platform not only enhances 
teachers’ technological skills but also shifts the paradigm of instruction from a teacher-centered 
approach to collaborative learning. As one participant, hereafter referred to as Teacher A (a 
geography teacher and MGMP member), noted: 

“Through the Metaverse, we can help students explore mountainous terrain more realistically. 
Students no longer look at two-dimensional images in textbooks; instead, they discuss and analyze 
landslide-prone areas together in a virtual space.” 

 

 

Figure 3. A virtual metaverse environment powered by Spatial.io features a 3D lithosphere that 

teachers explore to practice spatial navigation and collaborative interaction. 

The statement confirms that 3D-based immersive technology significantly enhances teachers’ 
professional competencies, particularly in their ability to creatively develop lesson materials and use 
ICT for innovative teaching methods (Misbahudholam et al., 2025). Furthermore, these findings 
reinforce the findings of (Putra et al., 2026) who view technology not merely as a passive visual aid, 
but as a social mediator that is, a medium that fosters communication, social interaction, and the 
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construction of shared knowledge among students in a virtual space. Support for the continued 
adoption of this technology was also emphasized by the leadership of the Batu City Geography 
Teachers’ Working Group (MGMP), represented here by the MGMP Chairperson: 

“This guidance provides a new direction for the MGMP. Teachers usually only use presentation 
tools like PowerPoint, but the Metaverse creates a new experience in geography education.” 

 

 

Figure 4. The Metaverse Asset Creation Process depicts teachers creating 3D lithosphere assets, 
such as a 3D lithosphere museum and the topography of Andongrejo, complete with interactive 
rock type labels, cross-sectional views of subsurface layers, and navigable terrain models, which 
are evaluated using the product assessment rubric described in the Methods section—namely, 

completeness, spatial accuracy, and interactivity 

Although teachers have experienced significant added value from using the Metaverse, the 
process of adopting immersive technology in schools faces several technical and operational 
challenges. The main obstacles identified include limitations in the school’s hardware specifications 
for 3D graphics rendering, fluctuations in internet connection stability, and varying levels of 3D 
navigation literacy among teachers. As one teacher, hereafter Teacher B, explained regarding this 
challenge: 

“The Metaverse platform is highly interactive, but our main challenge lies in the inconsistent 
computer specifications at schools and the sometimes slow internet connection when loading 
complex 3D objects.” 
To address these infrastructure limitations, teachers developed various adaptive strategies 

during hands-on sessions at SMA Negeri 1 Batu. The teachers used lightweight, web-based 
Metaverse platforms such as Spatial.io or FrameVR and designed one-device, multiple-user 
scenarios based on role-sharing within small groups. 

“We address the limited number of devices by dividing students into working groups. One 
student acts as the navigator in the 3D space, while the other group members observe the 
geographic indicators on the worksheet and lead the discussion on mitigation analysis.” 
This strategy challenges the assumption that the use of advanced technology always leads to 

individual isolation. Through the design of collaborative, project-based learning scenarios, 
immersive technology actually serves as an effective tool for fostering social skills, role-sharing, and 
negotiation in spatial problem-solving among students. 

 

Figure 5. Documentation from the Metaverse Media Training Seminar illustrates the collaborative 

small-group work format used to address the limited availability of devices. 



19 

 

https://edutekjournal.com/contents/index 

This social engagement also supports deep learning. Deep learning in education fosters the 
ongoing development of conceptual understanding, relationships between concepts, critical 
thinking skills, and the application of these concepts in real life (Rohsulina et al., 2026). Deep learning 
is defined as a process of deep and meaningful learning that requires students’ spatial reasoning 
and critical thinking skills. This deep learning becomes evident when students go beyond 
memorizing definitions and instead analyze geographical phenomena through 3D visualizations. In 
the lithosphere module, students do not merely identify Earth’s layers and rock types on paper; 
instead, they collaborate within the Metaverse to reconstruct tectonic processes, observe volcanic 
eruptions, and analyze the formation of land contours firsthand. These findings offer a new 
perspective on concerns regarding the negative impact of technology on student interactions. When 
paired with appropriate immersive pedagogy, 3D virtual spaces can serve as catalysts for deep 
learning, strengthening students’ understanding holistically and interactively. In practice, these 3D 
exercises visibly deepened students’ engagement with lithosphere content compared to earlier, less 
interactive methods. These outcomes also align with several of the five teacher-competency 
indicators identified by (Prasetya et al., 2026) in the Methods section, most visibly mastery of ICT, 
the creation of innovative teaching materials, and reflective self-improvement, though the link to 
lesson-plan development and content mastery would benefit from more direct evidence in future 
evaluations. 

 

4. Discussion  
The results of this study indicate that the integration of Metaverse technology can shift 

geography learning patterns from a teacher-centered approach to student-centered, collaborative 
learning. These findings reinforce the view (Maulana et al., 2023)that Metaverse-based learning 
media can create virtual interaction spaces that significantly enhance student learning outcomes. In 
line with this, (Diao & Su, 2025) also emphasize that the Metaverse offers a more realistic and 
collaborative learning experience compared to conventional media, so that teachers no longer serve 
as the sole source of information but rather as facilitators of students’ exploration of knowledge 
within the virtual space.  

The improvement in the professional competence of geography teachers observed in this 
activity is also consistent with the indicators of teacher professional competence formulated by 
(Wahyudi et al., 2026), particularly in the areas of subject matter mastery, creativity in developing 
instructional materials, and mastery of information and communication technology (ICT). 
Geography teachers in the Batu City MGMP, who were previously limited to using two-dimensional 
visual media, are now able to design more contextual three-dimensional media, as also reported by 
(Wahyudi et al., 2025) who noted that the development of digital-based geography learning media 
can support character building and a deeper conceptual understanding among students. This 
finding also reinforces the results of a mentoring study (Lai et al., 2025), which showed that intensive 
Metaverse-based training effectively enhances teachers’ capacity to produce innovative learning 
media. That said, this improvement is best read as an early-stage shift in confidence and willingness 
to experiment rather than full mastery: unlike the longer, curriculum-embedded intervention 
reported by (Wahyudi et al., 2025), the present mentoring was delivered over a short, intensive 
period, so sustained competency gains still need verification through follow-up observation. 

The Metaverse’s role as a social mediator in this activity reinforces the findings (Gleadow et 
al., 2015) that digital technology serves not only as a visual aid but also as a medium that fosters 
social interaction and the construction of shared knowledge among students. This was further 
confirmed by (Le, 2025), who found that the use of the Metaverse can foster enthusiasm and active 
engagement among students in the learning process. The results of this mentoring provide 
additional empirical evidence that the success of immersive technology integration depends not 
only on the sophistication of the platform’s features but also on the design of collaborative learning 
scenarios that encourage meaningful social interaction, as also emphasized by (Mishra & Nair, 2025) 
in the context of utilizing other adaptive media based on immersive technology. Unlike (Le, 2025), 
however, whose setting involved learners with more consistent access to personal devices, 
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engagement in this activity was mediated by shared devices and role-sharing, suggesting that the 
enthusiasm observed here is partly a product of the collaborative workaround itself rather than the 
Metaverse platform alone. 

Nevertheless, the challenges posed by limited school infrastructure identified in this study are 
consistent with the results of a needs analysis (Bantun et al., 2026)which also identified gaps in 
device specifications as the primary obstacle to the implementation of Virtual Reality-based learning 
media in schools. Adaptive strategies such as the use of a web-based Metaverse platform and role-
playing in small groups developed by teachers from the Batu City Geography Teachers’ Working 
Group (MGMP) demonstrate that technical limitations are not insurmountable barriers but can be 
addressed through the design of contextual learning scenarios, in line with the idea (Crupie et al., 
2025) that the adaptive use of technology is key to meeting the demands of the Society 5.0 era. 

The deep learning outcomes observed in this activity—particularly in collaboratively 
reconstructing tectonic processes and analyzing landform formation—reinforce the deep learning 
framework proposed by (Pejic et al., 2024) which states that deep learning requires students’ spatial 
reasoning, cognitive-emotional engagement, and critical thinking skills. Compared to the use of 
Google Earth as a contextual medium for geography learning—which is still limited to two-
dimensional visualization (Tong et al., 2025)the Metaverse-based 3D virtual space in this activity 
offers a more immersive spatial experience, allowing students to understand lithospheric dynamics 
more comprehensively. These findings also address the identified need (Rosanawati et al., 2025), for 
information technology-based geography learning that is relevant to the Merdeka Curriculum in the 
digital age. This is consistent with the broader conceptualization of deep learning as a process that 
fosters the ongoing development of conceptual understanding, relationships between concepts, and 
critical thinking, applied meaningfully to real-world problems (Rohsulina et al., 2026). 

Overall, the results of this mentoring program address the research gap outlined earlier—
namely, the limited number of studies that integrate Metaverse technology, the enhancement of 
geography teachers’ professional skills, and the optimization of deep learning into a single, 
comprehensive mentoring model. However, this initiative still has limitations, including a relatively 
small number of participants and a scope limited to a single MGMP region; therefore, generalizing 
the findings requires caution. Further research and community engagement are recommended to 
expand the scope of partners and to quantitatively assess the long-term impact of Metaverse 
implementation on student learning outcomes, thereby strengthening the external validity of the 
findings. Another limitation relates to participant selection, as teachers were selected through 
purposive sampling partly based on their existing ICT readiness. These findings likely reflect the 
experiences of a group that is generally already quite confident with technology and may not be 
generalizable to teachers who previously had limited exposure to digital devices. To sustain learning 
beyond the PKM period, schools or education agencies need of provide ongoing mentoring, support, 
or the formation of MGMP communities of practice to ensure continued use of the Metaverse. 
Without such mechanisms, the increase in teachers’ confidence in ICT documented here risks fading 
once direct mentoring ends. 

 

5. Conclusion  
This Service Learning-based community service program, conducted in collaboration with 16 

teachers from the Batu City Geography Teachers’ Working Group (MGMP), successfully shifted the 
learning process to a student-centered approach of using a 3D Metaverse space (Spatial.io) to teach 
lithosphere dynamics. The team effectively addressed challenges related to hardware specifications 
and internet connectivity of using a web-based platform and role-sharing strategies within small 
groups. In addition to enhancing teachers’ ICT skills and strengthening partnership networks, this 
program provided theoretical insights and low-cost practical solutions that teacher communities in 
other regions can replicate. To ensure the sustainability of these positive impacts, further research is 
recommended to track the long-term use of this technology with a broader sample, aligned with 
official policy support from education authorities and school administrators through periodic 
mentoring. 
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