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Abstract. This study investigates the integration of Computational
Thinking (CT) and Metaverse technologies as a means of addressing
instructional challenges in Malaysian secondary schools. Specifically, it
aims to identify the key barriers in CT instruction and explore how
immersive technologies can enhance learning. CT, a vital 21st-century
skill, is difficult to teach due to its abstract nature, low student
engagement, and infrastructural limitations, particularly in rural areas.
Using the Nominal Group Technique (NGT), selected to gain expert
consensus on the challenges faced in teaching CT, six experienced
computer science educators participated in structured virtual sessions to
identify and prioritise key instructional issues. The data were categorised
into five principal constructs, including difficulties with abstraction, lack
of student motivation, limited problem-solving abilities, absence of real-
world applications, and infrastructural constraints. Experts unanimously
agreed (100%) that gamified, real-life projects significantly increase
student motivation and understanding of CT concepts. The findings
suggest that immersive environments utilising Spatial.io and Unity can
enhance CT instruction by visualising abstract concepts, promoting
engagement, and enabling collaborative, gamified learning experiences.
Moreover, the study aligns with Malaysia’s Digital Education Policy
(DEP) by addressing the digital divide. A Metaverse-based learning
storyboard is proposed to promote CT components such as
decomposition, pattern recognition, and algorithmic thinking. The study
contributes to the growing body of research on immersive pedagogy and
offers a scalable model for CT education using virtual environments, with
implications for both educators and policymakers.
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1. Introduction

Computational thinking (CT) is a crucial cognitive ability in the modern digital
world. It is not only required in computer science but in any field where problem-
solving, abstractions, and the use of algorithms are vital (Supiarmo et al., 2022;
Anderson, 2016; Rafli et al., 2024). Educational reforms aimed at fostering higher-
order thinking and preparing students for a technology-driven future are placing
a greater emphasis on CT, much like literacy in reading and writing (Anderson,
2016; Zhu & Deng, 2024).

In recognition of its importance, Malaysia began integrating CT into its national
curriculum in 2017, through the Primary School Standard Curriculum and the
Secondary School Standard Curriculum (Kusnan et al.,, 2020). However, many
students reportedly struggle to understand CT concepts, resulting in low interest
in the subject (Asarani & Mohd Yassin, 2020). CT concepts are progressively
taught in subjects such as Fundamentals of Computer Science and Computer
Science, with a curriculum that emphasises logic and algorithm-based problem-
solving (Napiah & Hashim, 2021; Ministry of Education Malaysia, 2017). Despite
these efforts, many students still find it hard to apply CT effectively due to a weak
understanding of the basic concepts (Ariffin et al., 2022). They also lack sufficient
opportunities to practise higher-order thinking, especially in traditional
classrooms (Halim & Mahmood, 2024).

In rural areas, the problem is much more severe due to the absence of internet,
outdated pedagogical techniques, and limited information and communication
technology (ICT) hardware and software, all of which hinder effective CT
teaching (Anuar et al., 2021; Akil & Matore, 2023). Although the Ministry of
Education has provided various initiatives to support CT integration, achieving
equitable implementation remains a challenge (Akil & Matore, 2023; Han et al.,
2024). The consistently poor performance of secondary school pupils in computer
science classes, argue Halim and Mahmood (2024), highlights the urgent need for
improved instructional strategies that foster computational thinking.

Transitioning from conventional methods to pedagogies that engage the younger
generation through technology comes with its own challenges (Cilliers, 2017). A
systematic, engaging, and culturally relevant learning environment is essential to
ensure learning objectives are met, particularly in online or hybrid learning modes
(Halim and Mahmood, 2024). According to Sidek et al. (2020), incorporating
elements of local culture into classes significantly enhances student engagement
and motivation.

To address these challenges, immersive technologies such as the Metaverse offer
promising alternatives. Platforms like Spatial.io and Unity provide interactive,
collaborative, and gamified learning environments that can simulate real-world
scenarios, making CT concepts more accessible and meaningful (Zhang et al.,
2022; Kaddoura & Al Husseiny, 2023). The immersive and dynamic nature of
these platforms facilitates deeper learning, supports teamwork, and promotes
motivation through game-based experiences (Menezes et al., 2023; Said, 2023).
These virtual environments not only transcend physical infrastructure limitations
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but also create engaging learning spaces that are adaptable to students” diverse
needs.

Despite the theoretical benefits, few empirical studies have explored how
Metaverse-based learning environments can address the specific instructional
challenges of teaching CT in Malaysian schools, especially in rural contexts. This
research seeks to fill that gap.

The objectives of this study are to:

i. Identify challenges in traditional teaching methods for fostering computational
thinking skills.

ii. Explore the potential of Spatial.io and Unity in creating immersive and
interactive learning environments.

iii. Propose innovative approaches for enhancing student engagement and
understanding of computational thinking through gamification and Metaverse
integration.

2. Literature Review

2.1 Computational Thinking Skill

Computational Thinking (CT) has emerged as a core 21st-century skill that
empowers students with analytical, problem-solving, and algorithmic thinking
abilities (Supiarmo et al., 2022; Rafli et al., 2024). In line with the global trend of
incorporating CT into interdisciplinary learning, Malaysia formally introduced
CT into the national curriculum in 2017 through courses such as Computer
Science and Fundamentals of Computer Science (Napiah & Hashim, 2021). CT is
now commonly taught in schools through four main pillars, including
deconstruction, abstraction, pattern recognition, and algorithmic thinking
(Ministry of Education Malaysia, 2016).

Despite this integration, recent studies report that students demonstrate only
moderate levels of CT mastery, particularly in translating theoretical
understanding into real-world problem solving (Liu et al., 2023). Curriculum
inclusion alone is insufficient without appropriate instructional techniques, as
many students still lack the ability to solve complex problems systematically (Zhu
& Deng, 2024). Additionally, most CT programmes focus heavily on content
delivery, often overlooking learner diversity and failing to provide authentic,
contextualised experiences (Ezeamuzie et al., 2022; Yosepha et al., 2023). This
emphasises the gap between curriculum development and actual student results,
especially in rural and low-resource areas. The lack of immersive, relatable, and
student-centred methods further hinders the development of CT proficiency,
underscoring the need for pedagogical innovation.

This study responds to these identified gaps by examining instructional
challenges through expert consensus and exploring Metaverse-based approaches
as a novel intervention to strengthen CT instruction. It contributes to the existing
literature by focusing on the underexplored intersection between immersive
learning technologies and CT pedagogy within the Malaysian school context.
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2.2 Challenges of Traditional Teaching Methods in Fostering Computational
Thinking

Computational Thinking (CT) is a way of addressing problems based on
computer science principles. It is increasingly recognised as a crucial skill for
students in today’s digital age (Molina-Ayuso et al., 2024; Tsai et al., 2021). CT
teaches students to think analytically and gain a better understanding of systemic
processes, going beyond linear problem-solving approaches (Falloon, 2024;
Supiarmo et al., 2022). The application of CT has extended beyond its original
domain of computer science into other areas of education. Skills such as
decomposition, pattern recognition, and algorithmic reasoning have been shown
to improve learning in other fields (Saidin et al., 2021; Kastner-Hauler et al., 2022).
However, mastering CT poses significant challenges, especially for young
learners. The abstract nature of CT concepts often leads to difficulties, particularly
among students who have not been exposed to computing from an early age. This
is largely due to their cognitive developmental stage and the inherent complexity
of CT tasks (Su & Yang, 2023). Additionally, educators still find it challenging to
teach CT effectively, as students are often disengaged, and conventional methods,
such as textbook exercises and lectures, fail to make abstract concepts tangible
(Tsai et al., 2021; Zhu & Deng, 2024).

In many cases, students' engagement with CT is also influenced by their own
perceptions and identities. For example, whether they consider themselves “tech-
savvy”. This can lead to self-exclusion from computing-related learning
opportunities. As highlighted by Aslan et al. (2024), supporting students from
under-represented or less confident backgrounds requires intentional
instructional planning that fosters inclusiveness and relevance.

In addition, there is a concerning trend in the performance of Malaysian students
in international assessments like PISA 2022. Only 41% of Malaysian students
reached Proficiency Level 2 in mathematics, well below the OECD average of 69%,
while reading scores stood at 42% compared to the OECD average of 74%
(Department of Educational Planning and Policy Research, 2023). These findings
suggest that students continue to struggle with higher order thinking skills,
including those associated with CT.

Many educators still rely on conventional teaching methods that emphasise rote
learning and algorithm memorisation, offering limited opportunities for
collaborative and exploratory problem solving (Supiarmo et al., 2022). To address
these issues, CT instruction must evolve beyond lecture-based approaches.
Immersive platforms like Spatial.io offer promising alternatives by transforming
abstract CT concepts into interactive experiences, making learning more
accessible, engaging, and relevant to today’s learners.

Despite the growing recognition of CT as a foundational skill, current
instructional approaches remain largely traditional and insufficient in addressing
the challenges faced by diverse learners. Limited student engagement, difficulties
in abstract reasoning, and infrastructural constraints, especially in rural contexts,
highlight the need for innovative pedagogical solutions. Therefore, this study
seeks to explore how immersive technologies, particularly the Metaverse, can
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address these challenges and enhance the teaching and learning of Computational
Thinking in Malaysian secondary schools.

3. Methodology

3.1 Nominal Technique Group

The research implemented Nominal Group Technique (NGT) as a qualitative
approach to collect expert evaluation on challenges that Malaysian schools face
when teaching CT. The researchers picked NGT because its systematic evaluation
process allows participants to maintain equal input while obtaining mutual
consensus during expert evaluations (Vahedian-Shahroodi et al., 2023). The
participatory method NGT was first developed by Van de Ven and Delbecq (1971)
and has since become a widely used technique which active across education
institutions and public policy development as well as health institutions. The
research approach combines qualitative brainstorming with semi-quantitative
prioritization because of its effectiveness in instructional space detection and
evidence-based solution building (Andre et al., 1975; Mullen et al., 2021).

The systematic design of NGT supports balanced participant interaction and
eliminates dominance bias and reinforces valid research conclusions (Olsen,
2019). This research method is perfect for educational investigations because it
grants practitioners from intricate educational environments the ability to share
vital practical knowledge. In their research the researchers used NGT to evaluate
CT education obstacles while analysing Metaverse-based teaching approaches as
possible educational answers.

The research implemented purposive sampling methods to recruit six Malaysian
computer education teachers from diverse geographic areas thus achieving
participant representation across metropolitan and country areas. Six participants
were picked by the research team through three preselected criteria which
included more than five years of experience and both expertise in CT teaching and
prior digital interactive tool experience. The participant demographic selected
based on specific criteria obtained effective results that identified infrastructure
problems as well as teaching challenges present in various Malaysian educational
facilities (MacPhail, 2001; Lloyd-Jones et al., 1999). These participants
demonstrated complete expertise for conducting research about innovative CT
instruction through their combined experience in education systems and
extensive teaching backgrounds.

The virtual session of NGT took place on Google Meet due to accessibility
problems and geographical boundary restrictions. The session lasted two hours
which researchers deem sufficient for productive interactions between groups
according to Gibson and Soanes (2000). Research participants encountered study
goals followed by the initial question “What are the major challenges in teaching
computational thinking in Malaysian schools?” at the beginning of the first stage.
The NGT process implemented four sequential phases beginning with private
ideas followed by collective sharing and next moving to clarification and
consolidation before a final step involved ranking based on importance evaluation
(Vahedian-Shahroodi et al., 2023; Dang, 2015).
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The participants individually created initial challenge prevention ideas at the
beginning of the session before moving onto peer exchanges. Each participant
provided their first ideas through round-robin sharing without receiving any
evaluation during this step. The participants spent time discussing the generated
ideas to minimize confusion and exclusivity of similar concepts. Group members
evaluated the challenges in their last step for determining challenges where all
members found mutual agreement. The researchers collected detailed discussion
records by employing audio recordings and shared Google Forms as their
recording system. A thematic coding system following Mullen et al. (2021) was
used to review and understand analytical research data.

The research analysis revealed five fundamental elements which consist of (1)
irregular access to digital equipment and (2) inadequate training for CT
instructors along with (3) students displaying low interest and (4) theoretical CT
concepts being abstract and (5) insufficient indigenous content in educational
materials. Both immersion-based learning attributes and virtual characters and
simulation models in gamified interfaces create better student involvement and
conceptual understanding of CT according to the full agreement of research
members.

Multiple evaluation procedures were implemented by the researchers in order to
establish findings validity. The authors used the member checking process which
supported participants in verifying their recognized patterns of constructs. An
audit record kept for process oversight along with predictable coding protocols
ensured the reliability of the NGT process. Research ensured validity of
transferability by presenting detailed descriptions about participants alongside
their teaching environments alongside their session management practices
(Olsen, 2019; Mullen et al., 2021). Every procedure in this study obtained official
ethical authorization through proper governing institutions after participants
provided their consent. Both privacy protections of anonymity and confidentiality
remained active during the entire investigation duration.

The research findings delivered practical implications although the investigation
acknowledges its limitations. The study's small participant number is reasonable
because it focuses on intensive expert analysis regardless of broad statistical reach.
The virtual communication method that became mandatory introduced changes
to group interactions because necessary technological prerequisites existed. The
method generated findings grounded in reality that offer significant valuable
input to create immersive CT learning solutions suitable for Malaysian
educational contexts.

3.2 Sampling

The research selected six expert teachers through purposive sampling because all
participants specialized in both computer education and digital pedagogy. Four
expert teachers qualified for selection through having five years of teaching
experience combined with both CT instruction experience and knowledge of
technology-enhanced learning spaces (Vahedian-Shahroodi et al.,, 2023). The
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researchers selected these participants because they brought a deep
understanding of CT education challenges along with valuable insights about
solutions for the field. The representative sample consisted of education settings
across Malaysia featuring both schools from urban and rural areas to obtain
various insights about structural and teaching and sociocultural learning
obstacles (MacPhail, 2001; Lloyd-Jones et al., 1999).

The experts shared valuable field experience to help solve the research issue that
examines traditional teaching problems and potential Metaverse opportunities in
CT education. Teachers working directly with students in classrooms could
pinpoint challenges that included their specific learning contexts and recognize
whether technology solutions would be feasible in these environments (O’'Neil &
Jackson, 1983; Duggan & Thachenkary, 2004). The research engaged a group of
practitioners who already worked with innovative teaching approaches and
digital learning tools in limited resource environments thus establishing data
credibility based on real educational experiences. The research findings reached
high validity and practical values because the study designed selection of domain-
specialist participants who matched perfectly with its objectives (Andre et al.,
1975; Abdullah & Islam, 2011).

Table 1: Participant Profile

Expert Position Experience
E1 School ICT Coordinator 5 years

E2 Computer Science Teacher 10 years
E3 Computer Science Teacher 10 years
E4 School ICT Coordinator 8 years

E5 Head of Computer Science Panel 11 years
E6 Head of Technical and Vocational Department 16 years

4. Findings

Using the Nominal Group Technique (NGT), all expert participants agreed on the
25 items presented as challenges in teaching and learning Computational
Thinking in the Fundamental Computer Science subject. These items were then
grouped into five main constructs, as pictured below. In line with the study's aim,
all five constructs were extensively discussed in a two-hour NGT session with the
six expert teachers.
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Computational Thinking
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and Motivation
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Figure 1: Construct Challenges in Learning and Teaching Computational Thinking
Agreed by Experts

Table 2: Expert concensus on challenges faced by students in learning CT.

1. Construct Difficulty in Understanding Abstract Concepts

Items / Elements Percentage Rank Voter
Priority = Acceptance

Status

Understanding problem decomposition in 72.22 6 Accepted

computational thinking is something students

typically struggle with.

Abstraction is a confusing concept for most 94.44 2 Accepted
students as they do not understand how it is

applied to real life.

Students spend a great deal of time trying to 94.44 2 Accepted
comprehend the abstract concepts of

computational thinking.

Providing an abstract concept alongside a 100 1 Accepted
visualisation or concrete example can make the

concept more comprehensible.

By providing less complex problems to be 88.89 3 Accepted
solved, teachers can assist students in

comprehending abstract concepts.

2. Construct Lack of Interest and Motivation

Students display a lack of interest in 72.22 6 Accepted
computational thinking due to it being

perceived as overly complex and difficult.

Students tend to be more active participants 100 1 Accepted
when they work on projects that require them

to practice their computational thinking skills.

Challenge-based or game-like activities can 100 1 Accepted
enhance students' motivation for learning
computational thinking concepts.
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Students are more motivated to learn
computer science when its applications in
everyday life are made visible to them.

By allowing students the choice of the topic or
project, teachers are likely to enhance their
students’ interest in learning.

100

83.33

4

Accepted

Accepted
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3. Construct Challenging Issues Involving Problem Solving Skills

Students experience stress when faced with
tasks that require integration of several
elements of computational thinking.

Students tend to give up on complex problems
with no apparent direction for tackling them.

Teachers need to provide more exercises that
guide students in breaking down and solving
complex problems.

Students find it easier to solve complex
problems when given step-by-step examples.

Students need additional tools or resources to
help them overcome problems involving many
steps.

72.22

7222

94.44

94.44

94.44

6

Accepted

Accepted

Accepted

Accepted

Accepted

4. Construct Lack of Practical Applications

Students are more interested in learning
when they see how computational thinking
can be used in their daily lives.

Practical applications in computational
thinking help students understand theory
better.

Projects involving real-world problem-
solving provide more meaningful learning
experiences for students.

Computational thinking will be easier to
understand if students can see examples of
how it is used in the technology industry.
The use of easily accessible tools and
software can help students apply
computational thinking concepts more
effectively.

100

100

100

100

100

Accepted

Accepted

Accepted

Accepted

Accepted

5. Construct Resource and Infrastructure Constraints

A lack of resources such as computers and
software make it difficult to teach
computational thinking in schools.

Students face difficulties accessing online
learning materials due to insufficient digital
infrastructure.

Providing more digital learning resources
can improve the effectiveness of teaching
computational thinking.

Limited internet connectivity in schools
affects the online learning process for
computational thinking topics.

77.78

83.33

94.44

94.44

Accepted

Accepted

Accepted

Accepted
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Improving infrastructure support, such as 100 1 Accepted
better computer rooms or internet access,

can help enhance computational thinking

learning in schools.

Note: Acceptance percentages 270%

The results based on the Nominal Group Technique (NGT) session, attended by
six experts in Computer Science, are presented in this section. Twenty-five
elements were discovered and categorised into five primary constructs. These
results are directly aligned with the objectives of the study and inform the
recommended actions. In relation to the first objective, to identify the challenges
in conventional teaching strategies for developing computational thinking (CT)
skills, five key constructs emerged. These include difficulty in understanding
abstract concepts, lack of interest and motivation, challenges in problem-solving
skills, lack of practical application, and resource and infrastructure constraints.

According to the experts, many students have issues with understanding abstract
concepts in CT, such as decomposition and abstraction, especially when these are
not grounded in real-world scenarios. This difficulty is exacerbated by the use of
conventional teaching methods that rely heavily on verbal explanations and
textbook-based learning. Students’ lack of interest was also associated with
perceptions of CT as too complicated and unimportant. The experts found that
students engagement improved significantly when CT was taught through
interactive, gamified exercises or real-world projects that align with students'
interests. In terms of problem-solving, many students said that integrated or
multi-step assignments were too much for them. In order to help students
understand and solve complicated issues, the experts emphasised the importance
of using more guided, scaffolded teaching methodologies.

The experts also highlighted the limited application of CT in meaningful,
everyday applications, which leads to a disconnect between theory and practice.
When students cannot relate CT to real life, their motivation and understanding
decline. Lastly, infrastructural limitations, especially in rural schools, continue to
hinder the effective implementation of CT, as many students lack access to
devices, software, and reliable internet. Experts noted that the lack of essential
resources such as computers and educational software significantly impedes the
delivery of CT instruction effectively. Insufficient internet access, especially in
rural places, further restricts the use of the full potential of online Metaverse
platforms and services (Tan et al., 2024). This condition exacerbates the uneven
learning opportunities and the digital gap in CT education.

The results of the second objective, which investigates the potential of Unity and
Spatial.io to establish immersive and interactive learning environments, indicate
that these platforms are capable of resolving a variety of the challenges identified.
The need for visual and interactive representations of abstract CT concepts can be
met through the use of 3D visualisations and simulations in Spatial.io.
Furthermore, Unity's capabilities in developing game-based learning experiences
align with expert recommendations for enhancing student motivation through
engaging and challenge-based tasks. Additionally, the interactive nature of these
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platforms enables students to investigate CT principles in real-time, collaborative,
and scenario-based environments, thereby bridging the gap between theoretical
knowledge and practical application.

The findings also provide a clear direction for the third objective, which is to
propose innovative approaches to improve student engagement and
comprehension of CT through the integration of the Metaverse and the
gamification. Experts unanimously agreed on the effectiveness of project-based
and gamified learning strategies. These strategies can be integrated within a
Metaverse learning environment, allowing students to engage with simulated
real-world challenges, collaborate on problem-solving, and investigate virtual
worlds. In addition, the Metaverse environment enables greater student agency,
where learners can choose tasks based on interest, thus increasing motivation and
participation. To address these infrastructure issues, the study proposes a
lightweight and adaptable Metaverse design that enables content usage both
online and offline, with the potential to be hosted on local school servers.

In summary, the findings highlight a strong alignment between the instructional
challenges identified and the immersive strategies proposed. Each construct
identified through expert consensus is directly addressed by elements embedded
in the Metaverse storyboard, ensuring that the intervention is both contextually
relevant and pedagogically effective.

5. Proposed Solution

5.1 Metaverse

The Metaverse, defined as a virtual 3D environment where digital and physical
realities combine, offers transformative potential in education (Zhang et al., 2022).
In the Malaysian context, where challenges such as limited infrastructure in rural
areas and traditional instructional approaches persist, the Metaverse emerges as
a strategic response to educational barriers (Naim & Hua, 2024). As shown by
Chen et al. (2023), Metaverse environments promote learner engagement and peer
interaction, critical elements for improving students” motivation and participation
in Computational Thinking (CT) instruction.

The immersive nature of the Metaverse supports simulations, virtual role-playing,
and collaborative tasks that help students understand abstract CT concepts such
as decomposition and pattern recognition, skills often difficult to teach using
traditional methods. These environments allow students to manipulate virtual
objects and receive real-time feedback, offering a more tangible learning
experience (De La Asuncion Pari-Bedoya et al., 2023). In Malaysian classrooms,
where students have shown low engagement and difficulty with abstraction, such
experiences directly respond to these challenges.

Recent studies have further demonstrated the effectiveness of Metaverse-based
learning in improving academic engagement and problem-solving skills. Lam and
Norman (2024) report improvements in student performance and interest when
science content is delivered through Metaverse platforms. Similarly, Pyae et al.
(2023) highlight how Metaverse use promotes 21st-century skills such as
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collaboration and critical thinking, key components of CT pedagogy. In line with
this, Kamsulbahri and Norman (2024) found that integrating the Metaverse in
subjects like history increases student attention and knowledge retention.

From an accessibility perspective, Metaverse technologies can help bridge gaps
for rural students by creating equitable, gamified learning spaces. Platforms like
Spatial.io and Gather.Town support learner interaction through avatars, team
projects, and gamification elements such as leaderboards and badges, enhancing
motivation even in under-resourced settings (Krishnan et al., 2021; Pyae et al.
2023). These features are particularly relevant in the Malaysian context, where
uneven ICT distribution and internet access hinder equitable access to quality
education.

Moreover, the Malaysian government’s commitment through the Digital
Education Policy (DEP) 2023 supports the integration of digital technologies, such
as the Metaverse, into education (Ministry of Education Malaysia, 2023). This
policy reflects a broader national strategy to prepare students for the digital
economy, making the adoption of immersive and student-centred methods both
timely and necessary. As Camilleri (2024) and Loépez-Belmonte et al. (2023)
suggest, Metaverse environments not only simulate real-world contexts but also
serve as bridges between academic knowledge and practical skills.

Nevertheless, adoption must be supported by teacher training and appropriate
policy safeguards. As noted by Makrakis (2024), enhancing teacher self-efficacy is
crucial for effective use of Metaverse-based tools. Without suitable training and
pedagogical frameworks, the potential benefits of Metaverse integration may not
be fully realised. Tan et al. (2024) also emphasise the need to adapt instructional
methods to digital learners, particularly in language and CT-related domains.

In conclusion, the Metaverse offers a viable, immersive solution that directly
addresses key issues identified in CT instruction, such as low motivation,
difficulty with abstraction, and infrastructural inequality, particularly in the
Malaysian context. While challenges such as digital access and privacy remain,
the Metaverse provides a scalable and innovative pedagogical approach aligned
with both global trends and local educational needs (Ibrahim et al., 2025).

While the Metaverse holds considerable promise for addressing issues such as
geographical isolation and digital engagement, significant challenges remain,
particularly around access to technology, privacy concerns, and societal readiness
for rapid technological change. As with any emerging innovation, it is essential to
acknowledge these limitations while strategically deploying Metaverse
capabilities to maximise future opportunities for inclusive and transformative
education.

5.2 Spatial-Unity Integration for Immersive Learning

Unity and Spatial.io are powerful platforms that, when integrated, offer
immersive and interactive learning environments aligned with 21st-century
educational needs. Unity, a globally recognised game engine, provides real-time
rendering and interactive simulation capabilities that educators can utilise to
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design engaging learning content across subjects (Lin et al., 2022). Through
Unity’s functionality, teachers can develop simulations and virtual experiences
that support students” understanding of computational concepts.

On the other hand, Spatial.io enables the creation of immersive virtual worlds
using the Spatial Creator Toolkit, which is directly compatible with Unity
(Sriworapong et al.,, 2022). Within this environment, students benefit from
engaging with content through gamified learning tasks, avatars, and collaboration
spaces that promote motivation and enhance learning outcomes (Vate-U-Lan &
Cahill, 2024; Pujasari et al., 2024). For example, learning modules on English
spatial prepositions delivered in Spatial.io led to significantly improved test
scores, illustrating its effectiveness as a pedagogical tool (Vate-U-Lan & Cahill,
2024).

The integration of Ready Player Me avatars allows learners to personalise their
digital identity, contributing to increased social presence and motivation (Seo et
al., 2017). Avatars provide a more engaging way to participate in discussions,
collaborate on assighments, and explore abstract CT concepts in a contextualised
manner (Abdullah & Norman, 2024). Additionally, Spatial.io promotes digital
literacy and social interaction, as students engage with content through avatars in
a shared environment, thereby enhancing collaborative learning experiences
(Pujasari et al., 2024).

The Spatial Creator Toolkit further allows educators to embed dynamic visual
elements such as shaders and animated assets into their virtual environments.
Alabau et al. (2024) demonstrated how this was used to simulate Mars
exploration, offering a rich learning experience that supports inquiry-based and
problem-solving instruction. This reinforces the importance of gamified and
visual learning for making abstract CT concepts tangible.

In summary, integrating Unity with Spatial.io creates an immersive and
interactive platform that directly addresses key challenges identified in this study,
such as difficulties with abstract thinking, lack of student motivation, and the
need for contextualised CT learning. This integration is particularly relevant in
the Malaysian education context, where digital tools are being increasingly
explored to overcome traditional pedagogical limitations.
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library, gazebo, and pergola.

Item Placement: Active items are placed on the right and relaxing items

on the left, aiding in identifying functional arrangement patterns.

Use hints to develop
pattern recognition skills.

MISSION 2:
MAZE ADVENTURE

« Objective: Users navigate a maze

using a map, employing
decomposition and pattern
recognition.

« Activity: Users plan their escape by

dividing the maze into sections,
identifying paths, and using
pattern  recognition to find
efficient routes while avoiding
obstacles.

Figure 2: Storyboard using Metaverse to Learn Computational Thinking

The proposed storyboard outlines two immersive missions designed in Spatial.io
using Unity, aimed at addressing the specific Computational Thinking (CT)
challenges identified during the NGT session, including difficulty with
decomposition, pattern recognition, and low motivation, particularly among non-

IT learners.

In Mission 1: Build a Happy Neighbourhood Park, students are instructed to plan
and design a virtual park that includes elements such as a gym, café, reading
room, and court. This task intentionally applies the CT skill of decomposition by
requiring learners to break down the overall task into smaller sub-tasks (e.g.,
organising active vs. relaxing zones). The park layout, with active items (gym and
court) on the right and relaxing items (café and reading room) on the left, supports
pattern recognition, allowing learners to identify spatial logic through repeated
structural arrangements. This mirrors real-life planning skills and was created in
response to expert feedback that abstract CT concepts need to be supported by
visualisation and relatable contexts (Ding & Zainudin, 2024; Choi & Yang, 2025).
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In Mission 2: Maze Adventure, learners apply CT by navigating a maze using
decomposition and pattern recognition. They analyse the layout, plan escape
routes, eliminate dead ends, and adapt their path using hint prompts. These
mechanisms directly address the NGT findings, where experts highlighted
students' stress and disengagement when faced with multi-step problems (Halim
& Mahmood, 2024). The gamified design increases motivation, aligning with Pyae
et al. (2023), who advocate for Metaverse-based learning games to enhance CT
engagement.

The storyboard's user-friendly structure makes it accessible to learners with no
computing background. This addresses the concern that non-IT students often
struggle with CT due to the abstract nature of its concepts. Choi and Yang (2025)
emphasise that Problem-Based Learning (PBL), embedded in real-world
scenarios, supports concept acquisition across disciplines. The missions provide
exactly this, using project-based challenges to foster engagement and improve
understanding.

Gamification elements, such as avatar design, social interaction, and task
progression, further enhance motivation and collaboration. Platforms like Ready
Player Me allow learners to personalise avatars, which has been shown to increase
ownership and participation in digital learning (Seo et al., 2017). The use of
avatars in discussions and group activities reinforces digital identity and social
presence (Abdullah & Norman, 2024), which are critical for increasing
engagement among disengaged learners.

The integration of Unity and Spatial.io through the Spatial Creator Toolkit allows
educators to design interactive environments with layered animations, shaders,
and dynamic scenes. For example, Alabau et al. (2024) demonstrated how Mars
exploration simulations using this toolkit provided an immersive learning
experience, illustrating its broader educational potential. Similarly, the avatar-
based interaction and immersive world-building in Spatial.io improve both
collaboration and digital literacy (Pujasari et al., 2024; Vate-U-Lan & Cahill, 2024).

Together, these missions support the CT components of decomposition and
pattern recognition while simultaneously addressing low motivation and
accessibility for non-technical students. As supported by Onu et al. (2024) and
Ajang and Yasin (2024), such interactive and gamified designs significantly boost
learning motivation and performance. This storyboard, based on expert
consensus and pedagogical theory, offers a practical model for future Metaverse-
based CT learning environments in Malaysian secondary schools.

6. Discussion

This study examined the integration of Metaverse technologies in enhancing the
teaching and learning of Computational Thinking (CT) in Malaysian secondary
schools. The results from the Nominal Group Technique (NGT) session revealed
five key challenges with current CT instruction, including difficulty in
understanding abstract concepts, lack of motivation, weak problem-solving skills,
insufficient real-life applications, and infrastructure limitations. Experts
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confirmed that immersive, gamified environments, particularly those developed
using platforms such as Spatial.io and Unity, could potentially address these
issues. These findings align with prior studies supporting the use of immersive
technologies to enhance problem-solving, student engagement, and conceptual
understanding (Pyae et al., 2023; Lam & Norman, 2024).

Traditional methods of CT often rely on textbook-driven tasks, static explanations,
and limited interactivity. These methods are inadequate in conveying abstract and
procedural CT concepts to students with diverse learning needs. In contrast,
Metaverse-based environments offer multi-sensory engagement, real-time
feedback, and interactive simulations. For example, in this study’s prototype
missions, students explored virtual parks and mazes where CT skills such as
decomposition and pattern recognition were embedded into gameplay. These
learning experiences simulate real-world challenges in a way that traditional
classroom teaching cannot, thereby fostering deeper engagement and
understanding, an improvement noted by experts during the NGT session.

The study’s findings suggest that immersive virtual environments offer
meaningful alternatives to conventional pedagogies. Students” motivation
increased when they were allowed to make choices in their learning and exposed
to game-based challenges. In Mission 1 (Neighbourhood Park) and Mission 2
(Maze Adventure), students were required to apply CT skills to solve context-
based problems, thereby practising higher-order thinking in a simulated
environment. These scenarios align with gamified and exploratory learning
approaches discussed in literature (Zhang et al., 2022; Menezes et al., 2023; Pyae
et al., 2023). The challenge of “difficulty with abstraction”, identified in the NGT
findings, was also addressed through the use of 3D visualisations that allow
learners to manipulate virtual elements, a significant advantage over passive
lecture methods.

Furthermore, the ability to create and personalise avatars enhances students’
sense of agency and social presence, contributing to increased engagement.
Platforms such as Ready Player Me allow learners to design digital identities that
reflect their preferences, thereby fostering greater motivation and ownership in
the learning process. Seo et al. (2017). In addition, the Metaverse offers a unique
opportunity to democratise access to high-quality educational resources.
Technologies within this environment are often cross-platform compatible,
enabling students from diverse backgrounds to engage in learning beyond
hardware limitations (Sriworapong et al, 2022). Nevertheless, teacher
preparedness remains essential. As highlighted by Makrakis (2024), digital
integration alone is insufficient unless teachers are equipped with the necessary
skills and confidence to facilitate learning in these new environments.

While this study focuses on student outcomes, teacher readiness is equally vital.
The transition to Metaverse-based learning requires teachers to be trained not
only in digital tools but also in the instructional design of immersive
environments. According to Makrakis (2024), teacher self-efficacy is a crucial
factor in successful digital integration. Educators need professional development
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in areas such as gamification, facilitation within 3D environments, and the
assessment of student performance in non-traditional settings. The Metaverse
does not replace the teacher, but it repositions them as facilitators and experience
designers.

Despite the benefits, implementation challenges remain. As the findings show,
schools, especially in rural areas, face infrastructure limitations such as lack of
computers and internet connectivity. These barriers may hinder the equitable
deployment of Metaverse-based strategies. To address this, the proposed solution
includes modular, lightweight experiences that can function offline or on local
servers. As supported by Tan et al. (2024), addressing infrastructure readiness is
essential to prevent further widening of the digital gap. Furthermore, privacy and
accessibility concerns were raised during the NGT session, reflecting the
importance of ethical and inclusive design in digital education tools.

This study focused on expert feedback gathered through the NGT method, which,
while insightful, is limited by the small number of participants (six teachers). The
study did not collect direct student performance data or conduct classroom
observations, which limits the generalisability of the findings. Additionally, the
missions tested (e.g., Park and Maze) were prototype simulations that require
further empirical testing in real classroom environments to comprehensively
evaluate learning outcomes.

Future studies should involve a larger, more diverse sample of teachers and
include student voices through surveys or focus groups. Experimental studies
could be designed to measure the effectiveness of Metaverse-based CT instruction
on student performance, motivation, and cognitive development. Moreover,
collaboration with policymakers is encouraged to explore how national digital
education strategies, such as Malaysia’s Digital Education Policy (DEP 2023), can
integrate Metaverse learning into mainstream curricula. Research should also
explore differentiated Metaverse environments for students with special needs or
low digital literacy to ensure inclusivity and universal applicability.

Integrating Metaverse technologies with CT pedagogy presents both
opportunities and responsibilities. This study provides early evidence that such
integration, when informed by expert consensus and grounded in immersive
learning theory, can address the core challenges of CT instruction. However, its
success depends on thoughtful design, equitable access, and sustained support
for teachers and learners.

7. Conclusion

This study explored the integration of Metaverse technologies into Computational
Thinking (CT) instruction in Malaysian secondary schools, identifying five major
challenges, including difficulty with abstract concepts, low motivation, weak
problem-solving skills, limited real-life applications, and infrastructure gaps.
Expert consensus, gathered through the Nominal Group Technique (NGT),
revealed that immersive and gamified environments, developed using platforms
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such as Spatial.io and Unity, have strong potential to address these barriers by
offering interactive, visual, and engaging learning experiences.

These findings affirm that Metaverse platforms can serve as alternative
pedagogical tools, particularly in contexts where traditional methods fail to
support student engagement and higher-order thinking. However,
implementation requires more than technology alone. Teacher readiness,
equitable infrastructure, and curriculum integration are crucial. Aligning with
Malaysia’s Digital Education Policy (DEP), this study underscores the need for
supportive policies, including professional development for educators and
targeted funding to reduce the digital gap, especially in rural areas.

Future efforts should prioritise large-scale, classroom-based pilot studies to
evaluate the actual impact of Metaverse learning on student achievement and
engagement. Research should also examine how local culture can be embedded
into virtual environments to enhance relatability and motivation. Moreover,
conceptual models involving stakeholders, including teachers, policymakers, and
tech developers, must be further refined to ensure the scalability and
sustainability of Metaverse-based learning.

While this study provides early expert-based insights, it acknowledges its
limitations, particularly the small sample size and absence of student data.
Nonetheless, the findings offer a practical foundation for reimagining CT
education. With collaborative support from all sectors, immersive technologies
have the potential to equip students with the cognitive skills and digital fluency
required in today’s fast-evolving world.
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