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Abstract

The potential of the Metaverse to create immersive learning spaces in higher education is promising, but the implementation
complexities pose an enormous challenge. Currently, there is little to no research concerning the Metaverse component readiness
gap. Most existing studies focus either on the technological factors in isolation, such as VR/AR extensions, or user attitudes, without
merging the technological, organizational, and environmental dimensions into a unified framework. Following the guidelines of the
PRISMA methodology, 32 documents indexed in Scopus, were systematically identified to address this gap. A thematic analysis
synthesized 55 distinct readiness factors into ten clusters, which were then mapped to the Technology-Organization-Environment
(TOE) framework. The identified themes include Immersive Learning Experience (ILE), System & Service Quality (SQ), Perceived
Performance Value (PPV), Ease Simplicity and Learnability (ESL), Risk, Security and Concerns (RSC), Personal Readiness (PR),
Affective & Motivational Factors (AMF), Pedagogical & Knowledge Competence (PKC), Social Influence & Norms (SIN), and
Institutional Support & Facilitating Conditions (ISFC). The findings reveal a dominance of quantitative research in current literature,
highlighting a critical need for future mixed methods approaches to capture the qualitative experiences of stakeholders. Practically,
this study provides educational leaders and policymakers with a robust, multi-dimensional framework to assess institutional
capabilities, prioritizing not just hardware, but the realignment of human capital and governance required for a sustainable Metaverse
transition.
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1. Introduction

According to extant literature, the Metaverse is considered to be the next major leap in the evolution of the Internet,
where the digital and the physical world will be integrated into a stimulating and interactive 3D environment, in which
customers and suppliers will be able to engage with the environment in various ways (Buhalis et al., 2023; Hwang &
Chien, 2022; Lee et al., 2021). Various technologies, such as Virtual Reality (VR), Augmented Reality (AR), Internet
of Things (IoT), Artificial Intelligence (Al), and blockchain, allows the users to interact with different worlds of the
Metaverse through their avatars. On some platforms, users can also design digital assets that can be moved and used in
different places every time they visit the platform (Dwivedi et al., 2022; Zhang et al., 2022; Wei, 2022).

Higher Education has utilized the Metaverse in many sectors, such as education (Kye et al., 2021; Mystakidis, 2022),
finance (Belk et al., 2022), and in healthcare and retail (Bansal et al., 2022; Dwivedi et al., 2022). Concerning higher
education, the Metaverse has great prospects to enhance changes in teaching, learning, and experiences throughout the
multi-dimensional campus and academic settings (Lopez Belmonte et al., 2022; Prieto et al., 2022). Within the
Metaverse, the vision to create and integrate 3D environments in which students and instructors can communicate as
avatars to perform 3D problem-solving, learning activities, and construct different types of simulations which may be
difficult, dangerous, or too expensive to use in the real world (Han, 2020).

However, research on the Metaverse has not been commensurate with the growing necessity for conceptual and
empirical understanding regarding the readiness of e-learning, digital platforms, and immersive technologies. The
majority of existing studies characterize the Metaverse merely as an extension of generic VR/AR or the development
of 3D graphical environments. Furthermore, many studies examine isolated factors such as technology access, user
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attitudes, or infrastructure, without systematically integrating technological, organizational, and environmental
dimensions into a unified model (Dwivedi et al., 2022; Hwang & Chien, 2022). Consequently, higher education
institutions lack clear, evidence-based guidelines on how to assess their readiness for the Metaverse, as well as which
indicators must be prioritized to ensure an equitable and sustainable implementation (Al-Adwan, 2020). Therefore, there
is an imperative need to empirically develop and validate a multidimensional Metaverse readiness framework to guide
policymakers and practitioners in preparing for its implementation in higher education (Dwivedi et al., 2022; Prieto et
al., 2022). Based on this background, this review aims to address the following research questions:

RQ1: What are the factors and aspects of Metaverse readiness in higher education, as outlined in the extant
literature?

RQ2: How can the synthesized readiness components be constructed into a multidimensional framework to
assess Metaverse readiness in higher education?

This article has the following structure: the explanation of the methodology of the systematic literature review will be
presented in Section 2. Findings from the systematic literature review will be presented and analyzed in Section 3, from
there a discussion and the implications of the study will follow in Section 4. Lastly, Section 5 will provide some
concluding remarks, and will finish with the study's limitations and suggestions for future work.

To guide the analysis, several key constructs are used to explain how higher education institutions assess their readiness
for Metaverse integration. This readiness is shaped by three main dimensions: technological readiness, organisational
readiness, and environmental readiness (Tornatzky & Fleischer, 1990). To ensure analytical rigor and practical validity,
this study adopts a systematic approach that conceptualizes these three dimensions into an integrated multi-dimensional
readiness framework.

2. Methods

This section outlines the review process to achieve the research objective. In order to enhance the transparency and
reliability of the selection, assessment, and synthesis of the studies, we followed the PRISMA framework on study
selection and synthesis (Albhirat et al., 2024). In alignment with the review process PRISMA, we conducted the review
in three phases. The first involved the selection and identification of pertinent studies. The second involved the
assessment of the relevance and the quality of the studies. The last phase involved the extraction and synthesis of the
data. Each of these phases is elaborated in the following subsections.

1) Step 1: Identification and selection of relevant studies

The first phase entailed a systematic literature search within the Scopus database (January 2012 — July 2025), chosen
for its comprehensive indexing of high-standard academic literature. Prioritizing Scopus over individual publisher
searches serves as a robust search strategy that not only ensures a wide selection of reliable sources and accurate results
but also guarantees the methodological replicability required for a rigorous review. The review utilized the following
search string: (“Metaverse” OR “Virtual Reality” OR “Augmented Reality” OR “XR”) AND (“readiness” OR
“preparedness” OR “framework”) AND (“higher education” OR “university”). This initial identification process yielded
a total of 2,898 documents. To refine this extensive pool, an initial screening of titles, abstracts, and keywords was
conducted, reducing the dataset to 356.

2) Step 2: Assessment of Quality and Relevance of Studies

The 356 studies retained from the preliminary screening were subjected to a rigorous, multi-stage assessment process
to ensure alignment with the study's objectives. First, indexing inconsistencies and duplicates (n=58) were removed,
and specific exclusion criteria (Table 1) were applied to filter out non-higher education contexts or purely technical
papers. This resulted in 79 articles being selected for full-text eligibility assessment.

In the final screening round, a complete paper review was conducted by a team of four authors. At this stage, articles
that failed to address readiness dimensions or focused solely on technical specifications were excluded. This cumulative
process, moving from the initial 2,898 documents through multiple screening rounds resulted in a final inclusion of 32
articles. These 32 documents form the basis of the systematic review and the subsequent thematic analysis. Figure 1 is
the complete protocol showing the flowchart for the literature review.
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Table 1. Selection criteria of the SLR

Criterion Criterion Values

Period of publication January 2012 to July 2025

Language English

Study Type Peer-reviewed journal articles (except review papers), conference
proceedings.

Population Higher education institutions

Concept Readiness frameworks, models, indicators for Metaverse or
immersive tech (AR/VR/XR)

Context Higher education settings globally

Content Not primary and secondary education

Not general digital transformation models unrelated to Metaverse
Not non-educational or purely technical papers
Not Opinion papers, blogs, news articles

3) Step 3: Data extraction and synthesis

For data extraction, a structured spreadsheet was utilized to organize metadata including authors, publication year,
country, research design, and theoretical constructs. To ensure methodological rigor and minimize subjective bias, the
review protocol was collaborative. The authors collectively delineated and discussed the findings to synthesize the data
into emerging themes. A consensus-based approach was adopted to validate the coding process; specifically, any
differences in interpretation regarding the categorization of readiness factors were discussed and reconciled among the
researchers until an agreement was reached. This collaborative verification process ensured the validity of the final 55
readiness factors and 10 themes presented in the findings.
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Fig. 1. Step of systematic literature review (Page et al., 2021)
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3. Results
3.1. Current state of research on Metaverse Readiness

Although the search spanned the period from January 2012 to July 2025, studies specifically focusing on Metaverse
Readiness only began to emerge in 2022 (Fig. 2). Subsequently, this trajectory has demonstrated a significant upward
trend, as evidenced by a 71.875% increase in publication volume over the past two years (2023-2024).

AS Al-Adwan (2023)
Extending the
Technology Acceptance Model (TAM)
to Predict University Students’

Intentions to Use Metaverse-Based Al-kfairy et al. (2025)
Learning Platforms Understanding Trust In Educational
Prediction of Users Intention Metaverse:
to {Js‘a l\gefa;/g:e S{Sfem The Role Of Social Cognitive Theory
in Medical Education Constructs And Perceived Risks
5 publication 15 publication
2022 2023 2024 2025

AF Alkhwaldi - 2024

Almarzouqi(2022) Investigating the Social Sustainability of

Prediction of Users Intention Immersive Virtual Technologies in Higher
to Use Metaverse System Educational Institutions: Students’
in MediCa’ EduCa”Oﬂ Perceptions toward Metaverse

Technology

Fig. 2. Timeline of empirical studies on Metaverse readiness

Based on 32 studies, United Arab Emirates and Jordan dominate the studies with 14 (44%), establishing the Middle
East and North Africa (MENA) region as the precedence of Metaverse readiness research with higher education. It is
followed by the Asia-Pacific region with 8 studies (25%), wherein China and India each contributed 3 studies (9.4%),
and Indonesia and Oman each had 2 studies (6.3%). Altogether, Asia-Pacific and MENA regions contributed 56.3% of
the studies. Europe contributed 9.4%, the Americas 6.3%, cross-country collaborations 3.1%, and the rest of MENA
regions with 9 other countries each having single contributions (totaling 3.1%). Figure 3 offers an elaborate visualization
of the distribution of literature.

Fig. 3. Distribution of studies on Metaverse readiness

Influential articles (shown in fig 2) in the the field of Metaverse Readiness are dominated by publications originating
from the United Arab Emirates and Jordan, as evidenced by high citation counts that demonstrate a significant and
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continued upward trajectory (see Table 2). These findings underscore the region's position as a global hub for the
development of Metaverse readiness research.

Table 2. List of journals and proceeding

No Journal/ Proceeding Count
1 Education and Information Technologies 4
2 Heliyon 3
3 Sustainability 2
4 Computers & Education 2
5 Frontiers in Psychology 2
6 IEEE Access 1
7 Informatics in Medicine Unlocked 1
8 Kybernetes 1
9 Contemporary Educational Technology 1
10 Electronics 1
11 Computers and Education: Al 1
12 International Journal of Organizational Analysis 1
13 Smart Learning Environments 1
14 International Journal of Data & Network Science 1
15 South Eastern European Journal of Public Health 1
16 Journal of Applied Research in Higher Education 1
17 Emerging Science Journal 1
18 Journal of Social Studies Education Research 1
19 Journal of Computers in Education 1
20 Peer] Computer Science 1
21 Technology Forecasting and Social Change 1
22 Discover Sustainability 1
23 Information Technology for Education and Society 1
24 Minia Journal of Tourism and Hospitality Research 1
25 2024 2nd Intl Conf Intelligent Metaverse Technologies 1
26 Current and Future Trends on Intelligent Tech 1
27 Strategies & Opportunities for Technology in 4IR 1

The strong influence of research in the area is supported by the impact of the solid coverage of publications in various
recognized research outlets. The literature on Metaverse readiness consists of statistically 29 journal articles (90.6%),
two book chapters (6.3%), and one conference proceeding (3.1%). The publications are distributed in a wide variety of
journals and most of these journals contain a single publication. The exceptions are Education and Information
Technologies which is most dominant with four publications and Heliyon with three, while Sustainability, Computers
& Education, and Frontiers in Psychology have two publications each.

In terms of research design, the dominance of quantitative methods stands at 93.75%, while both qualitative and mixed
methods occupy only 3.1% each. Statistical analyses in the quantitative approaches made it possible to evaluate and
compare student readiness and behavioral intentions, as well as identify patterns among various educational settings.
Most of the studies collected data through the surveys so as to facilitate the findings, which increased their
generalizability. The predominant data analysis methods used to explore the socio-psychological factors of acceptance
of the Metaverse across different fields, including medicine, sports, science, and TESOL, were Structural Equation
Modeling (SEM) and Partial Least Squares (PLS-SEM) Modeling. Additionally, eight studies combined different
liacross NE) and other machine learning (ML) or artificial intelligence (AI) methods (e.g., artificial neural networks
(ANN), random forest, and decision trees) to improve their forecasting ability and to better explain patterns of Metaverse
Readiness, including lower levels of readiness. A detailed account of these various data analysis methods can be found
in Table 3.

227



Erianda et.al | Journal of Applied Science, Engineering, Technology, and Education, 2022, 4(1): 223-245

Table 3. Statistics of data analytics techniques

No Data Analytics Technique Percentage
1 SEM 78.1

2 SEM-ML 6.3

3 PLS-SEM-+ML 3.1

4 SEM-ANN 6.3

5 PLS-SEM 3.1

6 Expert-based descriptive 3.1

In line with the widespread use of quantitative approaches and the utilization of SEM technologies for examining
psychological factors, many of these studies use existing models of technology readiness to build their theoretical and
methodological frameworks. Fig. 4 displays that the Technology Acceptance Model (TAM) is the most influential
theoretical model used and is used in 10 papers followed by the Unified Theory of Acceptance and Use of Technology
2 (UTAUT?2) in 9 papers and the Extended TAM in 8 papers. Furthermore, several studies have begun to integrate
education-specific models, for example TPACK and Task-Technology Fit (TTF), to take the analysis to even greater
depth regarding alignment of Metaverse technological capability with pedagogical requirements. This use of theories
illustrates further that evaluating Metaverse readiness in higher education is still mainly concerned with the aspects of
how people perceive it that may be perceived as easy or useful.

TAM (Technelogy Acceptance Model)

UTAUT2 (Unified Theory of Acceptance and Use of Technology 2)

Extended TAM

TPACK (Technolegical Pedagegical Content Knowledge)

UTAUT (Unified Theory of Acceptance and Use of Technology)

TTF (Task-Technology Fit)

SDT (Self-Determination Theory)

SCT (Social Cognitive Theory) + Risk Framework

SAMR (Substitution, Augmentation, Modification, Redefinition)

Theoretical Frameworks

KM Framework (Knowledge Management)

ECM (Expectation-Confirmation Model)

DM + IS5 (Data Mining + Information Systems Security)

UTAUT + 1SS (Information Systems Security)

C-TAM-TPB (Combining TAM and TPB)

0 2 4 6 8 10
Number of Studies

Fig. 4. Distribution of theoretical frameworks in Metaverse readiness studies
3.2. Thematic analysis

To address the first research question, Appendix 1 summarizes the focus and conceptual frameworks of the
systematically reviewed studies. Collectively, the 32 analyzed articles provide a comprehensive overview of the
readiness components for Metaverse integration in higher education. This iterative literature review highlights
commonalities, overlaps, and divergences across the studies. The diversity of factors and operational definitions present
in the literature facilitates the identification of readiness components and establishes a unified understanding of the
Metaverse Readiness Model. A detailed list of the factors emerging from the 32 analyzed articles is presented in Table
4.
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3.3. Factor of Metaverse Readiness in Higher Education Institutions

In this study, the analysis proceeded in three distinct stages. First, 55 readiness factors were extracted from the existing
literature (see Table 4). Second, an inductive approach was employed to analyze these factors, clustering them into
emerging readiness themes based on their conceptual similarities. Finally, a deductive approach was applied to
categorize these themes within the Technology-Organization-Environment (TOE) framework.

Table 4. Identification of factors in selected literature

Factor References
Age (Al-Adwan & Al-Debei, 2022; Venkatesh et al., 2003)
Autonomy (Galindo-Manrique et al., 2024)

Behavioral Control
Behavioral Intention

Collaborative Learning

Communication Factors

Compatibility
Competence
Continuance Behavior
Continuance Intention
Continuous Usage
Digital Divide

Digital Literacy
Digital Readiness
Effort Expectancy

Engagement

Environmental Sustainability

Equity
Facility Condition
Facilitating Conditions

Faculty Support
Fear of Loss
Gender

Gender Differences
Habit

Hedonic Motivation

Information Quality
Infrastructure Support
Institutional Support
Knowledge Sharing

Knowledge Sharing
Intentions

(Ren et al., 2022)

(Dang, Tran & Nguyen, 2023; Al-Adwan et al., 2023; Castro-Lopez
et al., 2024; Alshammari et al., 2024; de Brito, Oliveira & da Graga,
2024)

(Abdulmubhsin et al., 2024)

(Sediyaningsih et al., 2023)

(Wang, Chung & Yeoh, 2023; Al-Maroof et al., 2024)
(Galindo-Manrique et al., 2024)

(de Brito, Oliveira & da Graga, 2024)

(Di Natale et al., 2024)

(Ali et al., 2025)

(Shwedeh, 2024)

(Shwedeh, 2024)

(Shwedeh, 2024)

(Salloum et al., 2023; Al-Adwan et al., 2024; Yang et al., 2022; Al-
Adwan & Al-Debei, 2022; Shwedeh, 2024; Venkatesh et al., 2003;
Wang, Chung & Yeoh, 2023; Aideed et al., 2024; Ali et al., 2025;
Aburayya et al., 2022; Alawadhi et al., 2022; Galindo-Manrique et al.,
2024; Chanda et al., 2024; Alshammari et al., 2024)

(Rojas et al., 2023)
(Alkhwaldi et al., 2024)
(Alkhwaldi et al., 2024)
(Thohir et al., 2023)

(Salloum et al., 2023; Al-Adwan et al., 2024; Yang et al., 2022;
Shwedeh, 2024; Alkhwaldi et al., 2024; Venkatesh et al., 2003;
Abdulmuhsin et al., 2024; Aburayya et al., 2022; Alawadhi et al., 2022;
Mehta et al., 2025; Alshammari et al., 2024)

(Mehta et al., 2025)

(Al-kfairy et al., 2024)
(Al-Adwan & Al-Debei, 2022)
(Wardat et al., 2025)

(Chanda et al., 2024)

(Salloum et al., 2023; Yang et al., 2022; Al-Adwan & Al-Debei, 2022;
Aideed et al., 2024; Chanda et al., 2024)

(Di Natale et al., 2024; Sediyaningsih et al., 2023)
(Shwedeh, 2024)

(Almarzouqi, 2022; Salloum et al., 2023)
(Abdulmuhsin et al., 2024)

(Almarzouqi, Aburayya & Salloum, 2024)
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Factor

References

Learning Effectiveness

Learning Outcomes
Motivation
Pedagogical Application

Perceived Behavioral Control

Perceived Ease of Use

Perceived Quality
Perceived Usefulness

Performance Expectancy

Personal Innovativeness
Price Value

Protective Motivation
Relatedness

Relative Advantage
Risk Perception
Satisfaction

Self-Efficacy

Social Influence

Social Interaction

Social Readiness

Student Engagement
Student Perception
Subjective Norm

System Accessibility
System Quality
Task-Technology Fit
Technical Issues
Technological Knowledge

Technological Pedagogical
Content Knowledge

(Chatterjee et al., 2024; Castro-Lopez et al., 2024; Al-Maroof et
al., 2024)

(Al-Adwan et al., 2023; Farhi et al., 2024)

(Alawadhi et al., 2022; Alshammari et al., 2024)

(Farhi et al., 2024)

(Wang, Chung & Yeoh, 2023)

(Dang, Tran & Nguyen, 2023; Almarzouqi, 2022; Ren et al., 2022; Di
Natale et al., 2024; Al-Adwan et al., 2023; Wardat et al., 2025;
Sediyaningsih et al., 2023; Almarzougqi, Aburayya & Salloum, 2024;
Castro-Lopez et al., 2024; Al-Maroof et al., 2024)

(Almarzouqi, Aburayya & Salloum, 2024)

(Dang, Tran & Nguyen, 2023; Almarzouqji, 2022; Ren et al., 2022; Di
Natale et al., 2024; Al-Adwan et al., 2023; Mehta et al., 2025; Wardat et
al., 2025; Sediyaningsih et al., 2023; Almarzouqi, Aburayya & Salloum,
2024; Castro-Lopez et al., 2024; Al-Maroof et al., 2024;)

(Salloum et al., 2023; Al-Adwan et al., 2024; Yang et al., 2022; Al-
Adwan & Al-Debei, 2022; Shwedeh, 2024; Alkhwaldi et al., 2024;
Wang, Chung & Yeoh, 2023; Abdulmuhsin et al., 2024; Chatterjee et
al., 2024; Ali et al., 2025; Aburayya et al., 2022; Alawadhi et al., 2022;
Mehta et al., 2025; Chanda et al., 2024; Alshammari et al., 2024; Al-
kfairy et al., 2024; Galindo-Manrique et al., 2024)

(Al-Adwan & Al-Debei, 2022)

(Salloum et al., 2023; Al-Adwan et al., 2024; Yang et al., 2022; Al-
Adwan & Al-Debei, 2022; Aideed et al., 2024; Chanda et al., 2024)

(Al-kfairy et al., 2024)
(Galindo-Manrique et al., 2024)
(Wang, Chung & Yeoh, 2023)
(Al-kfairy et al., 2024)

(Di Natale et al., 2024; Ali et al., 2025; de Brito, Oliveira & da Graga,
2024)

(Almarzouqi, 2022; Salloum et al., 2023; Chatterjee et al., 2024; Al-
Adwan et al., 2023; Alawadhi et al., 2022; Alshammari et al., 2024; Al-
kfairy et al., 2024)

(Salloum et al., 2023; Al-Adwan et al., 2024; Yang et al., 2022; Al-
Adwan & Al-Debei, 2022; Shwedeh, 2024; Alkhwaldi et al., 2024;
Venkatesh et al., 2003; Ren et al., 2022; Abdulmubhsin et al., 2024;
Aburayya et al., 2022; Alawadhi et al., 2022; Chanda et al., 2024;
Alshammari et al., 2024; Almarzouqi, Aburayya & Salloum, 2024;
Galindo-Manrique et al., 2024)

(Alkhwaldi et al., 2024; Abdulmuhsin et al., 2024)
(Chatterjee et al., 2024)

(Farhi et al., 2024)

(Rojas et al., 2023)

(Wang, Chung & Yeoh, 2023)

(Sediyaningsih et al., 2023)

(Di Natale et al., 2024; de Brito, Oliveira & da Graga, 2024)
(Aideed et al., 2024)

(Rojas et al., 2023)

(Mishra & Koehler, 2006)

(Thohir et al., 2023)
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Factor References

Technological Readiness (Mehta et al., 2025)

Technology Acceptance (Thobhir et al., 2023)

Model Constructs

Technology Anxiety (Wardat et al., 2025)

Technology Characteristics (Farhi et al., 2024)

Technology Readiness (Dang, Tran & Nguyen, 2023; Salloum et al., 2023; Chatterjee et al.,
2024; Aburayya et al., 2022)

Trust (Al-kfairy et al., 2024)

Usefulness (Rojas et al., 2023)

User Experience (Rojas et al., 2023; Farhi et al., 2024)

3.4. Multi-Dimension Metaverse Readiness Model

While UTAUT and TAM are effective in delineating individual behavior (Venkatesh et al., 2003, 2012), they are
deemed insufficient for elucidating institutional contexts (Oliveira & Martins, 2011). Consequently, to address RQ?2,
we applied a deductive mapping approach to integrate and synthesized readiness factors at the individual and
institutional levels using the Technology-Organization-Environment (TOE) framework (Tornatzky & Fleischer, 1990).
To characterize drivers of systemic readiness towards Metaverse readiness, the trio of technology, organization, and
environment (TOE) dimensions were synthesized (Baker, 2012). We summarized the coded data into readiness themes
related to these three specific dimensions (Parasuraman, 2000; Snyder Halpern, 2001), ensuring that a stepwise
development from codes to analytical themes and dimensions renders the findings in a systematic, coherent, and concise
manner (Miles & Huberman, 1994)

3.4.1  Technology Readiness Dimension

The Technology Dimension, as listed in Table 5, provides a comprehensive overview of the technical aspects and
infrastructure that are required for higher education institutions to support interactive and immersive virtual learning
ecosystems and is based on the TOE framework along with metaverse technology characteristics. Metaverse platforms
differentiate themselves from the conventional e-learning systems by integrating multiple enabling technologies (VR,
AR, XR, IoT, Al and blockchain) that enable seamless, real-time interaction between the domain of physical and virtual
learning (Dwivedi et al., 2022; Zhang et al., 2022). The technological dimension hence also evaluates whether the
institutions have the requisite hardware and network structure, and well-integrated systems that meet the standards of
quality, reliability, and are designed for user, effective teaching and learning.

Table 5. Technology readiness dimension

Theme Description Factors
Immersive Learning Capturing the depth and quality of immersion, user Immersion, Controlled
Experience (ILE) control, flow states, and natural interaction affordances Immersion, Flow Experience,
that distinguish metaverse from flat, screen-based Natural Interaction, Context
platforms. Awareness, Ubiquity,
Satisfaction and Fun.
System & Service Quality Reflecting the technical robustness, reliability, and System Quality, Service
(SQ) responsiveness of the metaverse infrastructure and Quality, Information Quality,
support services. Perceived System Quality,
Perceived Usability, and
Observability.
Perceived Performance Assessing users' beliefs about whether the metaverse Perceived Usefulness,
Value (PPV) will enhance learning outcomes and task performance. Performance Expectancy,

Anticipated Benefits, and
Task-Technology Fit.

Ease, Simplicity & Measuring the extent to which users perceive the Perceived Ease of Use, Effort
Learnability (ESL) metaverse as intuitive, easy to navigate, and quickly Expectancy, Perceived
learnable. Simplicity of Use, and
Trainability.
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Theme Description Factors
Risk, Security & Concerns Capturing inhibiting factors such as perceived Perceived Cyber Risk,
(RSC) cybersecurity risks, data privacy concerns, and user Cybersecurity Risk
anxiety regarding technical or social challenges within Perceptions, Perceived Risk,
immersive environments and Computer Anxiety.

34.2

Organisation Readiness Dimension

The Organisational Dimension includes human, pedagogical, and organisational structures. Based on the TOE
framework, it emphasizes that technological readiness is fundamentally a human and structural challenge (Oliveira &
Martins, 2011; Tornatzky & Fleischer, 1990). In higher education, Metaverse integration requires multi-level
transitions: students must acquire digital presence skills, faculty must adapt pedagogical methods for immersive
learning, and institutional leaders must foster supportive cultures and policies (Salloum et al., 2021). These findings are
consistent with the factors listed in Table 6.

Table 6. Organisation readiness dimension

Theme

Description

Factors

Personal Readiness (PR)

Affective & Motivational

Capturing individual psychological dispositions toward
technology readiness, including motivating factors
(innovativeness, optimism, curiosity, self-efficacy) and
inhibiting factors (computer anxiety, discomfort) that
together shape predisposition toward embracing
metaverse systems.

Reflecting the intrinsic and experiential drivers of

Self-efficacy, Technology
Self-Efficacy, Personal
Innovativeness, Technology
Optimism, Curiosity, and
Student Autonomy

Hedonic Motivation, Hedonic

Factors (AMF) metaverse use. Gratification, Flow
Experience, Attitudes, and
Habit.
Pedagogical & Knowledge  Assessing educators' readiness to integrate metaverse TPACK, Knowledge Sharing,
Competence (PKC) affordances into curriculum design, including Knowledge Generation,
technological pedagogical content knowledge Technology Trust.
(TPACK), ability to facilitate peer collaboration and
social learning, capacity to generate and share
knowledge within virtual spaces, and trust in platform
reliability for educational outcomes.
3.4.3  Environment Readiness Dimension

The Environment Dimension is a collection of contextual factors that we cannot control directly but which can
contribute to shaping education through institutional, regulatory, and societal factors (Tornatzky & Fleischer, 1990).
Significant aspects (as illustrated in Table 7) are those involving social and peer relationships, organized institutional
support, and the competitive industry landscape for skills in the Metaverse (Dwivedi et al., 2022). This dimension
ultimately characterizes the institutional ecosystem where cohesive policies uphold the environment, enabling the
smooth integration of Metaverse technology within the educational framework.

Table 7. Environment readiness dimension

Theme

Description

Factors

Social Influence & Norms
(SIN)

Identifies how social proof and peer expectations drive
metaverse engagement. It integrates key psychological
concepts such as subjective norms, where users act
based on the perceived opinions of important figures,
and herd behaviour, where individuals align their
readiness patterns with their peers. Such conformity
underscores the importance of institutional and
community contexts in shaping technology acceptance.

Social Influence, Subjective
Norm, and Herd Behaviour.
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Theme Description Factors
Institutional ~Support & Encompassing administrative foundations (policies, Facilitating Conditions,
Facilitating Conditions funding, and training). It also accounts for external Environmental/Institutional
(ISFC) competitive  pressures that drive institutional support

commitment, ensuring that the necessary tangible and
intangible assets are in place for a successful transition.

4. Discussion

This section discusses the current state of research on metaverse integration readiness in higher education institutions,
highlights key dimensions influencing institutional preparedness, and elaborates on the theoretical and practical
implications of the integrated three-dimensional framework. The discussion situates the findings within existing
literature on technology readiness, organizational change, and environmental readiness, while highlighting their
potential implications for institutional policy development, strategic planning, and future research in educational
technology innovation.

4.1 Current state of Metaverse readiness research in higher education

This systematic literature review is guided by two interconnected research questions: (1) What are the factors and
aspects of readiness for Metaverse in higher education, as outlined in the extant literature (2) How can the synthesized
readiness components be constructed into a multidimensional framework to assess Metaverse readiness in higher
education? To the best of our knowledge, no systematic review has considered metaverse integration readiness with an
integrated multi-dimensional approach from the perspective of organizational theory. This review aims to fill such a
gap by collecting, synthesizing and offering for theoretical integration, and discussing 32 higher education metaverse
readiness studies, in order to conceptually develop and provide research and practice recommendations pertaining to
the readiness of the Metaverse in higher education.

Research findings indicate a significant gap in the analysis of Metaverse component readiness. Existing studies
predominantly focus on the technological aspects of the Metaverse (such as extensions of generic VR/AR or the
development of 3D graphical environments) or examine isolated factors like technological access, user attitudes, or
infrastructure, without systematically integrating technological, organizational, and environmental dimensions into a
unified model. Consequently, higher education institutions lack clear, evidence-based guidelines on how to assess their
Metaverse readiness, specifically regarding which indicators should be prioritized to ensure equitable and sustainable
implementation.

4.2 Factors influencing Metaverse integration readiness in higher education

This study outlines three dimensions that emerge from the criteria required to implement the metaverse in higher
education. These are: technological, organisational, and environmental readiness. Each of these dimensions contains
the relevant interconnected clusters of themes.

There are five thematic areas in the Technological Dimension, each of which is concerned with a different aspect of
readiness. The Immersive Learning Experience (ILE) highlights the need for different platforms to offer a fully
immersive interaction experience with sufficient levels of depth, flow, and user satisfaction. The System and Service
Quality (SSQ) deals with the systems-supporting infrastructure, the information systems, and the level of
responsiveness, which all need to demonstrate technical excellence in order for users to gain the confidence needed.
The Perceived Performance Value (PPV) focuses on the value associated with the experience from various stakeholders,
and whether that value justifies an improvement in the learning experience and the learning outcomes. The Ease,
Simplicity and Learnability (ESL) focus area is concerned with pedagogy having an effective, intuitive, and
uncomplicated system with straightforward operational and navigational features. The Risk, Security and Concerns
(RSC) is concerned with the user’s apprehension and anxiety regarding the systems, cyber security, data privacy, and
the system’s security, which the stakeholders and institutions must address and mitigate.

The organisational dimension comprises three themes which pertain to the human and institutional aspects of the
organisational readiness. Personal Readiness (PR) concerns the individual attributes pertaining to the technology
readiness, e.g., self-efficacy, technology optimism, and risk-taking disposition. The Affective and Motivational Factors
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(AMF) concerns the hedonic motivation, flow experience, and positive feelings toward the readiness of the metaverse.
The Pedagogical Knowledge and Competence (PKC) pertains to pedagogical competence, teaching transformation, and
implementation confidence; of critical importance is the link faculty have to the pedagogical and technological
effectiveness.

The environmental dimension comprises two themes related to readiness contexts. The Social Influence and Norms
(SIN) theme encompasses subjective norms and the expectations of peers and stakeholders within a specific social
setting. Meanwhile, the Institutional Culture and Support (ICS) theme focuses on aligning institutional values,
leadership advocacy, and change management capacity with metaverse readiness in relation to the institution's mission
and strategic goals.

The integration of the evidence presents an integrated framework grounded on the Technology, Organisation, and
Environment (TOE), which organises the 55 factors of institutional readiness into three dimensions and 10 thematic
group. The framework encompasses the theories of TAM, UTAUT2, and TOE, thus offering a conceptual framework.
The institutional readiness construct provides a starting point, but it is recommended that future studies build on it
through the collection of primary data involving institutional stakeholders (i.c., surveys and or interviews involving
administrators, faculty, and students), to determine the key readiness factors and predictors of readiness. To support
future empirical investigations based on the proposed framework (Fig 5), we present a set of propositions derived from
each factor, as summarized in Table 8.

Table 8. Future empirical studies based on conceptual framework

Z
°

Theme/ Group of Factor

Immersive Learning Experience (ILE)

System and Service Quality (SSQ)

Perceived Performance Value (PPV)

Ease, Simplicity, and Learnability (ESL)

Risk, Security, and Concerns (RSC)

Personal Readiness (PR)

Affective and Motivational Factors (AMF)
Pedagogical Knowledge and Competence (PKC)

O 00 3 &N L A W N =

Social Influence and Norms (SIN)
Institutional Culture and Support (ICS)

—_
(=]

Multi-Dimensional Metaverse
Readiness in Higher Education
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Fig. 5. Multi-dimensional readiness conceptual framework
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4.3 Theoretical contribution

This study extends the emerging literature on metaverse readiness in higher education by proposing a conceptual
framework that integrates technological, organizational, and environmental dimensions. Previous literature has mostly
centred on individual-level acceptance models, such as the Technology Acceptance Model (TAM) and the Unified
Theory of Acceptance and Use of Technology (UTAUT), focusing on parameters of perceived usefulness, perceived
ease of use, and behavioural intention, while this study focuses on broader parameters, such as the robustness of
metaverse-related infrastructure, pedagogical capacity, organisational culture, policy and regulatory alignment, equity,
and other factors that are important for readiness of the metaverse in higher education. This study builds the groundwork
for understanding the interplay of technology, organisation, and environment in determining readiness to integrate the
Metaverse into higher education. The proposed framework and its derived propositions will guide further empirical
validation, model enhancement, and theory development in the areas of educational technology readiness, institutional
readiness, and environment readiness.

4.4 Practical Implication

University leaders, IT departments, and policymakers will operationalize Metaverse initiatives s pecifically, integrated
policy and infrastructure innovation will help institutions remain agile with the evolving tech. Focus should be on
strategically realigning human capital rather than simply acquiring new hardware.

Along with this shift will be the empowerment of faculty (through immersive and collaborative learning) to foster a
spirit of pedagogical innovation. Nonetheless, this shift will need to be accompanied by a digital governance model that
addresses the privacy, ethical, and digital divide concerns of the new tech to mitigate the potential of the new
technologies to deepen institutional gaps.

In terms of action, this model of readiness aligns with a practical framework of analysis to assess their organizational,
technological, and environmental states. Using this, decision-makers will be able to set actionable, sequenced, and
prioritized plans, such as starting pilot projects in the units that are ready, while also balancing supportive actions in
units that are less ready.

5. Conclusion

This systematic literature review addresses a significant void in the research surrounding frameworks for Metaverse
readiness by consolidating various readiness components into a comprehensive multidimensional framework designed
to evaluate Metaverse readiness in higher education. By conducting a thorough examination of 32 indexed and peer-
reviewed studies following the PRISMA guidelines, this review identifies 55 distinct readiness factors and integrates
them into a cohesive Metaverse Implementation Readiness Model rooted in the Technology—Organization—
Environment (TOE) framework. This model illustrates that Metaverse readiness transcends mere technological
considerations; it is an interrelated structural process that requires simultaneous progress across three interconnected
dimensions: technological, organizational, and environmental readiness, to successfully integrate the Metaverse within
higher education.

Nonetheless, considerable research gaps persist in the current context. The dominance of quantitative research, often
limited to specific geographic areas, masks the intricate dynamics of readiness factors across varied institutional,
geographical, and disciplinary settings. Future investigations should adopt mixed-methods approaches to explore how
readiness elements evolve during institutional transformation while also examining the qualitative experiences of
stakeholders engaged with Metaverse readiness. Additionally, empirical validation of this framework through primary
data collection would enhance causal insights and provide a practical diagnostic tool for assessment within higher
education.

In conclusion, this review presents a robust framework for educational leaders, policymakers, and researchers to
systematically assess institutional capabilities. Rather than focusing solely on hardware acquisition, stakeholders must
prioritize the strategic realignment of human capital and the development of digital governance models that address
privacy and ethical concerns. By leveraging these insights, institutions can support a sustainable transition toward an
immersive, collaborative, and pedagogically sound learning ecosystem based on the Metaverse in higher education.

235



Erianda et.al | Journal of Applied Science, Engineering, Technology, and Education, 2022, 4(1): 223-245

Conflicts of Interest: The authors declare that they have no conflicts of interest to report regarding the present study.

References

Abdulmuhsin, A. A., Owain, H. O., & Alkhwaldi, A. F. (2024). Understanding the academic use of KM-driven
Metaverse technology: Insights from medical colleges. Journal of Science and Technology Policy Management.
Advance online publication. https://doi.org/10.1108/JSTPM-12-2023-0229

Aburayya, A., Salloum, S. A., Alderbashi, K. Y., Habes, M., & Alawadhi, H. (2022). SEM-machine learning-based
model for perusing the adoption of metaverse in higher education in UAE. Education and Information
Technologies, 27(5), 6533—-6562. https://doi.org/10.1007/s10639-021-10826-z

Aideed, H., Elbayoumi Salem, 1., Magdy, A., & Hassan, M. (2024). Beyond reality: Harnessing the metaverse for
transformative education through UTAUT-2 and task-technology synergy. Education and Information
Technologies. Advance online publication. https://doi.org/10.1007/s10639-023-12436-7

Akour, M. A., Alshurideh, M., Al Kurdi, B., Al Ali, A. K., & Salloum, S. A. (2022). Using machine learning algorithms
to predict people's intention to use mobile learning platforms during the COVID-19 pandemic. SAGE Open,
12(1). https://doi.org/10.1177/21582440221092803

Al-Adwan, A. S. (2020). Towards an integrated model for the adoption of e-learning by higher education institutions in
Palestine. British Journal of Educational Technology, 51(2), 452—468. https://doi.org/10.1111/bjet.12842

Al-Adwan, A. S., Al-Adwan, A., & Smedley, J. (2023). Extending the technology acceptance model to predict
university students' intentions to use metaverse-based learning platforms. Journal of Research on Technology in
Education, 55(4), 597-619. https://doi.org/10.1080/15391523.2023.2181635

Al-Adwan, A. S., & Al-Debei, M. M. (2023). The determinants of Gen Z's metaverse adoption decisions in higher
education: Integrating UTAUT2 with personal innovativeness in IT. Education and Information Technologies,
1-33. https://doi.org/10.1007/s10639-023-12080-1

Al-Adwan, A. S., Alsoud, M., Li, N., Majali, T., Smedley, J., & Habibi, A. (2024). Unlocking future learning: Exploring
higher education students' intention to adopt meta-education. Heliyon, 10(9), €29544.
https://doi.org/10.1016/j.heliyon.2024.e29544

Alawadhi, M., Salloum, S. A., Al Marzouqi, A., Aburayya, M., & Alderbashi, K. (2022). Factors affecting medical
students' acceptance of the metaverse system in medical training in the United Arab Emirates. Education and
Information Technologies, 27(8), 10691-10716. https://doi.org/10.1007/s10639-022-11065-2

Al-Kfairy, M., Sendaba, O., & Alfandi, O. (2025). Understanding trust in educational metaverse: The role of social
cognitive theory constructs and perceived risks. Kybernetes. Advance online publication.
https://doi.org/10.1108/K-11-2024-3057

Ali, A., Salloum, S. A., & Maqableh, M. (2025). Continuance intention to use metaverse in higher education: An
integration of TAM and flow theory. Smart Learning Environments, 12, €357. https://doi.org/10.1186/s40561-
024-00357-y

Alkhwaldi, A. F. (2024). Investigating the social sustainability of immersive virtual technologies in higher educational
institutions: ~ Students’ perceptions toward metaverse technology. Sustainability, 16(2), 934.
https://doi.org/10.3390/su16020934

Almarzougqi, A. (2022). Prediction of users' intention to use metaverse system in medical education: A hybrid SEM-ML
learning  approach.  Journal  of  Educational — Computing  Research,  60(8), 2033-2057.
https://doi.org/10.1177/07356331221092511

Almarzougqi, A., Bettayeb, A., Rahman, S. A., Salloum, S., & Al-Yateem, N. (2024). Exploring new horizons in dental
education: Leveraging Al and the metaverse for innovative learning strategies. 2024 IEEE 48th Annual
Computers, Software, and Applications Conference (COMPSAC), 1881-1886.
https://doi.org/10.1109/COMPSAC61105.2024.00298

Al-Maroof, R. S., Alsawafi, O., & Salloum, S. A. (2024). The effect of mediators in the adoption of metaverse as an
innovative platform in Oman. In Studies in Big Data (Vol. 144, pp. 413-439). Springer.
https://doi.org/10.1007/978-3-031-52280-2 26

236


https://doi.org/10.1108/JSTPM-12-2023-0229
https://www.google.com/search?q=https://doi.org/10.1007/s10639-021-10826-z
https://doi.org/10.1007/s10639-023-12436-7
https://www.google.com/search?q=https://doi.org/10.1177/21582440221092803
https://doi.org/10.1111/bjet.12842
https://www.google.com/search?q=https://doi.org/10.1080/15391523.2023.2181635
https://doi.org/10.1007/s10639-023-12080-1
https://doi.org/10.1016/j.heliyon.2024.e29544
https://www.google.com/search?q=https://doi.org/10.1007/s10639-022-11065-2
https://doi.org/10.1108/K-11-2024-3057
https://doi.org/10.1186/s40561-024-00357-y
https://doi.org/10.1186/s40561-024-00357-y
https://doi.org/10.3390/su16020934
https://www.google.com/search?q=https://doi.org/10.1177/07356331221092511
https://doi.org/10.1109/COMPSAC61105.2024.00298
https://doi.org/10.1007/978-3-031-52280-2_26

Erianda et.al | Journal of Applied Science, Engineering, Technology, and Education, 2022, 4(1): 223-245

Alshammari, S. H., & Alshammari, M. H. (2024). Modelling the effects of perceived system quality and personal
innovativeness on the intention to use metaverse: A structural equation modelling approach. PeerJ Computer
Science, 10, €2331. https://doi.org/10.7717/peerj-cs.2331

Baker, J. (2012). The technology—organization—environment framework. In Y. Dwivedi, M. Wade, & S. Schneberger
(Eds.), Information systems theory: Integrated series in information systems (Vol. 28, pp. 231-245). Springer.
https://doi.org/10.1007/978-1-4419-6108-2 12

Bedenel, A.-L., Jourdan, L., & Biernacki, C. (2019). Probability estimation by an adapted genetic algorithm in web
insurance. In R. Battiti, M. Brunato, 1. Kotsireas, & P. Pardalos (Eds.), Lecture notes in computer science: Vol.
11353. Learning and intelligent optimization (pp. 225-240). Springer. https://doi.org/10.1007/978-3-030-05348-
2 21

Buhalis, D., Leung, D., & Lin, M. (2023). Metaverse as a disruptive technology revolutionising tourism management
and marketing. Tourism Management, 97, 104724. https://doi.org/10.1016/j.tourman.2023.104724

Castro-Lopez, A., Cervero, A., & Alvarez-Blanco, L. (2025). Predictive analysis of metaverse usage intention in the
Spanish university. Journal of Computing in Education, 12(4), 929-952. https://doi.org/10.1007/s40692-024-
00335-w

Cerasa, A., Gaggioli, A., Marino, F., & Riva, G. (2022). The promise of the metaverse in mental health: The new era
of MEDverse. Heliyon, 8(11), e11762. https://doi.org/10.1016/j.heliyon.2022.e11762

Chanda, R. S., Pabalkar, V., & Sharma, S. (2024). Attitude and behavioral intention for using metaverse in education:
Learner’s perspective. Journal of Applied Research in Higher Education, 16(5), 2168-2184.
https://doi.org/10.1108/JARHE-07-2023-0307

Chatterjee, S., Giri, A., Tiwari, P., Sahay, K., Rajak, M. P., & Halder, S. R. (2024). A technology acceptance model
perspective on the metaverse-fueled educational systems in the higher educational institutions of India. In T.
Senjyu, C. So-In, & A. Joshi (Eds.), Smart trends in computing and communications (pp. 379-389). Springer.
https://doi.org/10.1007/978-981-97-1320-2_33

Dang, T. Q., Tran, P. T., & Nguyen, L. T. (2023). Are you ready for tapping into the metaverse in higher education?
Integrated by dual PLS-SEM and ANN approach. In M. A. Al-Sharafi, M. Al-Emran, G. W. H. Tan, & K. B.
Ooi (Eds.), Current and future trends on intelligent technology adoption (Vol. 1128, pp. 63—82). Springer.
https://doi.org/10.1007/978-3-031-48397-4 4

de Brito, G., Scheltes, D., Durval, A., Aragdo, J., Santos, S. E., Lima, C., Soussa, M., & Winkler, 1. (2024). Developing
an university immersive campus: Guidelines for beginner developers. In Proceedings of the 26th Symposium on
Virtual —and  Augmented Reality (pp. 261-265). Association for Computing Machinery.
https://doi.org/10.1145/3691573.3691612

Di Natale, A. F., Bartolotta, S., Gaggioli, A., Villani, C., & Riva, G. (2024). Exploring students' acceptance and
continuance intention in using immersive virtual reality and metaverse integrated learning environments: The
case of an  Italian  university  course. Computers &  Education, 208, 104929.
https://doi.org/10.1016/j.compedu.2023.104929

Duckworth, A. L., Quirk, A., Gallop, R., Hoyle, R. H., Kelly, D. R., & Matthews, M. D. (2019). Cognitive and
noncognitive predictors of success. Proceedings of the National Academy of Sciences, 116(47), 23499-23504.
https://doi.org/10.1073/pnas.1910510116

Dwivedi, Y. K., Hughes, L., Baabdullah, A. M., Ribeiro-Navarrete, S., Giannakis, M., Al-Debei, M. M., Dennchy, D.,
... & Wamba, S. F. (2022). Metaverse beyond the hype: Multidisciplinary perspectives on emerging challenges,
opportunities, and agenda for research, practice and policy. International Journal of Information Management,
66, 102542. https://doi.org/10.1016/j.ijinfomgt.2022.102542

Farhi, F. (2024). Examining the factors fostering metaverse experience browser acceptance under unified theory of
acceptance and use of technology (UTAUT). Journal of Infrastructure, Policy and Development, 8(3), 2594.
https://doi.org/10.24294/jipd.v8i3.2594

Galindo Manrique, A. F., Villarreal-Vera, V., Orozco-Bendimez, F. J., & Garcia-Montoya, M. (2024). Adoption of the
metaverse for higher education: Structural equation modeling approach in a business school context. Journal of
Social Studies Education Research, 15(2), 57-93.

237


https://doi.org/10.7717/peerj-cs.2331
https://doi.org/10.1007/978-1-4419-6108-2_12
https://doi.org/10.1007/978-3-030-05348-2_21
https://doi.org/10.1007/978-3-030-05348-2_21
https://doi.org/10.1016/j.tourman.2023.104724
https://doi.org/10.1007/s40692-024-00335-w
https://doi.org/10.1007/s40692-024-00335-w
https://doi.org/10.1016/j.heliyon.2022.e11762
https://doi.org/10.1108/JARHE-07-2023-0307
https://doi.org/10.1007/978-981-97-1320-2_33
https://doi.org/10.1007/978-3-031-48397-4_4
https://doi.org/10.1145/3691573.3691612
https://www.google.com/search?q=https://doi.org/10.1016/j.compedu.2023.104929
https://doi.org/10.1073/pnas.1910510116
https://doi.org/10.1016/j.ijinfomgt.2022.102542
https://doi.org/10.24294/jipd.v8i3.2594

Erianda et.al | Journal of Applied Science, Engineering, Technology, and Education, 2022, 4(1): 223-245

Gioia, D. A., Corley, K. G., & Hamilton, A. L. (2013). Seeking qualitative rigor in inductive research: Notes on the
Gioia methodology. Organizational Research Methods, 16(1), 15-31.
https://doi.org/10.1177/1094428112452151

Grady, J. S., Her, M., Moreno, G., Perez, C., & Yelinek, J. (2019). Emotions in storybooks: A comparison of storybooks
that represent ethnic and racial groups in the United States. Psychology of Popular Media Culture, 8(3), 207—
217. https://doi.org/10.1037/ppm0000185

Han, 1. (2020). Immersive virtual field trips in education: A mixed methods study on elementary students' presence and
perceived learning. British Journal  of  Educational Technology, 51(2), 420-435.
https://doi.org/10.1111/bjet. 12842

Hwang, G. J., & Chien, S. Y. (2022). Definition, roles, and potential research issues of the metaverse in education: An
artificial intelligence perspective. Computers and Education: Artificial Intelligence, 3, 100082.
https://doi.org/10.1016/j.caeai.2022.100082

Kushilevitz, E., & Malkin, T. (Eds.). (2016). Lecture notes in computer science: Vol. 9562. Theory of cryptography.
Springer. https://doi.org/10.1007/978-3-662-49096-9

Lee, L.-H., Braud, T., Zhou, P., Wang, L., Xu, D., Lin, Z., Kumar, A., Bermejo, C., & Hui, P. (2021). All one needs to
know about metaverse: A complete survey on technological singularity, virtual ecosystem, and research agenda.
Journal of LaTeX Class Files, 14(8), 1-66. https://doi.org/10.48550/arXiv.2110.05352

Lopez-Belmonte, J., Pozo-Sanchez, S., Moreno-Guerrero, A. J., & Lampropoulos, G. (2023). Metaverse in education:
A systematic review. Revista de Educacion a Distancia (RED), 23(73), 2. https://doi.org/10.6018/red.511421

Mayring, P. (2015). Qualitative content analysis: Theoretical background and procedures. In A. Bikner-Ahsbahs, C.
Knipping, & N. Presmeg (Eds.), Approaches to qualitative research in mathematics education (pp. 365-380).
Springer. https://doi.org/10.1007/978-94-017-9181-6 13

Mehta, K., Nayak, K. M., Qureshi, R. A., N, A., & Parveen, S. (2025). Technology acceptance and SAMR in metaverse
education: Professors’ willingness to engage in immersive classes in higher education. Journal of Applied
Research in Higher Education. Advance online publication. https://doi.org/10.1108/JARHE-08-2024-0430

Miles, M. B., & Huberman, A. M. (1994). Qualitative data analysis: An expanded sourcebook (2nd ed.). Sage
Publications.

Mishra, P., & Koehler, M. J. (2006). Technological pedagogical content knowledge: A framework for teacher
knowledge. Teachers College Record, 108(6), 1017-1054. https://doi.org/10.1111/j.1467-9620.2006.00684.x

Oliveira, T., & Martins, M. F. (2011). Literature review of information technology adoption models at firm level.
Electronic Journal of Information Systems Evaluation, 14(1), 110-121.

Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an
updated guideline for reporting systematic reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.71.

Parasuraman, A. (2000). Technology Readiness Index (TRI): A multiple-item scale to measure readiness to embrace
new technologies. Journal of Service Research, 2(4), 307-320. https://doi.org/10.1177/109467050024001

Prieto, J., Lacasa, P., & Martinez-Borda, R. (2022). Approaching metaverses: Mixed reality interfaces in youth media
platforms. New Techno Humanities, 2(2), 136—145. https://doi.org/10.1016/j.techum.2022.04.004

Ren, L., Yang, F., Gu, C., Sun, J., & Liu, Y. (2022). A study of factors influencing Chinese college students’ intention
of using metaverse technology for basketball learning: Extending the technology acceptance model. Frontiers in
Psychology, 13, 1049972. https://doi.org/10.3389/fpsyg.2022.1049972

Rojas, E., Hiillsmann, X., Estriegana, R., Riickert, F., & Garcia-Esteban, S. (2023). Students’ perception of metaverses
for online learning in higher education: Hype or hope? Electronics, 12(8), 1867.
https://doi.org/10.3390/electronics 12081867

Salloum, S., Al Marzouqi, A., Alderbashi, K. Y., Shwedeh, F., Aburayya, A., Al Saidat, M. R., & Al-Maroof, R. S.
(2023). Sustainability model for the continuous intention to use metaverse technology in higher education: A
case study from Oman. Sustainability, 15(6), 5257. https://doi.org/10.3390/sul5065257

238


https://doi.org/10.1177/1094428112452151
https://doi.org/10.1037/ppm0000185
https://doi.org/10.1111/bjet.12842
https://doi.org/10.1016/j.caeai.2022.100082
https://doi.org/10.1007/978-3-662-49096-9
https://doi.org/10.48550/arXiv.2110.05352
https://doi.org/10.6018/red.511421
https://doi.org/10.1007/978-94-017-9181-6_13
https://doi.org/10.1108/JARHE-08-2024-0430
https://doi.org/10.1111/j.1467-9620.2006.00684.x
https://doi.org/10.1177/109467050024001
https://doi.org/10.1016/j.techum.2022.04.004
https://doi.org/10.3389/fpsyg.2022.1049972
https://doi.org/10.3390/electronics12081867
https://doi.org/10.3390/su15065257

Erianda et.al | Journal of Applied Science, Engineering, Technology, and Education, 2022, 4(1): 223-245

Salloum, S. A., Bettayeb, A., Salloum, A., Aburayya, A., Khadragy, S., Hamoudi, R., & Alfaisal, R. (2023). Novel
machine learning based approach for analysing the adoption of metaverse in medical training: A UAE case study.
Informatics in Medicine Unlocked, 42, 101354, https://doi.org/10.1016/j.imu.2023.101354

Sediyaningsih, S., Ristiyono, M. P., Launggu, K., & Ochieng Juma, P. (2023). De-contextual communication: Factors
influencing usage intentions of metaverse technology in digital library services. Heliyon, 9(10), e20388.
https://doi.org/10.1016/j.heliyon.2023.e20388

Shwedeh, F. (2024). Harnessing digital issue in adopting metaverse technology in higher education institutions:
Evidence from the United Arab Emirates. International Journal of Data and Network Science, 8(1), 489-504.
https://doi.org/10.5267/j.ijdns.2023.9.007

Snyder-Halpern, R. (2001). Indicators of organizational readiness for clinical information technology/systems
innovation: A Delphi study. International Journal of Medical Informatics, 63(3), 179-204.
https://doi.org/10.1016/s1386-5056(01)00179-4

Soliman, M., Ali, R. A., Khalid, J., Shora, M. J., & Al-Qatamin, A. A. (2025). Modelling continuous intention to use
generative artificial intelligence as an educational tool among university students: Findings from PLS-SEM and
ANN. Journal of Computing in Education, 12(4), 897-928. https://doi.org/10.1007/s40692-024-00333-y

Thohir, M. A., Ahdhianto, E., Mas’ula, S., April Yanti, F., & Sukarelawan, M. L. (2023). The effects of TPACK and
facility condition on preservice teachers’ acceptance of virtual reality in science education course. Contemporary
Educational Technology, 15(2), ep407. https://doi.org/10.30935/cedtech/12918

Tlili, A., Huang, R., Shehata, B., Liu, D., Zhao, J., Melouah, A., & Bozkurt, A. (2022). Is metaverse in education a
blessing or a curse: A combined content and bibliometric analysis. Computers & Education: Artificial
Intelligence, 3, 100082. https://doi.org/10.1016/j.caecai.2022.100082

Tornatzky, L. G., & Fleischer, M. (1990). The processes of technological innovation. Lexington Books.

Van der Merwe, A. P. (2021). Augmented reality and virtual reality in education. In Handbook of research on immersive
digital games for educational and therapeutic applications (pp. 1-15). IGI Global.

Venkatesh, V., Morris, M. G., Davis, G. B., & Davis, F. D. (2003). User acceptance of information technology: Toward
a unified view. MIS Quarterly, 27(3), 425—478. https://doi.org/10.2307/30036540

Venkatesh, V., Thong, J. Y., & Xu, X. (2012). Consumer acceptance and use of information technology: Extending the
unified theory of acceptance and wuse of technology. MIS Quarterly, 36(1), 157-178.
https://doi.org/10.2307/41410412

Wang, Y., Chung, T., & Den Yeoh, E. (2023). A hybrid SEM-ANN approach for intention to adopt metaverse using C-
TAM-TPB and IDT in China. In P. Lai (Ed.), Strategies and opportunities for technology in the metaverse world
(pp. 263-293). IGI Global. https://doi.org/10.4018/978-1-6684-5732-0.ch015

Wardat, S., & Akour, M. (2025). Investigating the adoption of metaverse-based immersive learning in TESOL.
Emerging Science Journal, 8, 396—409. https://doi.org/10.28991/ESJ-2024-SIED1-023

Wei, D. (2022). Gemiverse: The blockchain-based professional certification and tourism platform with its own
ecosystem in the metaverse. International Journal of Geoheritage and Parks, 10(2), 322-336.
https://doi.org/10.1016/j.ijgeop.2022.05.004

Yang, F., Ren, L., & Gu, C. (2022). A study of college students' intention to use metaverse technology for basketball
learning based on UTAUT?2. Heliyon, 8(9), €10562. https://doi.org/10.1016/j.heliyon.2022.e10562

Zhang, L., Anjum, M. A., & Wang, Y. (2024). The impact of trust-building mechanisms on purchase intention towards
metaverse shopping: The moderating role of age. International Journal of Human-Computer Interaction, 40(12),
3185-3203. https://doi.org/10.1080/10447318.2023.2184594

Zhang, X., Chen, Y., Hu, L., & Wang, Y. (2022). The metaverse in education: Definition, framework, features, potential
applications, challenges, and future research topics. Frontiers in Psychology, 13, 1016300.
https://doi.org/10.3389/fpsyg.2022.1016300

239


https://doi.org/10.1016/j.imu.2023.101354
https://doi.org/10.1016/j.heliyon.2023.e20388
https://doi.org/10.5267/j.ijdns.2023.9.007
https://doi.org/10.1016/s1386-5056(01)00179-4
https://doi.org/10.1007/s40692-024-00333-y
https://doi.org/10.30935/cedtech/12918
https://doi.org/10.1016/j.caeai.2022.100082
https://doi.org/10.2307/30036540
https://doi.org/10.2307/41410412
https://doi.org/10.4018/978-1-6684-5732-0.ch015
https://doi.org/10.28991/ESJ-2024-SIED1-023
https://doi.org/10.1016/j.ijgeop.2022.05.004
https://doi.org/10.1016/j.heliyon.2022.e10562
https://doi.org/10.1080/10447318.2023.2184594
https://doi.org/10.3389/fpsyg.2022.1016300

Erianda et.al | Journal of Applied Science, Engineering, Technology, and Education, 2022, 4(1): 223-245

APPENDIX 1. Systematic literature review data extraction

uorjudjut uondope

SIJBIIPOW SSAUIARAOUUIL 1opuan 08y (LI11d) L1 worEonps
Jeuosiod ‘eouonjyur NAS % £9AIS  ssauoATiEAOUU] [BUOSIO ‘ON[ep Ul SSAUdATIEAOUU] 10y ut co:mocm TT0T ‘*92d
[e100s pue uoeAnow - aAnEIuUENQ 9011 ‘UOIJBATIOIA JTUOPIH [euosiod OSIOABIOWI N uon -V % UBMPV-TV
oropay Aq paousnjjur ‘oouan(juy [e1oog ‘Aouejoadxy ®lNvin
A[3uons uondope s,7 uan 1104 ‘Aoueioadxy douewIoNo
uondope
: n[eA 9oL ‘UON)BATIO Surures| [feqioyse
ButuIpa] s10ds soouanjur INAS % AoAng  OUOPOH hmﬁwo\w‘ﬁa.o% w:%ﬁ:.wom\m . Ho“ W_mma\,waoﬁm 7202
Aremnonaed uoneanow S oANEIUEN  ‘oouonpu] 61008 ‘Aotre1ood ANV AT et
] el Ju] Teroos ‘Aouejoadxy osn 0} uonudIuI [e 10 Sue g
OIUOPY -LORUII [BIOIALHq 11013 ‘Aoueioadxy souewIofIod syuapmis a39[[0D
s101pa1d AJA109JJd Z1NV.LN .
uondope jo1paid A[3uons [onuo)) [elorAryag Surures|
oouonyyur 10od pue [013U0D NAS 2 AoAIng ‘Qouan(juy [e100§ ‘Aoueldadxyg [[eqioseq 10} asn .
[BIOIABYQQ 1X9IU0D S}I0ds - dAnEIUENQ) QOUBWLIOJIOJ ‘OS] JO aseq WVLPPUORH - 15 epow Sjuopmys 20T TR uod
10J 9AT}ORIIQ NV.L PopuaIxyg PIATIIIJ ‘SSOUINJAS() PIAIIOIDJ 9391100 9sauIy)
1XQJU09 [eJIpaW Ul S10)01pard Sururen [eorpow
3uons o1e Aoeo1yJo-J[os yoeoidde 1roddng jeuonnjnsuy (Surures u EBW s omwg%‘ - 202
pue ssaunyasn paArddad TN-INAS PU9AH ‘Koeo1jJH-J1oS ‘9sN Jo aseq ouIyoR) s 01 wonuAI “bnoZIEwTY
‘{Aoernooe uonorpaid - JABIIUENY)  POAISDIOJ ‘SSOUINJOS() PAAIIIId] TIN-INAS PU9AH SUBDMS [EoDOIA ‘ !
soroxdwil urures] QUIYOBIA SIS [E9IPIN
HOREONPS [291pat KoeO1JH-J[9S ‘UOBATIOIN Sururen [eorpawt
ul [enuanpjur Aprenonied . o o :
INAS 2 AoaIng suonIpuo)) SUILI[IoR,] UI 9SIOABIOW 20T
SUoONIpu0d FunE)IIoe) - aAnEIUENY - % d LAVL Papuaixy d “
el [Ju] Teroos ‘Aoueyoadxy Jo aoueydoooe [® 30 Iypeme[y
pue Koueioadxd sourutiopid o1y ‘Aoueioadxy 9oUBULIOIS SjuUopMIS [BOIPd
$01J109dS-)Xa1U0D [BOIPIIA HOIFH 102dxy F1od SIUSPNIS [BIIPIAN
Bujuued [euopmpsuL sIsA[eue ssauIpeay A30[0uyod],
10J AoeInooe uonorpaid : . i [9POIN uoreonpa
aanorpaid ym suonIpuo) uneioe] ¢e0T
soaoxdurr Suruies] suryoew . . PuUQAH Surureo]  Joy3Iy uI 9sIoArOW
‘szaaup nondope Aoy TN-INAS PHU9AH oouanfjuy [e100§ ‘Aouejoadxyg SUTOEIN-INES o nondopy & 10 vAAeInqy
) : : -aaneyuend) 1oy ‘Aoueryoodxy oouBULIOJIO] H 3 ndop
soygnuapt yoeordde prglyg AN
Surpur Arewirig K30[0poyIdIN dqerie A judpuddopug [PPOJAl/A109Y ], 193[qng/1X9)u0)  JIBIX 2 I0YIny

240



Erianda et.al | Journal of Applied Science, Engineering, Technology, and Education, 2022, 4(1): 223-245

uondope [eorpow

10§ Teon1Io J10ddns
[euonmnsur ‘sdiysuoneor
Jeau[-uou S[BOAdI

TN PuUB INAS Suruiquioo
yoroidde [oAoN

SIOALIP A9Y

9IE UOTIBAIIOW OTUOPIY
PUB 20UIN[JUI [BIJ0S
{s30nIsuU0d ZINV.IN

Aq paoudnpjur Appueoryrugis
ST 9SIOABJOW dsn

0] UOT)UAIUI SNONUIIUOD

Jo Ayjiqeureisng

1s1s10d SUIOOU09

AjI[1gesn pue sioLLeq
[eoruy29) ‘Tenudjod

moqe [nyadoy arym
‘paxtwr uondoorad juepmg

110ddns Teuonninysur
pue uondoorod

sisATeue ooueproduwn

AINIBdJ PIM TIN-INAS
PUQAH - dAnEIuUEN)

NAS-ST1d
29 KoaIng - aAaneueng)

sdnoin snoo,q 2
KoAINg - SPOYISIA-PIXIN

Koeoyyg-J108
‘ssourpeay A3ojouyoa,
910ddng TeuonmISUT
‘SSQUNJAS() PIAISOIDJ

on[eA 9oL ‘UOIIBATION
JTUOPAH ‘SuonIpuo))
Suneyoe, ‘dousnfjuy
[eroog ‘Aoueioadxy
110334 ‘Aoueroadxy
QOUBWLIOJIO

doudodxy 19s) ‘sonss|
[eoruyoa ], ‘yuswogeduy
‘ssaunyasn

‘uondoorad Juopmg

uonuau [eIoIARYOY

[OPOIN PLUGAH INHS
29 SUIUIBYT SUIYORA]

19PON
popuIXd ZINV.LN

SPOYISIN
-PaxXIN 2A1RIRUEN()
% 2AnEN[ENQ

Sururen [eorpow
ur os1eAejow Jo uondopy

uoneonpa Ioy3Iy
ur uondope JSIOABIOIN

Surureo|
QUITUO JOJ SOSIOABIOW
Jo uondooiad juopng

€20T T8 10 wnojes

€20T “Te 32 wnoyeg

€20T e 30 seloyg

Surures| suryorN (B RJINEING
A3ojouyds9) uo spuada : : 9S[) JO 9SBH PaAIdOId uoneonpa Joysiy ur uonydope ‘uakn3
_mmnm: 1 P P ¥ INAS-ST1d yoroidde i nJ H PIAldId [BINON [BOLIY) NNV neonpe IaysIy ur uondop £20¢ i N
IPeaI ,SIUAPNIS enq] - SAEIIUEND) SSOU[NJOS) PAAIIIID] g A OSIOABIOW O] SSOUIPBY 2 uei], ‘Sue(q
NNV Jm paaorduar 1ena AN ‘ssourpeay A3ojouyoa, ¥ NES-STIdP I
KorINOOE SATIOIPAIJ
4Sa001S apIAI( [en31( ‘KoeIn T
[BUONIMNSUI J0J [BIIUSSSS [ensia mwou%coo
Sururen vcm A WAS Suneyoe,] ‘eousnyjuy [OPOIN  uomneonpa 10ysiy ur uondope €20C
ton dope 1opury 191 an._ 29 KoAIng - sAnenueng) [e100g ‘Aoueyoadxyg papuaxg 1NV.IN 9SIoAB)OW UI SANSSI (BN “Ie 30 IpfemU |V
T : : 110JJq ‘Aoueyoadxyg
Kor1d1] pue apIAIp [eN3IQ S————
soueydaooe uuojerd 103 uonuuy
[BO1LIO SAUW00IN0 FUTUILI] WS [BIOIARYQE ‘SOUWIONINQ suroyyerd Suruies) paseq €20z
pue MWM%%%: vuiowog 2 ASAIN - SATEIIUEND m”EEmoA Korolq-J19S VL papuorxyg -9SI10ABIOW ASN o\M uonuajul “[2 10 UEAPY-TY
‘uonydope woyyerd 03 9S[] JO 9SB PAAIAIId] STUapNYS AJISIOATUN)
orqeordde NV 1 pepuaixyg ‘SSOUINJIS) PIAIIIOG
Surpur Lrewrig AS0[0POYIIAl  d[qeLieA judpuddopuy [OPOJAl/A109Y I, 193[qng/3x93u0) I8 X % Ioyny

241



Erianda et.al | Journal of Applied Science, Engineering, Technology, and Education, 2022, 4(1): 223-245

s10301paId Arewnid se
Koue10adxa oourwoyrod
pue SuonIpuod
Suneyqioey ‘uondope
9s19ABIOW Y3noIy)
pasoorun SuruIed 2Imng

13 ASo10UT09)}

pausIe ysnoayy
UOT)BINPS JAIIRWIOJSURI)
{SSOUAANIJYJD

C-1NV.L[] SPU9)xs [spout
A310uks A3o[0utd9)-yse],

uondope syoedur
Apueorjiudis Jurures|
OAIJBIOQR[[0D {JUSUISSISSE
OLIIUQD-IOUIBI]
soziseydwo yoeoidde
UDALIP-03PI[moury]

uonuajur uondope
s100Je A[JueorjIusdIs
[0JJUOO [BIOIABYDQ $10}0B]
Koy se Aiqnedwod
smoys yoeoxdde pugAHq

uorneIsoul
K3o10uyo9) 10J [BINILIO

INFS
29 AaAIng - aaneIUENQ)

NS
2 KoaIng - oAneIuen)

INFS
29 ASAINg - daneIRUENQ)

PHAAH NNV-INES
2 KoaIng - oAneuen)

n[eA 9oL ‘SUOIIPUO))
Suneyoe,] ‘eouanyjuy
[e100S ‘Aoueioadxyg
11034 ‘Aoueyoadxyg
Q0UBWIOJIOJ

J1,] A30j0Uyo9],

-yse], ‘onfeA

011 ‘UOT)BATIOIN
JTUOPAY “@oudnyjuy
[eroog ‘Aoueioadxy
110JJ4 ‘Aoueyoadxy
QOUBWLIONIO
suonIpuo))

Sunenyoe, ‘Aouejoadxyg
SRl RIRER
‘UONIRIANU] [BI00S
‘BUIUIBYT 9AIIRIOQR[[0))
‘Furreyg o3pajmouy]
Anpqnedwo)
‘a8euBApY QATIR[OY
‘Jonuo)) [eIoIALYg
PIATIISJ “WLION
0ANd3[qng ‘Aouejoadxyq
110JJ4 ‘Aoueyoadxy
OOUBWLIOJIO
S10N1SU0))

[9POIN d9ueydasoy

[OPOIN 2oueidoooy
A3ojouyo9,
¥ clnvin

(4LL)
11, A3oj0uyos ] -yse],
% ¢-LNV.LN Papuaixy

LNVLN 2% Jiomawel
Juswaeury

o3pajmouy]

(Ax00y [, mOISIII
uoneaouu]) 11
% dd1-INV1-D PUaAH

uoneonpo
Ioy3Iy ur suonuIul
uondope uoneonpa-ejoIN

A310UAks A3010UT]09)

-se} pue ¢-1LV.LN
y3noayy uonydope 9SI19ABIOIN

uoneonpa Joysiy
ur uorjdope osIoABIOW
USALIP-23Pa[moury]

S[opouw papu)xad SuIsn
as1aaejowr 3dope 03 uonuau]

20T
“Ie 12 UempY-TY

¥T0T “[8 12 PadpIy

¥20C
“Ie 9 uIsynunpqy

€20T “YOIA
29 Suny) ‘Suep

st ssauparedaid 1oyoea) WAS  ASo[ouyos], ‘uonipuo) [OPON uoneonpa

: g uonIpuo)) Ao,y  9OUSIIS UL YA JO doueidadoe €207 “Te 30 JIyoy L,
‘oueydoooe YA 1098 29 AdAINS - aAnjeInUENQ) Aproe ] ‘93pajmouy]

Apueoyyugis suonIpuod udu0)) [ed1303epod TINVL® AOVdL (S19UOE} 99IAIRSd

Aypioey pue JDVAL [eo130[0Uy2 ],
ooueydaooe AN1qISse00y
90IAIOS UONBWLIOJUL woIsAS ‘Aend

joedur s10308] [ENIXAIUOD NAS UOT)RWIOJU] ‘SI0JOB,] WV.L % SHoMIwbL] S9OIAISS ATeIqr €20C

‘uondope A1e1qI] 29 AOAING - dAnjRIIUEN() UONBIIUNWIWO)) HONBOIIMIIO) [en3Ip ur oFesn 9SIOABION [ 30 yIsSuruekipag

SOOUAN[JUI UOTBOTUNTIIIO ‘aS) JO oSy PIAIIIOJ [emxeitoo-ad

[emIxXaIU0-0(] ‘SSQUINJAS() PIAIIIOJ

Surpur LrewiLig AS0[0POYIAl  d[qeLIBA Judpuadopu] [PPOJA/A109Y I, 193[qng/3xa3u0) 183X % Ioyny

242



Erianda et.al | Journal of Applied Science, Engineering, Technology, and Education, 2022, 4(1): 223-245

suoryerndod

JUSPIYS JUSIDJJIP 0]
papaou sar3arens uondope
PozZIuoIsno JuedyrugIs
saouaropIp dnoin

uondope
KJISIOATUN 10J PIPIU
J1omowel) dAsuaydrduwod

INFS dnois-nnp
2 KoaIng - oAneIuEnQ)

NAS

yqeHq

“QoUANJUT [BIOOS ‘AN[BA
QLI ‘UOTIBATIOIN
o1uopay ‘Aouejoadxyq
110334 ‘Aoueyoadxy
QOUBULIOJIS

uonuou] [eIolARyog
‘SSOUQANOJYH SuruIes|
“10ddng TeUOnNITISUT

SIsATeuy
dnoi3-nm ym
CLNV LM Papuaixy

$10)08,] [EUOIIMIISU]

(s1sA1euy dnoi3

“BINAD TLAV.LA PAPUIXd
y3no1yy uorydope 9SI9ABIOIN

NV .L PIpudIxe

¥T0T “I® 19 BpURy)

¥20¢

EANMHMMMMHH 2 KoAIng - oAneIuen) (a8() JO OSEF POAISPIOG UM NVL papuaixg  ySnoay) uondope ISIOABIOIN ‘Te 10 zadoT-onse)
Jioddns [euonmmsyy SSQUNJIS) POAIOIId]
BIqEIY Ipnes UOIBATIOIN ‘A0eO1JH
Ul UOTJUSIUI [BIOIARYDQ -J[9S ‘suonipuo)
1wipard Apueoyrugis WAS  Suneiioe ‘oudnjjuy [9PON LOV.LN POpuIxd 20T
S1ONISUOD [[B $JXIU0D 2 KoAIng - dAneIuen) [e100§ ‘Aoueyoadxy LNV.LN popuaixyg 3ursn uonuIuI [IOIABYIH “Ie 19 Liewweys[y
[eUOnBINPI UL QATJOPJO 1ol A ‘Aoueyoadxyg
INV.IN popuarxyg JoUBWLIOLIdJ
uorneIdojur A30[0uyod} Anrend
1oddns syromaurery POAISOID] “Qoudnyyu] ]
; ¢ [SPOIN uonesnps Y0 "Wnofes
SuruIed| 9ARIOqER[[0D NAS [e100S ‘SuOnUAIU]
. Surreyg o3papmouy]  Ioy3Iy ur SuLreys oFpaMmouwy| » eAAemqy
‘uondope doueyud 2 AdAIng - aAnEInUENQ) Sunreyg oFpajmoury| ODUSIX 101 TondonE SSIOARID bnozIeul
ApueotjIugIs SuonuduI ‘as[) JO aseq PRAIRII] ¥ VL poptond J toncop PN ‘ v
Surreys agpajmouy ‘SSQUINJAS() POAISOID]
uondope aArsnjour oouanyyuy
J10J TRIONIO SI SS008 [e100S “‘Aoueloadxyg
o : uoreonpa 1oy3Iy ut
ut Aynba ‘suondaoiad INFS QouewIofdd  LNV.LN 2 IomIwel] $202
T : ] ) SOI30[0UYD9) YA SAISIUIIL .
juapmys joeduwir 29 KoAIng - oAneIURNQ) Kynbyg ‘Aiqeureisng Aypiqeure)sng [e100S [ 19 Ip[emMy |V
. . . . 8 . H 5 . . Jo \Au:_nﬁmﬁﬁm“mSm [e190S .
Apueoryiugrs syoadse [BIUSWIUOITAUT
AIqeure)sns [eI00S ‘UOTORINU] [BI00S
uondope [eorpowr 10J UonuUUJ [eIOIARYDYG
SI0}0BJ A3 SSOUOATIOL ‘SSOUQATIONN] R —
Butued] puv Ajiqneduioo KaAIng - dADE)T W\Mw S guuea ] “Aypiqpedwod WV.L papuond ur Joue mwoomwmuo\/%o “Ie 12 JooIe vm.om
)X9JU0d [BOIPAW 0} ¥ S heyguend ‘9S) JO aSeq PAAIIN] : ! PN 1639 JOOIBNTV
s[qeoridde NV I popuaixg ‘SSQUINJAS() POAIDIdJ
Surpury Arewag AS0[0POYIN  dqerieA yudpuadapuy [9POJA/AI09Y I, 393[qng/1x33u0) IR X 29 Ioyny

243



Erianda et.al | Journal of Applied Science, Engineering, Technology, and Education, 2022, 4(1): 223-245

uondope saaoxdur
Kouoredsuen) ‘ooue)sisox
surejdxo A100y)
uoreAIow 3A1R99301d
‘Teronio soueeq

jsnx) pue uordoorad sy

uondope

saouequo Joddns
Awouojne y3noiy)
UOTJBAT)OW JISULI)UL
¢s10308J [eo130[0y0Asd
S[eaAdI UONBISAUI [ (S

SON)ISIOATUN
ur uondope paurejsns
10§ TeonLd Ajrenb
uoneuojur pue Ayjenb
WAISAS {oouBNUNUOD
syo1pald uonoejsnes

j1oddns pue
JUSWAAOIAWI SNONUIIUOD
saxmbar uondope
paure)sns :10308J
Krewid se uonoejsyes
S[BIADI SPOYIOW-PIXIIA

ssourpeal
uondope jo uonorpaxd

INHS
2 ASAINS - oAnEINUENQ)

NFS
29 KoAIng - aAanguEnQ)

NS
29 KoAIng - aAaneueng)

SMOTAIOU] 29 AOAINS
- SPOUISIN-PIXIN

UOT)BAT)OJA] QATIO)OL]

‘Koueyoadxyg
Q0UBULIOJIOJ

‘SSOT JO I8
‘KoeolyJH-JIos “Isniy
‘wondadiag Jsny
ssaupale[oy
‘Qoudjodwo)

‘Awouoiny ‘oudnjyug

[e100g ‘Aoueyoadxy
ywoyg ‘Aouejoadxyg
QOUBULIOLIOJ

Uonuau] aduenunuo))

‘Aren) uonewLIOyU]
‘Arend) waiskg
‘uonoejsnes ‘osn

JO oseq paAIddIRg

‘SSQUINJOS() PIAINOId]

JOTARYQE 9OUBNUNUO))

‘uonuAU] [RIOIARYIY
‘ssaupnyasn
paA1oo1d{ ‘Ayreng)
wRISAS ‘uonoRIsnes

Kouejoadxyg

Q0uUBWIONIoJ ‘AovoLy

SJJomaures |

sy 79 A1oay],
UOIBATIOJA SA1109)01J

(Las) AroayL
UONeUIUId-J[OS

% 1NV.LN papuaixyg

[OPOJA] 9OUENUTIUO)) 29
[OPOIN PopuaIXy INV.L

uoneI3au] NV.L
2 [OPOJA 20UBNUNUO))

uondope os1oAB)OW
ur jsny pue uondaorad sy

LdSs pue 1NVIN
y3noiyy uondope 9s10ABISIN

SIUSUIUOIIAUS SUTUIBI]
OSIOABIOWI Y A UI UOTIUSIUT
JouBNUIIUOS pue 2oue}daooy

(spoypow

-poxIA) SoI130[0UYd}
Sururea] sAIsIOWIWI

Ul UONUSIUI 0UBNUIIUO))

20T
“Te 30 Arrepy-1v

¥20T e 10
onbrue-opuI[ED

¥20C
“Ie 19 9[eIeN 1

20T ‘edern ep
29 BIRAIQ ‘O3LIg 9p

i} ¢ LNvin uoneanpa 1oySIy
soA0Idwy SuBILLIONP WHS J mu S SSOUIPEoY 29 [9POJA S10308] Ul So130]0UY99) JAISIOUIUT . vc0c
[eon1I0 JO UOnRISNUI 29 ASAING - dAlIBIUERNQ) [B100S ‘SSQUAATIOIT I® 12 dal1aney)
; . [eon1) pajeidoiu] J10J SSoUIpeal JUIPNIS
‘[opouw SSoUIpeal Sururea| ‘ssaurpeay]
aarsuoyardwo) A3o1ouyo9],
dlqeLIeA
Surpury Arewrig A3o[opoyId N jwpuddapug [PPOJAl/A109Y ], 193[qng/3xa3u0) IBIA 29 doyiny

244



Erianda et.al | Journal of Applied Science, Engineering, Technology, and Education, 2022, 4(1): 223-245

Aynba 103 papasu 310ddns
P93931e) fo10W USWOM
s109e A1arxue A3o1ouro9)
0310Wd SOOUAIIPIP
Iopuds jueoyrugIg

ssounjasn paareorad

pue 110ddns [euonmunsut
Aq paouanpjur ssousurjim
Jossajoid ‘uondope 10y

INAS 2aneredwo)
29 KoAIng - sAneInUEn()

INFS
29 KoAIng - aAnEIRUENQ)

Kja1xuy A3o1outda],
‘SQOURIAYJI(T JOPUID)
‘uonudA] [eIOTABYY
‘aS[] JO ISeH PAAIIId]
‘SSOUINJIS) PIAIIIDJ
SuonIpuo))

Suneyyoey ‘Kouejoadxyq
douewI0JId ‘Woddng
K)noe,J ‘ssourpeay]

SIsA[euy
Iopush M NV L

uoneI3au] 1NV.IN
2 [9POIN HINVS

uoneonps 1oy3ry ur uonydope
YA UI SOOULIJJIP JOPUID)

SOSSE[O
OATSIOUILT UT 9SIOAB)OUI
Jo 2oueydoooe J0ss9J0I

$TOT T8 19 yepIepy

$TOT T8 10 BN

[e1onio aoueydoooe Anoeq . [BOIBO[OUYAO
: SSQUINJOS() PIAISIID]
oun a3esn
IOAO :oﬁMNﬂW Mmﬁwsmusoo yoroxddy mso::ucob uonuu[ e —
I [Suons [eIOIARYQ{ ‘UOT}ORJSTIES .
uonorysnes ‘suoned NNV-INAS 1end ‘Koueyoadxy [9POIN NNV-INHS [end IoyS1y ur os1oAejow SC0C "B IV
: S 29 KoAaIng - sAnenuen() . 9sn 0) UONIULIUT SNONUTIUO))
JeouI[-UOoU S[BOAI AN 110334 ‘Aoueyoadxy ‘ ‘ :
NNV-INES pagdeis-fenq QOUBWIOJIOJ
Surpur Arewrig AS0[0POYIdIAl  dlqelIBA Judpuddopuy I9POJAl/A109Y ], 193[qng/3x9ju0) I8 % doyny

245



