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ABSTRACT
The metaverse, an interactive and immersive 3D virtual environment, has recently
become popular and is widely used in several fields, including education. However,
the successful use of metaverse relies on the extent to which users intend to adopt and
use it. Close examination of this critical issue reveals a lack of research that examines
the effects of certain factors on users’ intentions toward using metaverses. Thus, this
study extends the technology acceptance model by integrating two constructs—
perceived system quality and students’ personal innovativeness. Using a survey to
collect data, 164 responses were received from students at the University of Ha’il in
Saudi Arabia. Two steps in structural equation modelling (SEM) using the AMOS
software were applied to analyse the data and test the research hypotheses. The
results revealed that perceived system quality had a significant effect on students’
intentions to use metaverses through perceived ease of use. Furthermore, personal
innovativeness had a significant effect on students’ intentions through the perceived
usefulness of the metaverse. In addition, perceived usefulness affected students’
intentions to use a metaverse. Surprisingly, perceived ease of use had an insignificant
effect on students’ intentions to use the metaverse. Although the proposed model and
its findings contribute to the technology acceptance model (TAM) literature, the
study’s practical value is significant because it can help educational policymakers and
authorities to understand the effect of each factor and plan future strategies.
Additionally, the findings of this study can assist practitioners, designers, and
developers in designing and promoting the utilisation of metaverses.

Subjects Human-Computer Interaction, Adaptive and Self-Organizing Systems, Artificial
Intelligence, Autonomous Systems, Computer Education
Keywords Metaverse, TAM, System quality, Personal innovativeness, Higher education

INTRODUCTION
The metaverse is viewed as the coming Internet generation that can rapidly change users’
communication and interaction with others worldwide (Hwang & Chien, 2022). An
interactive and immersive virtual environment using 3D that assists in the digital
simulation of the physical environment, the metaverse has generated significant interest
(Ning et al., 2023; Alkhwaldi, 2024). The metaverse was developed using several emerging
technologies, such as augmented reality, artificial intelligence, digital twins, virtual reality,
blockchain, 5G, and extended and mixed reality (Wang et al., 2022). It has advanced
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features in its decentralised, interactive nature and its effectiveness in representing a virtual
community (Hwang & Chien, 2022). It enables a wide ranges of interactive environments
where users can access digital avatars that enable them to communicate with others (Cheng
et al., 2022). Persistent and perpetual spaces enable users to communicate and engage in
several different activities for instance, work, tourism, conferences and education (Skalidis,
Muller & Fournier, 2022). Furthermore, the metaverse is designed and built based on
decentralised technologies that enable users to possess autonomy and ownership (Ng,
2022).

Moreover, the utilisation of the metaverse in education can enhance virtual online
learning experiences and make it easier for instructors to provide virtual classes which
imitate traditional face-to-face classes (Teng et al., 2022). In addition, the metaverse could
have a higher level of customisation and creativity and less associated risk that could attract
students’ interaction and motivation and boost their engagement, thereby expanding the
activities of traditional learning methods by providing experiences and opportunities that
may not be feasible using other technologies (Ng, 2022). Therefore, compared to prior
technologies, using metaverse in educational field might allow better interaction in the
learning environment, recreating cognitive and emotional processes and closely
mimicking the experiences of face-to-face classes. Furthermore, metaverse learning
contributes significantly to enhancing learners’ motivation and immersion (Akour et al.,
2022). For example, it provides students with the opportunity to attend simulated and
virtual classrooms and interact with their instructors and classmates using personalised
digital avatars.

The development of metaverse technologies will create up to 23.3 million new jobs
worldwide by the year of 2020, and the revenue growth of education will reach about 294.2
billion dollars (Ababkova, Pokrovskaia & Haj Bara, 2023). Furthermore, the estimation of
the metaverse in the educational market will grow at a CAGR “Compound Annual Growth
Rate” of 42.9% in the year of 2021 to over 13$ billion by the year 2026. Additionally, A
Holon IQ report declared that the global spending on metaverse in education will increase
from 1.8$ billion in year 2021 to 12.6$ billion by year 2025 (Anderson, 2023). The
effectiveness, sustainability, and value of metaverse might hinder user acceptance (Wang &
Shin, 2022). A growing community of users has been accepting the benefits of metaverses
(Ni & Cheung, 2023). In addition, accepting a particular technology among users is an
essential factor in its development, implementation, and investment. In a metaverse
context, practitioners and designers should understand the factors driving user acceptance
prior to the investment, development, and implementation of this emerging technology.
However, most current studies on the metaverse have focused on technical issues and
aspects (Du et al., 2023; Lee & Gu, 2022). Few published studies had focused on factors that
may affect users’ acceptance (Al-Adwan et al., 2023; İbili et al., 2023; Wu & Yu, 2023).
Thus, there is a need to comprehend the factors which determine the metaverses
acceptance among their users, a critical issue during this period (Alkhwaldi, 2023;
Maghaydah et al., 2024). Various variables, such as social and psychological constructs,
social norms and self-efficacy (İbili et al., 2023), trust (Jeong & Kim, 2023), and social
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media experiences (Pan, Jung & Suo, 2023), might determine metaverse acceptance among
its users (Wu & Yu, 2023). Nevertheless, little is known about the effect of personal
innovativeness and system quality on the user acceptance of metaverses. System quality is
defined as the characteristics of an information system in terms of its easiness for usage,
system reliability and flexibility, response time, sophistication and intuitiveness (Petter,
DeLone & McLean, 2008). It is also related to the measure of information systems in terms
of its design and technical prospectives (Gable, Sedera & Chan, 2008). According to IS
success model, system quality is an essential success factor which could influence users’
intention to use (DeLone & McLean, 2003). With the context of metaverse, it is defined as
the characteristics of metaverse in terms of its ease of use, flexibility and reliability,
response time, technical and design features. Despite the significant number of studies on
system quality, very few studies have assessed its effective role in students’ acceptance of
metaverse. On the other hand, personal innovativeness stands for a user’s willingness to
experience a new established technology (Agarwal & Prasad, 1998). In the context of
metaverse, personal innovativeness refers to the students’ willing to experience metaverse.
Even though personal innovativeness has been assessed with many technologies such as
with massive open online courses (MOOCS) (Gupta, 2021), learning management system
(LMS) (Abdul Rahman, Umar & Abdullah, 2020), adoption of online courses (Amid &
Din, 2021) etc., the effect of personal innovativeness on metaverse has received little
attention and not yet understood. Furthermore, İbili et al. (2023) call for further study to
extend a technology acceptance model and examine the effect of perceived system quality
and personal innovativeness on students’ acceptance of metaverse. Additionally, it is
unclear whether these factors, namely perceived system quality and personal
innovativeness, could affect students’ intention toward accepting the use of a metaverse.
Moreover, thus far, no study has assessed the effects of metaverse system quality and
students’ personal innovativeness on users’ intentions to use metaverses. To address this
research gap, the current study was conducted to determine whether these factors,
students’ personal innovativeness, and metaverse system quality affect the acceptance of
metaverses.

The current study contributes to existing research that focuses on various aspects of
metaverse acceptance. First, it confirms the empirical application and validity of the
technology assistance model’s (TAM’s) original constructs in a metaverse context. Second,
the study novelty lies in its proposed conceptual model incorporating the constructs of
personal innovativeness and perceived system quality into TAM constructs. Thus, this
study makes valuable contribution. Third, it might be a valuable study for practitioners and
designers who wish to comprehend the factors which influence the user’s acceptance of a
metaverse and to work towards optimising the metaverse, which could lead to an increase
in the user’s acceptance of it. In the following sections, this study focused on discussing
these aspects; the literature review related to studies conducted on metaverse, the research
hypothesis and proposed model, procedures of methodology in regard to data collection,
measures and data analysis, presenting the findings, discussing and comparing them with
previous studies.
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LITERATURE REVIEW
Several studies have attempted to reach a clear and unique definition of the metaverse
(Narin, 2021). Lee & Kim (2022) defined a metaverse as an immersive, permanently
minimised reality environment where users and objects could collaborate, communicate,
and interact with no restrictions on space and time by using a digital avatar. It seeks to
produce a mirror of the real world and integrate both real and virtual worlds into all spaces
of life. Further, several emerging technologies have played significant roles in accelerating
the growth of metaverses such as: (1) Augmented and virtual reality technologies that
provide 3D immersive experiences with multi-sensor communication; (2) Enhancing
mobile broadband, 5G/6G, and ultra-reliable low-latency communications to provide a
higher structure for communicating in systems; (3) The blockchain and artificial
intelligence (AI) that enable the creation of large contents and the use of non-fungible
tokens (NFTs) for supporting digital resources (Lee & Kim, 2022). All these technologies
have made significant advances in the metaverse industry. Furthermore,Wang et al. (2023)
highlighted the power services of the metaverse which include modification of video games
and earning digital assets and money, immersive social experiences, online collaboration
and learning, 3D design and simulation of physical objects, creation of content, and
commerce using the metaverse through the support of NFTs and blockchain (e.g., trade of
arts, digital music, content, and applying virtual works and business).

The metaverse usage for educational purposes in Arab counties has been increased
recently. A study of Salloum et al. (2023) proposed a model for assessing the continuous
intention to use metaverse in higher education in Oman, and the findings showed that
innovative academic environment could affect students’ and teachers’ attitude toward new
technology. Understanding how the function of metaverse such as innovative education
tools could affect students’ views regarding using it, assisting institutions in higher
education to set and develop new regulations which could enhance their learning process.

Additionally, several challenges are associated withmetaverse use (Chen, 2022). Metaverse
behaviours can increase mental and physical health risks (Tlili, Huang & Kinshuk, 2023),
stress, loneliness and cognitive load (Bibri & Allam, 2022; Oh et al., 2023), and virtual world
addiction (Bojic, 2022). Furthermore, the private stored information of users in a metaverse
can be hacked once they use it (Tlili, Huang & Kinshuk, 2023). Additionally, metaverse use
can lead to some ethical concerns, for instance, inequalities, bullying, and discrimination
(Dwivedi et al., 2022).

Although academics in the field of education have not yet adequately considered
metaverse use, some researchers have begun conducting studies on this emerging
technology and have highlighted several findings (Guo & Gao, 2022). Studies that have
assessed the educational utilisation of metaverses have mostly focused on language
learning, medical education, science education, physical education, and VR/AR
technologies. For instance, Suh & Ahn’s (2022) study assessed the experiences of
students in elementary schools with metaverse to evaluate if it is suitable for learner-
centred constructivist pedagogy. Ortega-Rodríguez (2022) conducted a study to evaluate
the benefits and pedagogical challenges of education using a metaverse. Moreover,
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Jovanović & Milosavljević (2022) assessed both the disadvantages and advantages of
learning in metaverse and the setting of traditional classes. Erturk & Reynolds (2020)
investigated the effects of immersive media in metaverse environments and how it could be
a convenient tool that supports learning. Moreover, the metaverse adoption practices by
instructors and students has gained further attention. For instance, Almarzouqi, Aburayya
& Salloum (2022) conducted a study that assessed postgraduate and undergraduate
students’ perceptions of metaverse adoption for use in the medical field. Similarly, Lee &
Hwang (2022) used the metaverse to link the experience of English teachers to assess their
readiness and the challenges associated with using it. Mustafa (2022) assessed university
instructors’ and students’ opinions regarding the metaverse and its support system during
its use. Teng et al. (2022) investigated the factors that influence students’ intentions toward
the metaverse use of basketball.

For the metaverse to be successfully implemented, it is essential to assess the factors that
may contribute to its adoption and acceptance (Al-Qaysi, Mohamad-Nordin & Al-Emran,
2020). Thus, an urgent need exists to understand the factors which contribute to metaverse
uses among users. Developed by Davis (1989), the TAM is a robust and valid theoretical
framework for assessing the contributing factors which may affect the metaverse adoption
(Ren et al., 2022). It can be considered the most utilised model in information systems to
examine the core factors that may affect users’ adoption of a technology, either after or
prior to technology use (Mascret et al., 2022). Beside, TAM has proved its effectiveness
when compared with other theoretical models (Al-Qaysi, Mohamad-Nordin & Al-Emran,
2020). Davis (1989) developed a model containing four main constructs as determinants:
perceived usefulness (PU), perceived ease of use (PEU), attitude (ATT), and behavior
intention (BI). PU can be defined as the number of users who believe that using a
metaverse is worthy of productivity and effectiveness. PEU can be defined as the users’
level of belief that the use of a metaverse may require less time and effort. ATT refers to
users’ level of belief that using a metaverse would interest them. BI indicates that the user
intends to continually use the metaverse. In the TAM, PU and PEU are considered the
main determinants of ATT, and ATT is the determinant of users’ intention toward use.
However, ATT was eliminated from the current proposed model as most TAM models
proposed direct effect of PU and PEU on BI, without attitude (Venkatesh et al., 2003; van
der Heijden, 2004; Sánchez-Prieto, Olmos-Migueláñez & García-Peñalvo, 2017). Moreover,
the TAM can be extended to integrate external factors that could affect its determinants’
factors indirectly or directly.

In the TAM and metaverse context, some studies have attempted to extend the TAM to
comprehend the factors affecting users’ intentions to accept and use a metaverse. Wang &
Shin (2022) extended TAM to determine the effects of certain factors on accepting and using
metaverse; for instance, they included situational teaching, personalised learning, technical
maturity, and perceived risk. Afkar et al. (2022) assessed users’ intention towards using a
metaverse by extending TAM with additional external constructs, namely gamification,
perceived engagement, and consumer experiences.Almarzouqi, Aburayya & Salloum (2022)
extended TAM and found that the metaverse was affected by user satisfaction, perceived
trainability, user compatibility, and perceived observability. Al-Adwan et al. (2023) included
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other external factors in the TAM, including perceived enjoyment, self-efficacy, and
perceived cyber risk. However, although some studies have recently been carried out to
assess the effects of certain factors on metaverse using the extended TAM, studies that
incorporate other interesting factors that assist in understanding the phenomena of
accepting and using metaverse are still lacking. Furthermore, it is unclear whether perceived
system quality and personal innovativeness affect students’ intentions toward accepting and
using metaverses. Moreover, İbili et al. (2023) call for further studies to extend TAM and
examine the effect of system quality and personal innovativeness on students’ intention to
utilise metaverse. Thus, this study proposes a theoretically extended model by extending the
TAM and incorporating constructs of perceived system quality and personal
innovativeness.

RESEARCH HYPOTHESES
TAM constructs with metaverse
Some studies have validated and confirmed the power of TAM in comprehending
metaverse acceptance and use. However, empirical studies have revealed conflicting results
concerning the relationship between the determinant constructs of the TAM. For instance,
Almarzouqi, Aburayya & Salloum (2022) found that the PU of metaverse users was
affected by PEU and that both the PU and PEU of metaverse users affected their ATT
toward using metaverse (Wang & Shin, 2022). Moreover, the PU of metaverse and ATT to
metaverse positively affected users’ intentions toward using the metaverse (Akour et al.,
2022). Additionally, perceived usefulness had a significant effect on students’ intention to
use metaverse (Al-Adwan et al., 2023). ATT positively affected their intentions toward
using the metaverse (Aburbeian, Owda & Owda, 2022). However, Ren et al. (2022) argued
that the PU of metaverse students had an insignificant effect on their intention toward
using a metaverse. The argument that the ATT of metaverse did not affect students’
intention to utilise metaverse has also been made. Davis (1989) demonstrated that the ATT
construct had no effect on intention; thus, it was excluded from the model. Therefore, the
following hypotheses were formulated:

H1: PEU of metaverse affects the PU of metaverse.
H2: PEU of metaverse affects students’ intention toward using metaverse.
H3: PU of metaverse affects students’ intention toward using metaverse.

System quality (SQ)
SQ refers to qualities of speed, functions, contents, and features of metaverse. Furthermore,
SQ is related to the performance of technological systems and users’ evaluation of user-
friendliness when using the services of these systems. It is defined as the level of assistance
that users perceive in information systems (Prasetyo et al., 2021). Previous studies revealed
that SQ significantly affects both PEU and PU in e-learning (Park, Nam & Cha, 2012;
Rafique et al., 2020; Hawash, Mokhtar & Yusof, 2021). Additionally, the effects of SQ on
user intentions to use technologies have been confirmed (Fathema & Sutton, 2013). Thus,
the following hypotheses are proposed:

H4: SQ affects the PU of metaverse.
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H5: SQ affects the PEU of metaverse.

Personal innovativeness (PI)
PI stands for a user’s willingness to experience a new established technology
(Agarwal & Prasad, 1998). The term of PI is related to how users react to ideas and
new approaches of doing things, with no matter of what other users have made in the past.
PI has been widely utilized in literature to express and explain why users start utilizing
new IT techniques or products (Simarmata & Hia, 2020). Some studies have confirmed the
effect of PI on technologies’ acceptance. For instance, Yi, Fiedler & Park (2006) confirmed
the influence of PI on users’ behavioural intentions using the following constructs: PU,
PEU, and compatibility. Similarly, Fagan, Kilmon & Pandey (2012) found that PI
significantly affected PU, PEU, and the intention to utilise virtual technology, which was
designed to teach nursing students. Additionally, some previous studies have revealed that
PI moderated the effect of perceived usefulness on behavior usage of IT (Cheng, 2014; Shaw
& Sergueeva, 2019). Furthermore, PI had a significant effect on students’ intention to use
metaverse (Al-Adwan et al., 2023). Thus, the following hypotheses are proposed:

H6: PI affects the PU of metaverse.
H7: PI affects the PEU of metaverse.
Figure 1 illustrates the research model.

METHODOLOGY
Data collection
The current study assessed the factors which affect students’ intentions to use metaverses.
To achieve this study’s objective, an extended model based on the TAM was proposed in
the Saudi context. Because metaverse implementation in the educational field is in its early
stages, research has enabled us to comprehend related issues by accepting and using
metaverse in the field. The population of this study consist of all students enrolling in
computer courses in University of Ha’il. The study participants comprised students
enrolled in higher education institutes, namely University of Ha’il, who enrolled in
computer courses and had knowledge of interactive technologies, such as metaverse. The
positions of these participants allowed researchers to achieve the study objective. The
purposive sampling was applied to select students as it targeted students who had enrolled
in computer courses and had knowledge of virtual world technologies. It selects targeted
participants when they fulfill specific requirements or share similar expertise with the
issues under examination (Palinkas et al., 2015). Thus, 164 responses were collected from
the University of Ha’il and validated for further analysis. According to Boomsma (1982),
the sample size for conducting analysis utilizing SEM should be between 100 and 200.
Thus, the data obtained from the sample of 164 students were convenient and suitable for
further analyses. Data were collected from 15 October 2023 to 10 November 2023 via
questionnaires designed using Google forms and sent to participants using different online
technologies, such as university emails and blackboards.
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Measures
The questionnaire comprised two main sections: the first was related to demographic
information, e.g., gender, academic program level, and college, while the second contained
20 items that assessed all constructs in the model. Items that measure the constructs of PU,
PEU, and BI of the metaverse were adapted from a study by Davis (1989). The
questionnaire that measured SQ was adopted from a study by Pham et al. (2019), whereas
the questionnaires that measured PI were taken from a study by Mahat, Ayub & Luan
(2012). Word modifications and adjustments were made to the questionnaire to meet and
fit the context of metaverse. While the survey language was in English, it was translated to
Arabic language as participants use Arabic as main language for learning. The completed
survey was first translated to Arabic, then translated back to English. The two English
surveys were then compared to ensure that the translation of English to Arabic is accurate.
The questionnaires included five-point Likert scales. All questionnaires are shown in
Appendix 1. A written informed consent form was received from participant for this study.
Moreover, This study has been reviewed and approved by the Research Ethics Committee
(REC) at University of Hail dated: 13/11/2023, research no: H-2023-412.

Data analysis
SPSS was employed to analyse the respondents’ demographic information, and an SEM
approach using AMOS software version 22.0 was conducted to assess the relationship
between constructs and test the research hypothesis. SEM is a powerful and robust
approach for assessing a proposed research model and testing research hypotheses (Hair
et al., 2012). Furthermore, it is a well-used approach for analysing complicated models
with many constructs, which makes it a better option for analysing extended theory
models (Hair et al., 2012). Additionally, SEM is a powerful multivariate approach which is
used increasingly in empirical investigation for evaluating and testing casual relationships
(Fan et al., 2016). Following the recommendation of Awang (2015), two SEM steps were
applied: Confirmatory Factor Analysis (CFA) for measurement model development and
SEM for testing the hypotheses.

Figure 1 The proposed research model. Full-size DOI: 10.7717/peerj-cs.2331/fig-1
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Demographic information
A total of 164 students participated in filling the questionnaires and their responses were
used for further analyses. Table 1 displays the students’ demographic information
regarding their gender, academic level, and college. Participants included 88 males (53.7%)
and 76 females (46.3%). Regarding their academic level, 156 (95.1%) students were
registered in bachelor’s program, while 8 (4.9%) were registered in a diploma. Regarding
the colleges, 53 (32.3%) students were enrolled in the Business Administration College, 32
(19.5%) in the College of Education, 31 (18.9%) in the College of Art, and 24 (14.6%) in the
College of Science, while 5 (3.0%) were enrolled in the College of Computer Science.

RESULTS
Confirmatory factor analysis
CFA is the best approach for validating the measurement model because of its ability to
consider all types of measurement correlations and errors between constructs (Hair et al.,
2012). Besides, it can analyse multiple constructs at the same time as treatment and assist
in solving identification issues owing to the few items that measure the latent constructs.
Furthermore, during CFA, three types of validity—construct, convergent, and
discriminant—should be assessed (Awang, 2015).

Construct validity was attained when all the model fitness indices met the threshold
values suggested by previous studies. Thus, CFA was conducted, and all fitness indices of
the model passed the threshold values recommended by prior scholars. Figure 2 presents
the CFA output.

As we can see from the results presented in Table 2, all model fitness indices have met
the values suggested by previous researchers.

Therefore, convergent validity must be assessed and is attained once all values of
average variance extracted (AVE) is greater than 0.5 and composite reliability (CR) is
greater than 0.60 (Awang, 2015; Hair et al., 2012). Thus, convergent validity was attained

Table 1 Respondents’ demographic information.

Frequency Percent

Gender Male 88 53.7

Female 76 46.3

Academic level Bachelor’s 156 95.1

Diploma 8 4.9

College Business administration 53 32.3

Science 24 14.6

Computer science 5 3.0

Nursing 11 6.7

Education 32 19.5

Art 31 18.9

Applied college 8 4.9

Total 164 100.0
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as the AVE and CR values exceeded the suggested values. Table 3 presents the AVE and CR
values.

Finally, discriminant validity must be assessed to ensure that all constructs of the model
are discriminant and different from other constructs. In Table 4, values conveyed in bold
refer to the AVE square root, and other values refer to the correlations of the constructs.
Discriminant The confirmation of discriminant validity is considered when all values in
bold are greater than the others in their own rows and columns (Awang, 2015). Therefore,
it is confirmed because all values in bold are greater than the others in their own columns
and rows. Table 4 presents the discriminant validity values.

Figure 2 CFA output. Full-size DOI: 10.7717/peerj-cs.2331/fig-2

Table 2 Model fitness.

“Name of category” “Index name” “Index value” “Acceptance value” “Decision” “Reference”

Absolute fit RMSEA 0.083 <0.1 Accepted Fabrigar et al. (1999), Awang (2015)

Incremental fit CFI 0.933 <0.90

TLI 0.920 <0.90

IFI 0.933 <0.90

Parsimonious fit Chisq/df 2.134 <3.0
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Standardised estimates
A standardised estimate was applied to assess the beta coefficient among the latent
constructs, the R value, and the loading of factors into the constructs. The standardised
estimate was run first, and its output is presented in Fig. 3.

The R-squared—shown in the dependent variable of behavioural intention toward
using Metaverse—is 0.76, which means that the behavioural intention to use metaverse is
assessed by all related constructs in the proposed model, namely, PU, PEU, SQ, and PI.
The results of R-squared show the model’s high explanatory power in explaining what
factors could affect students’ intention toward using metaverses. Cohen (1988) highlighted
that values of R-square higher than 0.25 confirm a high model’s explanatory power. Thus,
the proposed model’s value of 0.76 demonstrates high explanatory power in examining the
phenomenon of the factors that could contribute to students’ intention toward using
metaverses.

Unstandardised estimate
An unstandardised estimate is necessary for calculating regression weight (beta estimate)
and assessing critical ratio for testing the hypothesis. It was conducted and its outcome
shown in Fig. 4.

The results demonstrate that SQ had a significant effect on PEU (β = 0.704, p < 0.05),
and both PI and PEU had a significant effect on PU (β = 0.505, p < 0.05; β = 0.235, p <
0.05). Furthermore, PU had a significant effect on behaviour intention to utilise metaverse
(β = 0.768, p < 0.05). Hence, H1, H3, H5, and H6 were supported. The results also
demonstrated that PI had an insignificant effect on PEU (β = 0.026, p > 0.05), SQ had an
insignificant effect on PU (β = 0.197, p > 0.05), and PEU had an insignificant effect on

Table 3 Values of CR and AVE.

CR AVE

PI 0.858 0.604

PU 0.905 0.760

PEU 0.831 0.625

BI 0.858 0.671

SQ 0.945 0.743

Table 4 Discriminant validity.

PI PU PEU BI SQ

PI 0.877

PU 0.768 0.872

PEU 0.586 0.682 0.790

BI 0.857 0.834 0.653 0.869

SQ 0.831 0.769 0.698 0.755 0.862

Note:
Bold values indicate the AVE square root.
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behaviour intention to utilise metaverse (β = 0.084, p > 0.05). Thus, H7, H4, and H2 are
rejected. Table 5 presents the hypotheses testing results.

DISCUSSION
The current study aimed to assess the constructs that may affect students’ intentions
toward using metaverses. To achieve this, the TAM was extended to incorporate two
external factors: SQ and PI. By applying a structural equation modelling approach analysis,
findings revealed that these two external factors were essential determinants of metaverse
adoption and use. Furthermore, SQ affected students’ behavioural intentions to use
metaverse media through its effect on PEU. Moreover, PI affects students’ intention to use
metaverse technology through its effect on PU. Regarding TAM constructs, PU affected
students’ intentions to use the metaverse. Surprisingly, PEU did not affect effect students’
intention to use metaverse media.

The findings demonstrated that SQ had a significant effect on their intention to utilise
metaverses through PEU. These findings are consistent with those of previous studies
which examined other technologies (Fathema & Sutton, 2013;Man et al., 2020; Park, Nam
& Cha, 2012; Salloum et al., 2019). The findings indicate that all system quality aspects,
such as fixability, ease of accessing information, and the available capacity in systems to

Figure 3 Standardised estimate. Full-size DOI: 10.7717/peerj-cs.2331/fig-3

Alshammari and Alshammari (2024), PeerJ Comput. Sci., DOI 10.7717/peerj-cs.2331 12/22

http://dx.doi.org/10.7717/peerj-cs.2331/fig-3
http://dx.doi.org/10.7717/peerj-cs.2331
https://peerj.com/computer-science/


meet users’ needs and expectations, are essential and contribute to perceiving a metaverse
as easy for using, which then affects their intention to use it.

Furthermore, the findings showed that students’ PI had a significant effect on their
intention to utilise metaverses through their effect on PU. These findings are consistent
with those of previous studies (Akour et al., 2022; Bubou & Job, 2022; Al-Adwan et al.,
2023). These findings indicate that innovative students are eager to perceive a metaverse as
useful, which affects their intention toward using it. This also indicates that students with

Figure 4 Unstandardised estimate. Full-size DOI: 10.7717/peerj-cs.2331/fig-4

Table 5 Results of hypotheses testing.

Estimate S.E. C.R. p Results Hypothesis Decision

PEU <— SQ 0.704 0.155 4.543 *** Significant H5 Supported

PEU <— PI 0.026 0.159 0.166 0.868 Insignificant H7 Rejected

PU <— SQ 0.197 0.117 1.681 0.093 Insignificant H4 Rejected

PU <— PI 0.505 0.120 4.195 *** Significant H6 Supported

PU <— PEU 0.238 0.076 3.149 0.002 Significant H1 Supported

BI <— PEU 0.084 0.071 1.184 0.236 Insignificant H2 Rejected

BI <— PU 0.768 0.106 7.212 *** Significant H3 Supported

Note:
*** p � 0.001.
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higher innovativeness tend to be more likely open to using and trying new technologies.
Therefore, the higher level of students’ PI affected their intention to use metaverse
technology through their perception of it as useful. Moreover, students who have a higher
PI level tend to perceive the metaverse as useful, which enhances their learning. Students
with higher PI are often more capable of gaining benefits from using the metaverse in the
early stages of implementation.

Surprisingly, the direct effect of PEU on BI was insignificant. Furthermore, PEU affects
PU. These results are consistent with those of previous studies (Wang et al., 2022; Yang,
Ren & Gu, 2022). However, these results contradicted the findings of other studies (Akour
et al., 2022; Faqih & Jaradat, 2021). These findings were explained by the study
respondents’ categorisation as Generation Z (Z Gen), i.e., they were born in the period
from 1995 to 2010 (Meet, Kala & Al-Adwan, 2022). Users of this generation are considered
digital natives. These students were born during the digital era and used new technologies
heavily in their daily lives (Larionova et al., 2018). Therefore, most students had
considerable expertise and knowledge in advanced modern technological applications that
use AR and VR equipment. Thus, they may have only a few issues with operating and using
a metaverse. In other words, perceiving a metaverse as easy to use in the digital age does
not necessarily affect students’ intentions toward using it. However, the findings also
revealed that PEU affects PU. This indicates that students who perceive the metaverse as
easy to use tend to find it useful, which assists them in gaining the benefits of metaverse
during their learning.

Finally, PU had a significant effect on intentions to utilise the metaverse. The findings
are consistent with those of various earlier studies (Faqih & Jaradat, 2021; Zhao et al.,
2022; Al-Adwan et al., 2023), but inconsistent with those of others (Yang, Ren & Gu, 2022).
These findings indicate that students are more eager to utilise the metaverse when they
believe that it would be worthy and beneficial for their education and learning. Once
students find using a metaverse useful, they tend to be more willing to use it for their
learning.

CONTRIBUTIONS
Theoretical contributions
This study makes an essential contribution to the existing literature. First, it enhances our
understanding of whether the acceptance and use of metaverse technology are affected by
TAM constructs, among other external factors, namely, SQ and PI. Because these factors
have been examined using certain technologies in some studies, their effects on the
acceptance and utilization of metaverse have not been assessed. Thus, it contributes to
existing literature by assessing the effects of these external factors on the acceptance and
utilization of metaverse. Second, the current study contributes to TAM research by
proposing a robust theoretical model that has high explanatory power (R-Square = 0.76).
Furthermore, it applied a two steps in structural equation modelling approach using
AMOS, which is considered a second-generation analysis technique, and confirmed the
reliability and validity of the TAM in a metaverse context. CFA was conducted to validate
the measurement model in terms of its construct, convergent and discriminant validities,
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while SEM was applied for testing the hypothesis. Finally, this study could be utilized as a
benchmark for similar future exploration in the metaverse context and offer further
implications for higher education.

Practical contributions
The study findings have important implications for practitioners and designers of
metaverses. For instance, considering the effect of incorporating the constructs of SQ and
PI on students’ intention to use metaverses is essential. Because the SQ affected students’
intention to use metaverse, through PEU, designers and practitioners should ensure
improving the system quality of metaverse in regard of making the interface of the
application as easy as possible, more flexible, and easier to access learning information. In
addition, they should ensure the available capacity in systems to meet users’ needs and
expectations. Additionally, PI had a significant effect on intention to utilize metaverse
through their PU. Thus, practitioners should enhance students’ PI by increasing their
motivation toward using and trying new technologies, especially metaverse technologies,
ensuring that they affect their intention to use it more effectively. Furthermore, to increase
the metaverse utilisation, practitioners and designers must provide technical support,
training, and counselling to users. This continuous support can enhance students’ PI
toward trying and using a metaverse on a regular basis.

Moreover, the findings showed that PU affected students’ intentions to use metaverses.
Thus, to increase the PU of metaverse learning, it is essential to explain to students the
benefits of metaverse in enhancing their learning experiences compared to traditional
approaches, such as highlighting the potential of interactive and immersive learning,
learning from various electronic sources, and providing opportunities to interact with
others. Designers and developers of metaverse could affect how students perceive their
learning by considering that using metaverse would be helpful in accomplishing their
learning tasks easily and effectively.

Furthermore, students’ PEU affected their PU in the metaverse. It is essential to ensure
the ease and friendly user of metaverse. If a metaverse is hard to use and navigate, users
might find it useful. Therefore, it is important for designers to design a platform that
provides user-friendly interface with clear tutorials and instructions that explain the
features of the metaverse to make it easier and more accessible. Moreover, more support
and training on how to use the metaverse could effectively ease its use. This can be
achieved by providing videos, tutorials, and online assistance to guide users regarding the
functionalities and features of the metaverse. Additionally, it is essential to optimise
metaverse applications for combination with different electronic devices. While the use of
mobile devices has increased, a need remains to ensure that the metaverse is optimised for
use with multiple devices, for instance tablets and smartphones. This makes it simpler for
students to access information and resources using metaverses.

Limitations and future studies
This study has a few limitations. First, its sample size was limited to students at one
university, namely University of Ha’il in Saudi Arabia. Thus, caution must be exercised
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when attempting to generalise these findings to other contexts. The study is geographically
limited to students from one university, which might limit the generalizability of the
findings. Future research could expand the demographic and geographic diversity of the
sample to enhance the external validity of the study. Additionally, future studies might be
carried out in different contexts for comparing the findings. Second, the current proposed
model of TAM incorporates and examines the effects of two external factors—SQ and PI—
on students’ intention to use metaverses. However, other mediating and moderating
factors, such as age, income, and personality traits, have not been examined. Thus, future
studies must examine additional mediating and moderating factors. Furthermore, this
study used a purely quantitative approach, whereas using a mixed method with a
qualitative approach could enhance and provide a deeper comprehensive of the factors
which might affect the intention toward using a metaverse.

CONCLUSIONS
The study focused on assessing the factors affecting students’ intention to use metaverse.
Thus, this study proposes a theoretical research model based on TAM that incorporates
two additional external factors—SQ and PI. In total, 164 students participated in the study
and responded to a questionnaire. Results showed that SQ affected students’ intention to
utilize metaverse through PEU. Furthermore, students’ PI affected their intention to utilize
metaverses through their PU. Moreover, PU has a significant effect on students’ intentions
to use metaverse. Surprisingly, PEU did not affect their intention to utilize metaverse
media. The current findings enhance our understanding of the critical roles of SQ and PI in
affecting students’ intentions to utilize metaverse technology. These findings could assist
practitioners and designers in enhancing the adoption of metaverses among students by
considering the important role of these factors which affected students’ intention to utilize
metaverses.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding
The authors received no funding for this work.

Competing Interests
The authors declare that they have no competing interests.

Author Contributions
. Sultan Hammad Alshammari conceived and designed the experiments, analyzed the
data, performed the computation work, prepared figures and/or tables, authored or
reviewed drafts of the article, and approved the final draft.

. Mohammed Habib Alshammari performed the experiments, prepared figures and/or
tables, authored or reviewed drafts of the article, and approved the final draft.

Alshammari and Alshammari (2024), PeerJ Comput. Sci., DOI 10.7717/peerj-cs.2331 16/22

http://dx.doi.org/10.7717/peerj-cs.2331
https://peerj.com/computer-science/


Ethics
The following information was supplied relating to ethical approvals (i.e., approving body
and any reference numbers):

Research Ethics Committee (REC) at University of Ha’il, research no: H-2023-412.

Data Availability
The following information was supplied regarding data availability:

The raw data are available in the Supplemental File.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj-cs.2331#supplemental-information.

REFERENCES
Ababkova MY, Pokrovskaia NN, Haj Bara BA. 2023. The metaverse: changing the landscape of

media education. In: International Conference on Professional Culture of the Specialist of the
Future. Cham: Springer Nature Switzerland, 3–18.

Abdul Rahman MF, Umar IN, Abdullah Z. 2020. Personal innovativeness and attitude as
predictors to students’ engagement in a learning management system environment. In: Forum
Komunikasi (FK). Faculty of Communication and Media Studies, Universiti Teknologi MARA,
15(2):1–24.

Aburbeian AM, Owda AY, Owda M. 2022. A technology acceptance model survey of the
metaverse prospects. AI 3(2):285–302 DOI 10.3390/ai3020018.

Afkar E, Hamsal M, Kartono R, Furinto A. 2022. Prediction of perceived consumer experience,
perceived brand engagement, and gamification towards the intention to use metaverse: an
extended TAM approach. In: 2022 6th International Conference on Information Technology,
Information Systems and Electrical Engineering (ICITISEE). Piscataway: IEEE, 239–244.

Agarwal R, Prasad J. 1998. A conceptual and operational definition of personal innovativeness in
the domain of information technology. Information Systems Research 9(2):204–215
DOI 10.1287/isre.9.2.204.

Akour IA, Al-Maroof RS, Alfaisal R, Salloum SA. 2022. A conceptual framework for determining
metaverse adoption in higher institutions of gulf area: an empirical study using hybrid SEM-
ANN approach. Computers and Education: Artificial Intelligence 3(2):100052
DOI 10.1016/j.caeai.2022.100052.

Al-Adwan AS, Li N, Al-Adwan A, Abbasi GA, Albelbisi NA, Habibi A. 2023. Extending the
technology acceptance model (TAM) to Predict University Students’ intentions to use
metaverse-based learning platforms. Education and Information Technologies 28(2):1–33
DOI 10.1007/s10639-023-11816-3.

Al-Qaysi N, Mohamad-Nordin N, Al-Emran M. 2020. Employing the technology acceptance
model in social media: a systematic review. Education and Information Technologies 25(6):4961–
5002 DOI 10.1007/s10639-020-10197-1.

Alkhwaldi AF. 2023. Understanding learners’ intention toward Metaverse in higher education
institutions from a developing country perspective: UTAUT and ISS integrated model.
Kybernetes. Epub ahead of print 18 September 2023 DOI 10.1108/K-03-2023-0459.

Alshammari and Alshammari (2024), PeerJ Comput. Sci., DOI 10.7717/peerj-cs.2331 17/22

http://dx.doi.org/10.7717/peerj-cs.2331#supplemental-information
http://dx.doi.org/10.7717/peerj-cs.2331#supplemental-information
http://dx.doi.org/10.7717/peerj-cs.2331#supplemental-information
http://dx.doi.org/10.3390/ai3020018
http://dx.doi.org/10.1287/isre.9.2.204
http://dx.doi.org/10.1016/j.caeai.2022.100052
http://dx.doi.org/10.1007/s10639-023-11816-3
http://dx.doi.org/10.1007/s10639-020-10197-1
http://dx.doi.org/10.1108/K-03-2023-0459
http://dx.doi.org/10.7717/peerj-cs.2331
https://peerj.com/computer-science/


Alkhwaldi AF. 2024. Investigating the social sustainability of immersive virtual technologies in
higher educational institutions: students’ perceptions toward metaverse technology.
Sustainability 16(2):934 DOI 10.3390/su16020934.

Almarzouqi A, Aburayya A, Salloum SA. 2022. Prediction of user’s intention to use metaverse
system in medical education: a hybrid SEM-ML learning approach. IEEE Access 10(5):43421–
43434 DOI 10.1109/ACCESS.2022.3169285.

Amid A, Din R. 2021. Acceptance and use of massive open online courses: extending UTAUT2
with personal innovativeness. Journal of Personalized Learning 4(1):57–66
DOI 10.6007/IJARPED/v9-i2/7840.

Anderson M. 2023. VR in education: aims, use cases, and success stories Itransition. Available at
https://www.itransition.com/blog/vr-in-education (accessed 8 May 2023).

Awang P. 2015. SEM made simple: a gentle approach to learning structural equation modeling.
Bangi: MPWS Rich Publication.

Bibri SE, Allam Z. 2022. The Metaverse as a virtual form of data-driven smart cities: the ethics of
the hyper-connectivity, datafication, algorithmization, and platformization of urban society.
Computational Urban Science 2(1):22 DOI 10.1007/s43762-022-00050-1.

Bojic L. 2022. Metaverse through the prism of power and addiction: what will happen when the
virtual world becomes more attractive than reality? European Journal of Futures Research
10(1):1–24 DOI 10.1186/s40309-022-00208-4.

Boomsma A. 1982. The robustness of LISREL against small sample sizes in factor analysis models.
In: Jöreskog KG, Wold H, eds. Systems Under Indirect Observation: Causality, Structure,
Prediction (Part 1). Amsterdam: North-Holland, 149–173.

Bubou GM, Job GC. 2022. Individual innovativeness, self-efficacy and e-learning readiness of
students of Yenagoa study centre, National Open University of Nigeria. Journal of Research in
Innovative Teaching & Learning 15(1):2–22 DOI 10.1108/JRIT-12-2019-0079.

Chen Z. 2022. Exploring the application scenarios and issues facing Metaverse technology in
education. Interactive Learning Environments 1–13 DOI 10.1080/10494820.2022.2133148.

Cheng Y-M. 2014. Exploring the intention to use mobile learning: the moderating role of personal
innovativeness. Journal of Systems and Information Technology 16(1):40–61
DOI 10.1108/JSIT-05-2013-0012.

Cheng R, Wu N, Chen S, Han B. 2022.Will metaverse be nextg internet? Vision, hype, and reality.
IEEE Network 36(5):197–204 DOI 10.1109/MNET.117.2200055.

Cohen J. 1988. Statistical power analysis for the behavioral sciences. Hillsdale, NJ: Law-Rence
Erlbaum Associates. Inc., Publishers.

Davis FD. 1989. Perceived usefulness, perceived ease of use, and user acceptance of information
technology. MIS Quarterly 13(3):319–340 DOI 10.2307/249008.

DeLoneWH,McLean ER. 2003. The DeLone andMcLean model of information systems success: a
ten-year update. Journal of Management Information Systems 19(4):9–30
DOI 10.1080/07421222.2003.11045748.

Du H, Ma B, Niyato D, Kang J, Xiong Z, Yang Z. 2023. Rethinking quality of experience for
metaverse services: a consumer-based economics perspective. IEEE Network 37(6):255–263
DOI 10.1109/MNET.131.2200503.

Dwivedi YK, Hughes L, Baabdullah AM, Ribeiro-Navarrete S, Giannakis M, Al-Debei MM,
Dennehy D, Metri B, Buhalis D, Cheung CM, Conboy K, Doyle R, Dubey R, Dutot V, Felix
R, Goyal DP, Gustafsson A, Hinsch C, Wamba SF. 2022. Metaverse beyond the hype:
multidisciplinary perspectives on emerging challenges, opportunities, and agenda for research,

Alshammari and Alshammari (2024), PeerJ Comput. Sci., DOI 10.7717/peerj-cs.2331 18/22

http://dx.doi.org/10.3390/su16020934
http://dx.doi.org/10.1109/ACCESS.2022.3169285
http://dx.doi.org/10.6007/IJARPED/v9-i2/7840
https://www.itransition.com/blog/vr-in-education
http://dx.doi.org/10.1007/s43762-022-00050-1
http://dx.doi.org/10.1186/s40309-022-00208-4
http://dx.doi.org/10.1108/JRIT-12-2019-0079
http://dx.doi.org/10.1080/10494820.2022.2133148
http://dx.doi.org/10.1108/JSIT-05-2013-0012
http://dx.doi.org/10.1109/MNET.117.2200055
http://dx.doi.org/10.2307/249008
http://dx.doi.org/10.1080/07421222.2003.11045748
http://dx.doi.org/10.1109/MNET.131.2200503
http://dx.doi.org/10.7717/peerj-cs.2331
https://peerj.com/computer-science/


practice and policy. International Journal of Information Management 66:102542
DOI 10.1016/j.ijinfomgt.2022.102542.

Erturk E, Reynolds GB. 2020. The expanding role of immersive media in education. In:
International Conference on E-Learning. 191–194.

Fabrigar LR, Wegener DT, MacCallum RC, Strahan EJ. 1999. Evaluating the use of exploratory
factor analysis in psychological research. Psychological Methods 4(3):272
DOI 10.1037/1082-989X.4.3.272.

Fagan M, Kilmon C, Pandey V. 2012. Exploring the adoption of a virtual reality simulation: the
role of perceived ease of use, perceived usefulness and personal innovativeness. Campus-Wide
Information Systems 29(2):117–127 DOI 10.1108/10650741211212368.

Fan Y, Chen J, Shirkey G, John R, Wu SR, Park H, Shao C. 2016. Applications of structural
equation modeling (SEM) in ecological studies: an updated review. Ecological Processes 5(1):1–
12 DOI 10.1186/s13717-016-0063-3.

Faqih KM, Jaradat MIRM. 2021. Integrating TTF and UTAUT2 theories to investigate the
adoption of augmented reality technology in education: perspective from a developing country.
Technology in Society 67(2):101787 DOI 10.1016/j.techsoc.2021.101787.

Fathema N, Sutton KL. 2013. Factors influencing faculty members’ learning management systems
adoption behavior: an analysis using the technology acceptance model. International Journal of
Trends in Economics Management & Technology (IJTEMT) 2(6):20–28
DOI 10.69478/JITC2024v6n2a01.

Gable GG, Sedera D, Chan T. 2008. Re-conceptualizing information system success: the IS-impact
measurement model. Journal of the Association for Information Systems 9(7):18
DOI 10.17705/1jais.00164.

Guo H, Gao W. 2022. Metaverse-powered experiential situational English-teaching design: an
emotion-based analysis method. Frontiers in Psychology 13:859159
DOI 10.3389/fpsyg.2022.859159.

Gupta KP. 2021. Understanding learners’ completion intention of massive open online courses
(MOOCs): role of personality traits and personal innovativeness. International Journal of
Educational Management 35(4):848–865 DOI 10.1108/IJEM-01-2020-0042.

Hair JF, Sarstedt M, Ringle CM, Mena JA. 2012. An assessment of the use of partial least squares
structural equation modeling in marketing research. Journal of the Academy of Marketing
Science 40(3):414–433 DOI 10.1007/s11747-011-0261-6.

Hawash B, Mokhtar UA, Yusof ZM. 2021. Users’ acceptance of an electronic record management
system in the context of the oil and gas sector in Yemen: an application of ISSM-TAM.
International Journal of Management and Enterprise Development 20(1):75–98
DOI 10.1504/IJMED.2021.113661.

Hwang GJ, Chien SY. 2022. Definition, roles, and potential research issues of the metaverse in
education: an artificial intelligence perspective. Computers and Education: Artificial Intelligence
3(3):100082 DOI 10.1016/j.caeai.2022.100082.

İbili E, Ölmez M, Cihan A, Bilal F, İbili AB, Okumus N, Billinghurst M. 2023. Investigation of
learners’ behavioral intentions to use metaverse learning environment in higher education: a
virtual computer laboratory. Interactive Learning Environments. Epub ahead of print 2 August
2023 DOI 10.1080/10494820.2023.2240860.

Jeong SH, Kim HK. 2023. Effect of trust in metaverse on usage intention through technology
readiness and technology acceptance model. Tehnički vjesnik 30(3):837–845
DOI 10.17559/TV-20221111061245.

Alshammari and Alshammari (2024), PeerJ Comput. Sci., DOI 10.7717/peerj-cs.2331 19/22

http://dx.doi.org/10.1016/j.ijinfomgt.2022.102542
http://dx.doi.org/10.1037/1082-989X.4.3.272
http://dx.doi.org/10.1108/10650741211212368
http://dx.doi.org/10.1186/s13717-016-0063-3
http://dx.doi.org/10.1016/j.techsoc.2021.101787
http://dx.doi.org/10.69478/JITC2024v6n2a01
http://dx.doi.org/10.17705/1jais.00164
http://dx.doi.org/10.3389/fpsyg.2022.859159
http://dx.doi.org/10.1108/IJEM-01-2020-0042
http://dx.doi.org/10.1007/s11747-011-0261-6
http://dx.doi.org/10.1504/IJMED.2021.113661
http://dx.doi.org/10.1016/j.caeai.2022.100082
http://dx.doi.org/10.1080/10494820.2023.2240860
http://dx.doi.org/10.17559/TV-20221111061245
http://dx.doi.org/10.7717/peerj-cs.2331
https://peerj.com/computer-science/


Jovanović A, Milosavljević A. 2022. VoRtex Metaverse platform for gamified collaborative
learning. Electronics 11(3):317 DOI 10.3390/electronics11030317.

Larionova V, Brown K, Bystrova T, Sinitsyn E. 2018. Russian perspectives of online learning
technologies in higher education: an empirical study of a MOOC. Research in Comparative and
International Education 13(1):70–91 DOI 10.1177/1745499918763420.

Lee HJ, Gu HH. 2022. Empirical research on the metaverse user experience of digital natives.
Sustainability 14(22):14747 DOI 10.3390/su142214747.

Lee H, Hwang Y. 2022. Technology-enhanced education through VR-making and metaverse-
linking to foster teacher readiness and sustainable learning. Sustainability 14(8):4786
DOI 10.3390/su14084786.

Lee UK, Kim H. 2022. UTAUT in Metaverse: an “Ifland” case. Journal of Theoretical and Applied
Electronic Commerce Research 17(2):613–635 DOI 10.3390/jtaer17020032.

Maghaydah S, Al-Emran M, Maheshwari P, Al-Sharafi MA. 2024. Factors affecting metaverse
adoption in education: a systematic review, adoption framework, and future research agenda.
Heliyon 10(7):e28602 DOI 10.1016/j.heliyon.2024.e28602.

Mahat J, Ayub AFM, Luan S. 2012. An assessment of students’mobile self-efficacy, readiness and
personal innovativeness towards mobile learning in higher education in Malaysia. Procedia-
Social and Behavioral Sciences 64:284–290 DOI 10.1016/j.sbspro.2012.11.033.

Man SS, Xiong W, Chang F, Chan AHS. 2020. Critical factors influencing acceptance of
automated vehicles by Hong Kong drivers. IEEE Access 8:109845–109856
DOI 10.1109/ACCESS.2020.3001929.

Mascret N, Montagne G, Devrièse-Sence A, Vu A, Kulpa R. 2022. Acceptance by athletes of a
virtual reality head-mounted display intended to enhance sport performance. Psychology of
Sport and Exercise 61(12):102201 DOI 10.1016/j.psychsport.2022.102201.

Meet RK, Kala D, Al-Adwan AS. 2022. Exploring factors affecting the adoption of MOOC in
Generation Z using extended UTAUT2 model. Education and Information Technologies
27(7):10261–10283 DOI 10.1007/s10639-022-11052-1.

Mustafa B. 2022. Analyzing education based on metaverse technology. Technium Social Sciences
Journal 32:278 DOI 10.47577/tssj.v32i1.6742.

Narin NG. 2021. A content analysis of the metaverse articles. Journal of Metaverse 1(1):17–24.

Ng DTK. 2022. What is the metaverse? Definitions, technologies and the community of inquiry.
Australasian Journal of Educational Technology 38(4):190–205 DOI 10.14742/ajet.7945.

Ni A, Cheung A. 2023. Understanding secondary students’ continuance intention to adopt AI-
powered intelligent tutoring system for English learning. Education and Information
Technologies 28(3):3191–3216 DOI 10.1007/s10639-022-11305-z.

Ning H, Wang H, Lin Y, Wang W, Dhelim S, Farha F, Ding J, Daneshmand M. 2023. A survey
on the metaverse: the state-of-the-art, technologies, applications, and challenges. IEEE Internet
of Things Journal 10(16):14671–14688 DOI 10.1109/JIOT.2023.3278329.

Oh HJ, Kim J, Chang JJ, Park N, Lee S. 2023. Social benefits of living in the metaverse: the
relationships among social presence, supportive interaction, social self-efficacy, and feelings of
loneliness. Computers in Human Behavior 139(6):107498 DOI 10.1016/j.chb.2022.107498.

Ortega-Rodríguez PJ. 2022. De la realidad extendida al metaverso: una reflexión crítica sobre las
aportaciones a la educación= from extended reality to the metaverse: a critical reflection on
contributions to education. Teoría de la Educación: Revista Interuniversitaria 34(2):189–208
DOI 10.14201/teri.27864.

Alshammari and Alshammari (2024), PeerJ Comput. Sci., DOI 10.7717/peerj-cs.2331 20/22

http://dx.doi.org/10.3390/electronics11030317
http://dx.doi.org/10.1177/1745499918763420
http://dx.doi.org/10.3390/su142214747
http://dx.doi.org/10.3390/su14084786
http://dx.doi.org/10.3390/jtaer17020032
http://dx.doi.org/10.1016/j.heliyon.2024.e28602
http://dx.doi.org/10.1016/j.sbspro.2012.11.033
http://dx.doi.org/10.1109/ACCESS.2020.3001929
http://dx.doi.org/10.1016/j.psychsport.2022.102201
http://dx.doi.org/10.1007/s10639-022-11052-1
http://dx.doi.org/10.47577/tssj.v32i1.6742
http://dx.doi.org/10.14742/ajet.7945
http://dx.doi.org/10.1007/s10639-022-11305-z
http://dx.doi.org/10.1109/JIOT.2023.3278329
http://dx.doi.org/10.1016/j.chb.2022.107498
http://dx.doi.org/10.14201/teri.27864
http://dx.doi.org/10.7717/peerj-cs.2331
https://peerj.com/computer-science/


Palinkas LA, Horwitz SM, Green CA, Wisdom JP, Duan N, Hoagwood K. 2015. Purposeful
sampling for qualitative data collection and analysis in mixed method implementation research.
Administration and Policy in Mental Health and Mental Health Services Research 42(5):533–544
DOI 10.1007/s10488-013-0528-y.

Pan S, Jung S, Suo S. 2023. Understanding the adoption and usage behaviors of popular and
emerging metaverse platforms: a study based on the extended technology acceptance model.
Journal of Broadcasting & Electronic Media 67(4):1–22 DOI 10.1080/08838151.2023.2224477.

Park SY, Nam MW, Cha SB. 2012. University students’ behavioral intention to use mobile
learning: evaluating the technology acceptance model. British Journal of Educational Technology
43(4):592–605 DOI 10.1111/j.1467-8535.2011.01229.x.

Petter S, DeLone W, McLean E. 2008. Measuring information systems success: models,
dimensions, measures, and interrelationships. European Journal of Information Systems
17(3):236–263 DOI 10.1057/ejis.2008.15.

Pham L, Limbu YB, Bui TK, Nguyen HT, Pham HT. 2019. Does e-learning service quality
influence e-learning student satisfaction and loyalty? Evidence from Vietnam. International
Journal of Educational Technology in Higher Education 16(1):1–26
DOI 10.1186/s41239-019-0136-3.

Prasetyo YT, Ong AKS, Concepcion GKF, Navata FMB, Robles RAV, Tomagos IJT, Young
MN, Diaz JFT, Nadlifatin R, Redi AANP. 2021.Determining factors Affecting acceptance of e-
learning platforms during the COVID-19 pandemic: integrating Extended technology
Acceptance model and DeLone & Mclean is success model. Sustainability 13(15):8365
DOI 10.3390/su13158365.

Rafique H, Almagrabi AO, Shamim A, Anwar F, Bashir AK. 2020. Investigating the acceptance
of mobile library applications with an extended technology acceptance model (TAM).
Computers & Education 145(2):103732 DOI 10.1016/j.compedu.2019.103732.

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 DOI 10.3389/fpsyg.2022.1049972.

Salloum S, Al Marzouqi A, Alderbashi KY, Shwedeh F, Aburayya A, Al Saidat MR, Al-Maroof
RS. 2023. Sustainability model for the continuous intention to use metaverse technology in
higher education: a case study from Oman. Sustainability 15(6):5257 DOI 10.3390/su15065257.

Salloum SA, Alhamad AQM, Al-Emran M, Monem AA, Shaalan K. 2019. Exploring students’
acceptance of e-learning through the development of a comprehensive technology acceptance
model. IEEE Access 7:128445–128462 DOI 10.1109/ACCESS.2019.2939467.

Sánchez-Prieto JC, Olmos-Migueláñez S, García-Peñalvo FJ. 2017. MLearning and pre-service
teachers: an assessment of the behavioral intention using an expanded TAM model. Computers
in Human Behavior 72(2):644–654 DOI 10.1016/j.chb.2016.09.061.

Shaw N, Sergueeva K. 2019. The non-monetary benefits of mobile commerce: extending UTAUT2
with perceived value. International Journal of Information Management 45(2):44–55
DOI 10.1016/j.ijinfomgt.2018.10.024.

Simarmata MT, Hia IJ. 2020. The role of personal innovativeness on behavioral intention of
Information Technology. Journal of Economic and Business 1(2):18–29
DOI 10.36655/jeb.v1i2.169.

Skalidis I, Muller O, Fournier S. 2022. CardioVerse: the cardiovascular medicine in the era of
Metaverse. Trends in Cardiovascular Medicine 33(8):471–476 DOI 10.1016/j.tcm.2022.05.004.

Alshammari and Alshammari (2024), PeerJ Comput. Sci., DOI 10.7717/peerj-cs.2331 21/22

http://dx.doi.org/10.1007/s10488-013-0528-y
http://dx.doi.org/10.1080/08838151.2023.2224477
http://dx.doi.org/10.1111/j.1467-8535.2011.01229.x
http://dx.doi.org/10.1057/ejis.2008.15
http://dx.doi.org/10.1186/s41239-019-0136-3
http://dx.doi.org/10.3390/su13158365
http://dx.doi.org/10.1016/j.compedu.2019.103732
http://dx.doi.org/10.3389/fpsyg.2022.1049972
http://dx.doi.org/10.3390/su15065257
http://dx.doi.org/10.1109/ACCESS.2019.2939467
http://dx.doi.org/10.1016/j.chb.2016.09.061
http://dx.doi.org/10.1016/j.ijinfomgt.2018.10.024
http://dx.doi.org/10.36655/jeb.v1i2.169
http://dx.doi.org/10.1016/j.tcm.2022.05.004
http://dx.doi.org/10.7717/peerj-cs.2331
https://peerj.com/computer-science/


Suh W, Ahn S. 2022. Utilizing the metaverse for learner-centered constructivist education in the
post-pandemic era: an analysis of elementary school students. Journal of Intelligence 10(1):17
DOI 10.3390/jintelligence10010017.

Teng Z, Cai Y, Gao Y, Zhang X, Li X. 2022. Factors affecting learners’ adoption of an educational
metaverse platform: an empirical study based on an extended UTAUT model. Mobile
Information Systems 2022(4):1–15 DOI 10.1155/2022/5479215.

Tlili A, Huang R, Kinshuk X. 2023. Metaverse for climbing the ladder toward ‘Industry 5.0’ and
‘Society 5.0’? The Service Industries Journal 43(3–4):260–287
DOI 10.1080/02642069.2023.2178644.

van der Heijden H. 2004. User acceptance of hedonic information systems. MIS Quarterly
28(4):695–704 DOI 10.2307/25148660.

Venkatesh V, Morris MG, Davis GB, Davis FD. 2003.User acceptance of information technology:
toward a unified view. MIS Quarterly 27(3):425–478 DOI 10.2307/30036540.

Wang G, Badal A, Jia X, Maltz JS, Mueller K, Myers KJ, Niu C, Vannier M, Yan P, Yu Z, Zeng R.
2022. Development of metaverse for intelligent healthcare. Nature Machine Intelligence
4(11):922–929 DOI 10.1038/s42256-022-00549-6.

Wang G, Shin C. 2022. Influencing factors of usage intention of metaverse education application
platform: empirical evidence based on PPM and TAM models. Sustainability 14(24):17037
DOI 10.3390/su142417037.

Wang H, Ning H, Lin Y, Wang W, Dhelim S, Farha F, Daneshmand M. 2023. A survey on the
metaverse: the state-of-the-art, technologies, applications, and challenges. IEEE Internet of
Things Journal 10(16):14671–14688 DOI 10.1109/JIOT.2023.3278329.

Wu R, Yu Z. 2023. The influence of social isolation, technostress, and personality on the
acceptance of online meeting platforms during the COVID-19 Pandemic. International Journal
of Human-Computer Interaction 39(17):3388–3405 DOI 10.1080/10447318.2022.2097779.

Yang F, Ren L, Gu C. 2022. A study of college students’ intention to use metaverse technology for
basketball learning based on UTAUT2. Heliyon 8(9):e10562
DOI 10.1016/j.heliyon.2022.e10562.

Yi MY, Fiedler KD, Park JS. 2006. Understanding the role of individual innovativeness in the
acceptance of IT-based innovations: comparative analyses of models and measures. Decision
Sciences 37(3):393–426 DOI 10.1111/j.1540-5414.2006.00132.x.

Zhao Y, Jiang J, Chen Y, Liu R, Yang Y, Xue X, Chen S. 2022. Metaverse: perspectives from
graphics, interactions and visualization. Visual Informatics 6(1):56–67
DOI 10.1016/j.visinf.2022.03.002.

Alshammari and Alshammari (2024), PeerJ Comput. Sci., DOI 10.7717/peerj-cs.2331 22/22

http://dx.doi.org/10.3390/jintelligence10010017
http://dx.doi.org/10.1155/2022/5479215
http://dx.doi.org/10.1080/02642069.2023.2178644
http://dx.doi.org/10.2307/25148660
http://dx.doi.org/10.2307/30036540
http://dx.doi.org/10.1038/s42256-022-00549-6
http://dx.doi.org/10.3390/su142417037
http://dx.doi.org/10.1109/JIOT.2023.3278329
http://dx.doi.org/10.1080/10447318.2022.2097779
http://dx.doi.org/10.1016/j.heliyon.2022.e10562
http://dx.doi.org/10.1111/j.1540-5414.2006.00132.x
http://dx.doi.org/10.1016/j.visinf.2022.03.002
http://dx.doi.org/10.7717/peerj-cs.2331
https://peerj.com/computer-science/

	Modelling the effects of perceived system quality and personal innovativeness on the intention to use metaverse: a structural equation modelling approach ...
	Introduction
	Literature review
	Research hypotheses
	Methodology
	Results
	Discussion
	Contributions
	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


