g sustainability

Article

Investigating the Social Sustainability of Immersive Virtual
Technologies in Higher Educational Institutions: Students’
Perceptions toward Metaverse Technology

Abeer F. Alkhwaldi

check for
updates

Citation: Alkhwaldi, A.F.
Investigating the Social Sustainability
of Immersive Virtual Technologies in
Higher Educational Institutions:
Students’ Perceptions toward
Metaverse Technology. Sustainability
2024, 16, 934. https://doi.org/
10.3390/5u16020934

Academic Editors: Tarah Wright and
Hao-Chiang Koong Lin

Received: 13 October 2023
Revised: 25 December 2023
Accepted: 12 January 2024
Published: 22 January 2024

Copyright: © 2024 by the author.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Department of Management Information Systems, College of Business, Mutah University, Karak 61710, Jordan;
abeerkh@mutah.edu.jo

Abstract: The Metaverse technology (MVTECH) is an immersive virtual sphere where people
interact with each other via avatars. The MVTECH promised to provide a number of potentials
for various sectors including higher education. Despite the fact that MVTECH promotes virtual
social interaction between people (e.g., university students), there is a lack of knowledge on what
affects users’ perceptions regarding its social sustainability in HEISs, specifically in developing nations.
Therefore, this research paper aims to determine the variables that affect the learners’ perceptions
toward social sustainability (SS) of MVTECH in higher educational institutions (HEIs) in Jordan. A
study model was formulated by integrating the core factors of the “unified theory of acceptance and
use of technology” (UTAUT) (“performance expectancy, PE; effort expectancy, EE; social influence, SI;
and facilitating conditions, FC”) with “perceived curiosity” (PC) and “extraversion” (EXT) factors.
Both PC and EXT were included as context-related variables that may possibly contribute to enhancing
the applicability of UTAUT to a wide range of information technologies and settings. Data were
collected from 422 students enrolled in Jordanian universities based on an online survey. The analysis
of the “structural equation modeling” (SEM) found that students’ perceptions toward Metaverse were
significantly influenced by PE, FC, and EXT. Furthermore, the PC construct significantly affected the
EE construct. However, EE and SI were revealed to have no significant impact on SS. Drawing from
these results, the study makes a number of theoretical advances and clarifies a number of practical
implications for those involved in the development, design, and decision-making processes that
support the use of the Metaverse in HEIs.
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1. Introduction

The next stage of social interactions has been identified as the Metaverse technology
(MVTECH). It alludes to a created universe where individuals can “live” in accordance
with the guidelines established by the creator [1-3]. The phrase “metaverse” was initially
coined by Stephenson in 1992 to describe 3D virtual environments that were described
by a science fiction work [4]. The emergence of the MVTECH facilitates regular human
interactions and connections. Thus, the MVTECH can be thought of as a virtual sphere that
enriches physical space and reality [1]. The MVTECH could be completely virtual or merely
partially so. For example, it may be an entirely virtual setting like a “virtual reality” (VR)
system or merely partially virtual, like the use of “augmented reality” (AR) in real-world
settings [5,6]. People can interact socially in the MVTECH by playing games, debating
a topic, working on a project together, and learning from their experience or resolving
problems [7]. The MVTECH can be described as “a virtual world where our digital avatars
and those of people in our communities and around the globe come together to work, shop,
attend classes, pursue hobbies, enjoy social gatherings, and more” [8]. In addition, just like
the real world, MVTECH could experience a wide range of actions and events, including
political events, natural disasters, and financial activities.
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The long-term effects of the COVID-19 crisis have led to a “non-face-to-face” shift in
international culture. People all across the world have witnessed how digital technologies
have made cultural diffusion feasible in order to overcome the constraints of geograph-
ical location and time [9-15]. It is claimed that the health pandemic (i.e., coronavirus)
accelerated the shift to the digital era [16-18], which delivers solutions independent of the
physical environment and other considerations [19]. Considering this, the COVID-19 crisis
has caused the Metaverse to be given a role, such as bringing about digital transformation
in all sectors that entails physical practices (e.g., shopping, banking, learning, teaching, etc.).
It is also mentioned that in virtual environments (e.g., MVTECH), there is a potential
to eliminate concepts like gender, race, and physical disability (i.e., such virtual settings
can be deemed as an equalizer) [20]. Furthermore, organizations and people’s interest
in virtual platforms surged owing to the COVID-19 pandemic. In this aspect, the crisis
has prompted many HEIs to swiftly migrate from physical classroom teaching (in-person)
to distance learning (online classes) [21]. Based on what universities have encountered,
three-dimensional (3D) immersive spatial settings fueled by MVTECH can solve challenges
with 2D online learning (e.g., Moodle and Blackboard) [6]. Many countries now use the
Metaverse in educational contexts; this innovative technology has become a reality and
demonstrated improved performance in terms of web-based learning [22].

Considering “The Metaverse and its Potential for MENA” report (2023), the “Middle
East and North Africa” (MENA) region is “on a journey of economic transformation and
digitalization”, with regional industries and governmental organizations “showing an
appetite” for innovative immersive technologies [23]. According to a statement from Meta,
“formerly the Facebook company”, various applications and business use cases in the area
are starting to emerge, illustrating how customers may utilize MVTECH to join virtual
concerts, acquire virtual assets, or access educational and training environments [24]. By
2035, if these plans come to fruition in full, Saudi Arabia’s economy might gain between
USD 20 and 38.1 billion in additional GDP annually. In comparison, the benefits in the UAE
might total USD 8.8-16.7 billion, in Egypt USD 11.6-22 billion, in Morocco USD 2.6-5 billion,
and in Jordan USD 0.9-1.7 billion annually [23]. From an educational perspective, with the
help of Microsoft and Meta, the HEIs were introduced to the world of artificial intelligence
in virtual education, which will enable universities to shape the future of higher education
without boundaries. This new virtual world is based on virtual technologies that operate
within VR, AR, or mixed XR, as well as the education and communication platforms they
launched. These solutions alleviate the issues associated with 2D e-learning platforms by
enabling multimodal MVTECH interactions with virtual worlds and digital avatars [6].
For instance, in Jordan, Amman Arab University and LivaatVerse, the first Arab MVTECH
platform, recently signed an agreement to develop the university with an integrated
Digital Twin that is built on MVTECH and situated within LivaatVerse. This will mark the
university’s official entry into the Metaverse [25]. Also, at Prince Sumaya University for
Technology (PSUT), the eLearning Centre developed an experimental course to examine
the characteristics and immersive experiences of the MVTECH utilizing the Workrooms
app in the Meta Quest VR tools [26].

According to academics, the MVTECH has the potential to be utilized in education
in different contexts, such as medical, healthcare education, social sciences, economics,
cultural education, science education, training for military service, industrial training,
and learning a foreign language [6,27,28]. Many countries now use this technology in
educational contexts, and it has been demonstrated that it improves the performance of
e-learning [6,29]. With the support of MVTECH, learners can even practice in circumstances
that they are unable to experience in real life. For example, most people may not have the
opportunity to work in management positions or earn flight experience. Yet, if the creator
intends to afford individuals an experience or an opportunity to learn, then this would take
place in the realm of metaphysics. MVTECH introduces a safe and well-organized setting
for educational purposes; through such virtual technology, users can carry on to learn
and broaden their experiential learning alternatives [10,30,31]. Immersive technologies like
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virtual reality (VR) and augmented reality (AR) have the potential to significantly transform
the learning landscape in higher education. A fundamental advantage of VR and AR lies in
their capacity to offer students immersive and interactive learning encounters [32]. These
technologies have the capability to generate life-like simulations mimicking real-world
situations, enabling students to practice various skills and learn from errors within a safe
and controlled setting [33]. For instance, medical students can simulate surgical procedures,
while engineering students can troubleshoot machinery without facing any actual risks
of harm.

Beyond delivering distinct learning experiences, immersive technologies have the
capability to customize teaching methods. They can monitor individual student progress
and adapt the complexity level or offer tailored feedback based on each student’s specific
requirements [32,34]. This personalized approach to learning aids in enhancing students’
comprehension of the subject matter, leading to improved learning outcomes. In develop-
ing countries, Jordan in particular, education technologies have attracted a large amount
of attention recently as a fundamental learning/teaching style to boost flexibility and
convenience, student involvement, collaboration and interaction, learning outcomes, as
well as better accessibility to education [21,35]. However, there is a scarcity of empirical
studies, particularly in developing nations like Jordan, on the variables affecting the ac-
ceptance/usage of immersive technologies (such as MVTECH) in HEIs. Due to the lack
of sufficient empirical data on its use, immersive technologies are not widely adopted
by organizations and/or individuals in developing nations [36]. Thus, the aim of this
study is to bridge the gaps in the earlier studies regarding the adoption of MVTECH in
Jordanian universities.

The notion of sustainable development comprises three pillars: the social, environ-
mental, and economic dimensions of business development [37]. Social sustainability (SS)
refers to “the practice of creating a diverse and equitable society that successfully meets the
basic social needs of citizens” [38]. “Social sustainability” could also describe a range of
social issues, including health equality, human rights, living standards, worker rights, the
development of communities, cultural competency, social equity, social assistance, and re-
sponsibility for society [1,25]. In this research paper, the “social sustainability” of Metaverse
technology could be defined as the level to which this practice is addressed by this innova-
tive technology (MVTECH). The application of state-of-the-art communication technologies
could contribute significantly to social sustainability via effective user engagement [39].
Despite the growing interest in the idea of the Metaverse both from academic and business
perspectives, there is limited evidence on the factors influencing its social use [22,40,41].
Human-—computer interaction (HCI) could be significantly influenced by different factors,
including social, economic, and psychological factors. Amongst these factors, personality
traits significantly influence how humans behave in web-based settings [42]. Based on the
reviewed literature and to the best of the author’s knowledge, few studies addressed the
effect of personality traits on the SS of adopting immersive technologies (e.g., MVTECH)
(e.g., Ref. [1]). In addition, research work has focused on formulating integrated theoretical
models as an endeavor to understand human behavior in web-based contexts due to the
complexity of predicting human behavior [43,44]. Therefore, this research investigates the
effect of the personality trait that has received the most attention in the IT/IS acceptance
and use studies (i.e., extraversion), the key factors of the “Unified Theory of Acceptance
and Use of Technology” (UTAUT), and a contextual factor (i.e., perceived curiosity) on the
social sustainability of using MVTECH in an educational context.

To understand users’ IT/IS acceptance behavior at an individual level, previous
researchers developed several theoretical models. Venkatesh et al. (2003) [44] reviewed,
compared, and synthesized eight of these theories and models in a more comprehensive
theory which is the UTAUT. The UTAUT is deemed one of the most well developed
and effective models of technological adoption [45]. Consequently, this research aims to
investigate variables that influence learners” acceptance of MVTECH using an extended
UTAUT model. With data from a sample of 422 Jordanian participants, a survey was
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carried out to achieve the aim of the current research paper. Utilizing “structural equation
modeling” (SEM), the structural relationships between each of the constructs on the UTAUT
and the acceptance of MVTECH for social sustainability purposes were verified. The study
also considered the role of extraversion and perceived curiosity in explaining the social
sustainability of the MVTECH platforms.

The remainder of this article is structured as follows. Section 2 provides the theoretical
background and hypotheses development. Section 3 illustrates the research methodology,
the development of the study instrument, the data collection process, and the procedure
applied to conduct this study. Section 4 shows the statistical findings. Section 5 provides
the conclusions and implications of this study, along with limitations and recommendations
for future research work.

2. Literature Review
2.1. Educational Activities in the Metaverse: A Glimpse into the Future of Higher Education

The Metaverse, an emerging virtual realm with immersive and interactive features, has
great potential to revolutionize education in higher education institutions (HEIs). While still
in its nascent stages, different educational activities are already being examined and put into
practice, demonstrating the potential for captivating and successful learning experiences.
Many academic scholars introduced some prominent examples of such educational activi-
ties, classified according to their learning focus [46—49]. These include (1) simulations and
virtual laboratories in which the Metaverse provided learners with the opportunity to par-
ticipate in virtual environments for scientific research, historical recreations, architectural
designs, and several other activities. Virtual laboratories offer a secure and hazard-free set-
ting for practical learning. (2) Interactive learning modules which involve the development
of interactive modules for the learning of intricate disciplines such as physics, mathematics,
history, and languages. These courses frequently used gamification aspects to enhance the
engagement of the learning process. (3) Virtual field trips allow learners to explore historical
locations, museums, landmarks, and global destinations through immersive experiences,
all from the comfort of their classroom. (4) Group collaborations and projects in which
Metaverse enabled the cooperation of students from various regions to engage in collective
group tasks, such as coursework, presentations, or artistic efforts, within a shared virtual
environment. (5) Individualized learning paths tailored /customized learning experiences
designed according to individual advancement and interests. Personalized courses and
adaptable educational paths might be developed within the Metaverse to accommodate the
individual requirements of each learner. (6) Training and skill development in which the
application of Metaverse technology extended to vocational training, improvement of skills,
and immersive professional simulations in diverse sectors such as healthcare, aviation, and
hospitality. (7) Role playing and scenario-based learning involve the creation of circum-
stances in which learners can take on various roles, such as historical figures, scientists,
engineers, or professionals. This enables them to gain practical experience in real-world
situations and develop their problem-solving skills. (8) Experiential learning which could
help in promoting experiential learning through the immersion of learners in real-world
scenarios that improve their comprehension and utilization of theoretical knowledge.

It is vital to acknowledge that the Metaverse in higher education is still evolving, and
ongoing investigations and research are essential to understanding its value and academic
implications. However, the examples offered introduce a glimpse into the transformative
potential this state-of-the-art technology holds for the future of learning in HEIs.

2.2. Metaverse Technology and Pedagogical Frameworks in the HEIs

Metaverse technology is incorporated into higher education institutions (HEIs) through
various pedagogical and educational frameworks to improve learning experiences. Al-
though the specific frameworks employed may differ, many academic researchers high-
lighted the following as some frameworks and theories that have been contemplated
or implemented [50-58]:
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(1) Constructivism: This approach highlights the learner’s proactive involvement in
knowledge construction through first-hand experiences. Within the Metaverse, educa-
tors have the ability to generate immersive settings where students actively participate
in creating their comprehension by engaging with the digital realm and working on
projects or simulations.

(2) Experiential Learning: Based on the theories of John Dewey and David Kolb, experi-
ential learning emphasizes the acquisition of knowledge through direct encounters
and subsequent reflection. The Metaverse provides prospects for immersive and
practical education, enabling students to actively participate in virtual simulations,
experiments, and role-playing scenarios.

(3) Connectivism: Established by George Siemens, it underscores learning as a process
that occurs within a network, wherein learners establish connections with resources,
knowledge, and other learners. Within the Metaverse, students have the ability to
collaborate without limitations, access a wide range of materials, and participate in
interconnected learning communities.

(4) Bloom’s Taxonomy is a framework that classifies cognitive abilities into different
levels, ranging from basic thinking skills like remembering and understanding, to
more advanced thinking skills like applying, analyzing, evaluating, and producing.
Teachers have the ability to create tasks within the virtual reality world that are tailored
to various levels of Bloom’s Taxonomy, promoting the development of analytical
thinking and imaginative skills.

(5)  Universal Design for Learning (UDL) is an approach that fosters inclusive education
through the provision of many methods for presenting information, engaging stu-
dents, and expressing knowledge. Within the Metaverse, educators possess the ability
to generate a wide range of educational resources, inclusive settings, and numerous
methods of interaction to cater to various learning preferences and capabilities.

(6) Game-Based Learning and Gamification: By utilizing components of games or con-
cepts of game design, educators can employ the Metaverse to construct learning
experiences that incorporate game-like characteristics. These experiences aim to
enhance student engagement, motivation, and the acquisition of skills.

(7) Learning Analytics: By harnessing data and analytics derived from students’ in-
teractions in the Metaverse, educators can apply learning analytics frameworks
to obtain insights into students” advancement, preferences, and areas requiring
enhancement. The utilization of data can provide valuable insights to enhance
tailored learning experiences.

(8) The utilization of Augmented Reality (AR) and Virtual Reality (VR) in the field of
Education: Although not a distinct theory, incorporating AR and VR technology into
the Metaverse is consistent with pedagogical methods that prioritize immersive and
experiential learning, enabling students to engage with knowledge in novel ways.

The objective of integrating these frameworks with Metaverse technology in higher
education institutions (HEIs) is to develop captivating, interactive, and customized learning
experiences that address the varying needs of learners while making the most of the
distinctive features offered by immersive digital environments.

2.3. Theoretical Background and Hypotheses

In recent years, scholars developed and applied different theories and models to
predict the adoption of innovative technologies. From the stream of information systems,
psychology, and sociology, “Theory of Reasoned Action” (TRA), “Theory of Planned Behav-
ior” (TPB), “Innovation Diffusion Theory” (IDT), “Technology Acceptance Model” (TAM),
“Motivational Model” (MM), “Model of PC Utilization” (MPCU), and “Social Cognitive
Theory” (SCT), are merely a few of the main modular theoretical lenses that have set the
standard for research and results in the area of IT/IS adoption [43,44]. A review and inte-
gration of these competing models of IT acceptance led to the development of the UTAUT.
Four fundamental variables, namely, “performance expectancy” (PE), “effort expectancy”
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(EE), “facilitating conditions” (FC), and “social influence” (SI) were acknowledged to affect
the users’ intentions toward using novel information technologies or systems [44]. The
UTAUT has been examined and endorsed across different environments [45,59], and can
account for about (0.70) of the variation in users’ behavioral intentions [44]. Owing to
UTAUT parsimony, robustness, and simplicity, this theoretical model became one of the
most widely applied compared to others [43,60,61]. UTAUT was also evidenced to be
superior to the eight dominant competing theories and models [44,59].

Although extensive replication, application, integration, and extension of UTAUT
have facilitated the understanding of IT/IS adoption to many academics, a systematic
investigation and theorizing of the vital constructs that are related to context based on
consumers’ IT acceptance and use are still required [43]. In addition, there is significant
debate among researchers who claim that the UTAUT’s variables might not be sufficient to
explain individuals” acceptance of novel technologies and systems in voluntary contexts as
the original UTAUT study addressed the large organizational settings, which in turn limits
the explanatory and predictive power of this model [43,59]. Furthermore, for investigating
the acceptance and use of Metaverse platforms for social sustainability, there are other
constructs that should be addressed such as “perceived curiosity”, in addition to the impact
of the personality trait “extraversion” in the immersive technologies context (MVTECH).
Using the UTAUT model as a foundation by taking into account these variables, a more
comprehensive theoretical perception of users’ IT/IS acceptance in the MVTECH setting
could be introduced.

In fact, “perceived curiosity” seemed to be a critical variable that encouraged the
users to be more engaged and motivated to use virtual reality technologies [62,63]. This
is due to the fact that in a consumer/user context, curiosity leads to stimulating positive
feelings through gaining information about a certain behavior (e.g., using cutting-edge
technologies) [64]. The more that individuals are motivated, the more that they desire to
look for information and knowledge. Individuals with higher curiosity levels naturally will
recognize technology as easier to use as their inclination to explore motivates them to learn
and acquire more information about it, particularly in the realm of immersive computing
technologies [63]. Therefore, including “perceived curiosity” will strengthen the UTAUT
model’s original constructs and help in understanding individuals” perceptions toward
MVTECH. The inclusion of this factor in the proposed model has been rationalized by the
need to focus management attention on crucial enablers to adopt virtual platforms and
achieve social sustainability, which allows users to utilize MVTECH capabilities effectively.
However, a review of recently published research studies indicates that the significance of
personality traits to address social sustainability in the context of IT/IS acceptance and use
might importantly shape the users’ behavior towards such technology or system [1,65]. In
this research, one of the key personality traits, namely, extraversion, is integrated within the
UTAUT as an antecedent of the social sustainability of MVTECH. The rationale behind in-
cluding extraversion is due to the fact that extroverts are those who are sociable, interactive,
self-confident, gregarious, and enthusiastic. Therefore, those people have more positive
intentions toward new IT/IS that facilitate self-presentation [66]. Extroverts also show
high levels of innovation consciousness and a desire to possess the latest technologies [67].
In this regard, extroverts are revealed to be inclined to adopt technology as a means of
interaction with others to demonstrate their ideal self through the style represented by the
technology itself [67,68]. This is considered another reason to illustrate the integration of
extraversion in the context of educational Metaverse platforms. Wang et al. (2012) reported
that extroverted learners must be apt to interact via IT/IS with others [69]. Consequently,
extroverted learners will probably perceive Metaverse learning platforms as more beneficial
and engaging in their education.

The UTAUT was expanded in this study using a novel exogenous technique and an
integrated approach. To predict and explain the social sustainability of using MVTECH
in the educational setting, a proposed model is formulated by incorporating the UTAUT
main constructs with one of the personality qualities, namely, extraversion, and perceived
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curiosity. The underlying premise is that the suggested variables would have a significant
impact on MVTECH’s social sustainability. The proposed theoretical model is depicted in
Figure 1 (an adaptation of the UTAUT model developed by Venkatesh et al., 2003 [44] for
the purpose of this study).

-
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Figure 1. Study model “Factors Affecting the Social sustainability of Metaverse”.

2.3.1. Performance Expectancy (PE)

PE can be described as “the degree to which using a technology will provide benefits
to consumers in performing certain activities” [43]. The fundamental concepts that support
PE according to the earlier IT/IS adoption models and theories are: “perceived usefulness”
(TAM), “relative advantage” (IDT), “extrinsic motivation” (MM), “job fit” (MPCU), and
“outcome expectations” (SCT). The original and the second versions of the unified theory
(UTAUT1/UTAUT?2) proposed that PE has a direct influence on behavioral intentions to use
novel technologies. Earlier studies supported the relationship between PE and the use be-
havior of several technologies [60,70-72]. In this research, PE refers to the perceptions held
by university students that incorporating the Metaverse into their educational experience
will enhance their learning outcomes and boost their academic performance. Assuming
that university students perceive that utilizing Metaverse will enhance their academic
performance. In this case, it is expected that students will have a favorable inclination to
utilize it in their learning. Consequently, the subsequent hypothesis was proposed:

H1. PE will positively affect students’ perceptions toward social sustainability of MVTECH.

2.3.2. Effort Expectancy (EE)

EE can be described as “the degree of ease associated with consumers’ use of tech-
nology” [43]. The EE’s foundational root variables are: “perceived ease of use” (TAM)
and “complexity” (IDT) [44]. A user needs a certain level of knowledge, competence, and
understanding to use MVTECH. Users would be more inclined to use MVTECH in the
future if they felt confident and could easily use the associated technologies, such as laptops,
mobile devices, AR glasses, VR headsets, and VR gloves. Based on the UTAUT1/UTAUT2
models, EE was hypothesized to have a direct influence on the users’ behavioral intentions
to adopt novel technologies. Earlier literature confirmed the impact of EE as a determinant
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of the behavioral intentions to accept and use different information systems and technolo-
gies [6,73,74]. The present study aims to evaluate university students’ perceptions of the
simplicity and user friendliness of the Metaverse by assessing their EE. Consequently, if
university students perceive the Metaverse as easy to use (effortless), their inclination to
use it will be positive. Thus, the subsequent hypothesis was suggested:

H2. EE will positively affect students’ perceptions toward social sustainability of MVTECH.

2.3.3. Social Influence (SI)

Slis described as “the extent to which consumers perceive that important others, for
example, family and friends, believe they should use a particular technology” [43]. The
fundamental concepts that support SI according to the earlier IT/IS adoption models and
theories are “social norms” or “subjective norms” in the “theory of planned behavior TPB,
theory of reason action TRA, TAM2 and combined TAM-TPB” [44]. Peers, colleagues,
friends, and important others who utilize innovative technologies, such as MVTECH, may
contribute to improving trust in the technologies and service providers. Previous studies
confirmed the impact of SI on the acceptance and use of several technologies [61,75,76]. In
this study, “social influence” refers to the degree to which university students feel obligated
to utilize the Metaverse based on the judgments of their peers. University students who are
influenced by important individuals are more likely to use the Metaverse for educational
purposes. Therefore, the following relationship was hypothesized:

H3. SIwill positively affect students” perceptions toward social sustainability of MVTECH.

2.3.4. Facilitating Conditions (FCs)

FC can be described as “consumers’ perceptions of the resources and support avail-
able to perform behavior” [43]. The original variables underlying the FC are “perceived
behavioral control” (TPB) and “compatibility” (IDT) [44]. Adopting the Metaverse requires
a particular set of technical abilities and tools (e.g., laptops, mobile devices, AR glasses, VR
headsets, and VR gloves). Therefore, users would be more inclined to accept and utilize
MVTECH in the future if they believe they already have the required high-tech tools and
skills for using these virtual settings. Previous research supported the relationship between
FC and the adoption of innovative technologies [61,70,77]. The term “FC” in this study
refers to the perceptions of university students regarding the accessibility of organizational
and technical tools that could potentially increase their dependency on the Metaverse. The
present study hypothesizes that sufficient organizational and technological resources and
support inside HEIs enhance the probability of university students utilizing Metaverse.
Consequently, the following relationship was hypothesized:

H4. FC will positively affect students’ perceptions toward social sustainability of MVTECH.

2.3.5. Perceived Curiosity (PC)

According to Litman (2010), PC can be described as “a desire for acquiring new
knowledge and new sensory experience that motivates exploratory behavior” [78]. There
are two categories of PC: First, “interest curiosity” which refers to the anticipated positive
feeling or pleasure of acquiring novel information, and second, “deprivation curiosity”
which refers to the alleviation of uncertainty and unattractive circumstances related to a
dearth of knowledge or information [79]. The current research placed emphasis on “interest
curiosity” rather than deprivation since individuals are more likely to accept utilizing
MVTECH due to their interest. People may become more interested in learning how to
use IT/IS if they have a curious mind [62]. Thus, curious users might learn swiftly and
consider advanced IT/IS as being effortless to adopt and utilize. PC, in the context of
this study, pertains to the inclination of learners to seek out new knowledge and sensory
experiences that stimulate their exploratory behaviors concerning the utilization of the
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Metaverse within HEIs. In this study, the more enthusiastic and interested MVTECH
users will have positive perceptions regarding its perceived usability or effort expectations
when accepting and adopting this innovative technology. While this association has not
been investigated in earlier UTAUT studies, this research makes the assumption that users
who are generally curious will think of the MVTECH as easy to use (i.e., requiring less
effort), as their eagerness encourages them to learn about this innovation. This study, hence,
postulates the following hypothesis:

H5. PC will positively affect EE toward social sustainability of MVTECH.

2.3.6. Extraversion (EXT) as a Critical Personality Trait

Personality is often defined as the most fundamental psychological process that con-
trols a person’s cognition, emotions, and behavioral actions [80,81]. When it comes to
attitudes, needs, behaviors, feelings, and actions, personality is a term that is frequently
used to characterize individual differences. Also, personality has a significant effect on how
customers make decisions [82,83]. One of the most prevalent explanations for why an indi-
vidual behaves differently is due to their personality traits, which are characteristics that set
them apart from other individuals (differentiate one person from others). In the case of this
study, it could help in understanding individuals’ variations in behavioral intention. Thus,
“personality traits” could be applied to understand the behaviors of IT/IS users [84,85].
The “five-factor model” (FFM) or the “big five personality traits” model covers the vital
elements of personality and is deemed to be the most thorough taxonomy in personality
literature [86,87]. It includes the subsequent elements, which are usually regarded as the
basic tenets of personality. Agreeableness describes “a person’s tendency to be compassion-
ate, tolerant, courteous, and cooperative toward others”; Conscientiousness is “a person’s
tendency to act in an organized, planned, or thoughtful manner”; Extraversion is “gener-
ally associated as socializing with others, being gregarious, and talkative”; Neuroticism
describes “the extent to which a person’s emotions are sensitive to the environment, and
includes being nervous, insecure or anxious”; Openness is “the extent to which a person is
open to experiencing a variety of activities, is broad-minded and independent” [88,89].

In the context of IT/IS research, improving our understanding of the effect of per-
sonality on users’ behaviors allows for better tailoring of communications to meet their
needs [90,91]. If carried out ethically, this may further enhance user outcomes by better
matching technological products and services. Since extraversion has attracted the most
attention among personality traits in the literature on IS/IT adoption, the focus of this
research was on analyzing how this trait manifests in behavior. Extraversion, in particular,
has been demonstrated to positively influence behavior-related intention to adopt new
technology, according to earlier studies [85,92,93]. Alternatively, the trait of openness
represents an individual’s willingness to participate in a variety of activities as well as their
independence and openness to new experiences. It was found that while this aspect had a
positive relationship with “perceived ease of use PEoU” [42,94], it had no impact on users’
intentions to adopt emerging technology [95]. According to other studies, agreeableness
and neuroticism have no effect on how well people accept new technology (e.g., [95]).

Extraversion, one of the “big five personality traits”, refers to a person who is sociable,
interactive, emphatic, gregarious, and aspiring [67]. Those who describe themselves as
extroverted are inclined to be gregarious and enjoy interacting with others, reaching
new people, and socializing [83,91]. Additionally, they are more likely to be talkative,
especially about people and social interactions, less hesitant and constrained, and to
employ language that is positive and self-focused [65]. They also frequently use abstract,
descriptive terms that may call for interpretation. Extraversion in this study encompasses
qualities such as sociability, interactivity, empathy, and gregariousness by using Metaverse
technology for educational purposes. In the HEIs context, extroverted learners are likely to
have adequate skills in interacting with others, gesture expressions, and enthusiasm [22],
and their goals are learning oriented. It is also revealed that extroverted learners tend
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to like networking via IT/IS with peers, classmates, and other important people [22,69].
Consequently, extroverted learners are inclined to perceive Metaverse learning platforms as
more beneficial and engaging in their learning process. Therefore, this research suggested
the subsequent hypothesis:

Hé6. Extraversion will positively affect users” perceptions toward social sustainability of MVTECH.

3. Research Methodology
3.1. Study Sample and Data Collection

Quantitative research was used in this study to examine the suggested theoretical
framework. To collect the responses from a convenience sample of Jordanian university
students, a 23-item online questionnaire was used. At any point during the data-gathering
process, respondents have the unrestricted right to withdraw. Students from HEIs in
Jordan who understood the usage of state-of-the-art IT/IS for educational processes were
considered qualified sample members. Consequently, the study included higher education
students who possessed prior expertise with interactive technologies such as augmented
reality (AR), virtual reality (VR), and virtual worlds. These respondents are in a better
position to enable the researcher to accomplish the aim of the current study. The partici-
pants were potential future users of MVTECH because the application of this innovative
technology in Jordanian HEIs is still in its infancy (or even not in use). A brief description of
the Metaverse derived from prior studies and a brief video (roughly one minute in length)
that explains the use of this technology for education were included on the introduction
page of the online survey to ensure participants were aware that the study was focused on
the MVTECH as a type of virtual learning environment in Jordanian universities. After
confirming that they understood what the Metaverse is and how it might be applied in
the educational process, the participants proceeded to the next parts of the online survey.
Contribution to this research was entirely voluntary. Participants were asked to submit
their responses to the online questionnaire based on their views and thoughts regarding the
social sustainability of MVTECH. Out of the 528 returned questionnaires, 422 were valid to
be analyzed using statistical techniques, indicating an 83.52 percent completion rate.

e  Demographic profiles of study respondents

As depicted in Table 1, the gender split was 50.1% males and 49.9% females, with ages
ranging between (18 and >50 years). Pertaining to their education, 87.2% of the respondents
were at the undergraduate level, 8.5% of them were master-level students, and 4.3% of them
were PhD students. Most of the participants (51%) were from business administration and
information technology faculties. Table 1 indicates also that the majority of respondents
in this study have a high level of education and possess adequate knowledge, experience,
and proficiency in handling different virtual technologies including MVTECH.

Table 1. Participants” demographic profile.

Demographics No. (%)
Gender
e Male 215 50.1%
e Female 207 49.9%
Age
e 18-29 346 82%
e 30-39 37 8.8%
e 40-49 30 7.1%

o +50 9 2.1%
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Table 1. Cont.
Demographics No. (%)
Academic level
e Undergraduate 368 87.2%
e Master 36 8.5%
e PhD 18 4.3%
Majors
o Business Administration 114 27%
e Information technology 101 24%
e Engineering 46 11%
e Education 17 4%
e Medical Sciences 51 12%
e Arts and sciences 21 5%
o Law 34 8%
e Others 38 9%
Competency levels of using virtual IT and/or Metaverse
e Beginner 114 27%
o Intermediate 198 47%
e Advanced 110 26%

3.2. Measurement

The scales for this study instrument were all adapted from previously conducted em-
pirical research on perceived curiosity (PC), extraversion (EXT), and current UTAUT-related
literature to preserve the validity and reliability of those scales (see Appendix A). The UTAUT
aims to evaluate four original constructs, including PE (three items), EE (three items), SI
(three items), and FC (four items). These items were adjusted from Venkatesh et al. (2003,
2012) [43,44] and relevant research studies [6,10,61]. Social sustainability was evaluated using
three items and the scale was adjusted from the research work of [96,97]. Additionally, PC was
measured using four items adapted from the work of [62] and [79]. Lastly, three items were
adjusted from the studies of [67-69,98] and were used to measure EXT. A 5-point Likert
scale ranging from 1 “strongly Disagree” to 5 “strongly agree” was employed to assess
the items that refer to each variable within the proposed study framework. A nominal
scale was used to measure the respondents” demographics: gender, age, and degree of
education. The online questionnaire was initially created in English, and as Arabic is the
official language of Jordan, an expert English-Arabic translator transcribed it into Arabic.
The initial phase of any research procedure is usually a pilot study, which is a smaller-scale
investigation that helps with the planning and adjustment of the main research [99]. Prior to
further research, a pilot investigation was conducted with 30 randomly chosen participants
(university students) to review and adjust the online survey items and to demonstrate
content validity and reliability. The pre-test was also conducted to evaluate the sufficiency,
simplicity, and clarity of the study instrument. Aiming to improve the readability of the
instrument, slight modifications were made to the wording of a few items based on the
recommendations of the participants of the pilot study.

4. Data Analysis and Results
4.1. Descriptive Statistics
Descriptive statistics serve to condense and arrange the attributes present within a

dataset. This dataset comprises responses or observations obtained from the study sample.
Both the standard deviation (SD), which is “a summary measure of the differences of each
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observation from the mean”, and the mean, or M, which is the commonly employed mea-
surement for calculating the average, were identified for the participants’ responses [100].
To determine the mean, all the values of responses should be added together and then
divided by the total count of responses. The descriptive analysis for each variable in the
proposed framework is shown in Table 2. All means were greater than 2.5 which points out
that the majority of respondents express positive answers to the factors that are examined in
the current research. Moreover, Cronbach’s « values revealed that all variables confirmed
strong internal reliability.

Table 2. Descriptive statistics of the proposed variables.

Variables Mean SD 104
Performance Expectancy (PE) 3.69 1.17 0.903
Effort Expectancy (EE) 3.66 1.16 0.898
Social Influence (SI) 3.69 1.33 0.818
Facilitating Conditions (FC) 3.52 1.09 0.796
Perceived Curiosity (PC) 343 1.33 0.910
Extraversion (EXT) 3.67 1.32 0.849
Social sustainability of MVTECH (SS) 3.53 1.19 0.797

4.2. Measurement Model

CFA using AMOS 25.0 was employed to examine the associations between the con-
structs in the proposed research model [101]. The model’s parameters were assessed using
the maximum likelihood estimation approach, and all analyses used variance-covariance
matrices [102]. At this stage, it is recommended to use some fit indices to evaluate the
goodness-of-fit of the proposed model [102,103]. These indices are x2/df, as well as at least
one absolute index, for example, the “root mean square error of approximation (RMSEA)”,
“standardized root mean square residual (SRMR)”, “goodness-of-fit index (GFI)”, and
“adjusted goodness-of-fit index (AGFI)” and one incremental index, such as “normed fit
index (NFI)” and “comparative fit index (CFI)” (Hair et al., 2014; Kline, 2015) [103,104].
These indices are x2/df, along with at least one absolute index, for instance, the “root
mean square error of approximation (RMSEA)”, “standardized root mean square resid-
ual (SRMR)”, “goodness-of-fit index (GFI)”, and “adjusted goodness-of-fit index (AGFI)”
and one incremental index, such as “normed fit index (NFI)” and “comparative fit in-
dex (CFI)” [102,103]. The analysis of model fit indices including, x2/df, GFI, AGFI, CFI,
and SRMR, NFI, RMSEA, indicates an adequate model fit for both “measurement and
structural models”.

As recommended by [102], “composite reliability” (CR) and “average variance Ex-
tracted” (AVE) were applied to evaluate the reliability, convergent validity, and discriminant
validity. The authors of [102] recommend that CR is required to be greater than 0.7 to es-
tablish sufficient reliability, the AVE is required to be greater than 0.5, and the CR value
should be higher than the AVE to indicate convergent validity, where the total AVE of the
average value of constructs is required to be higher than their correlation value to establish
discriminant validity [102]. The results in Table 3 demonstrate that the AVE values of
all the variables were above 0.507 and larger than 0.734 for CR, and this shows that the
variables had acceptable reliability and convergent validity. Also, the square root of AVE is
larger than their correlation value which indicates that all the variables illustrated have
satisfactory discriminant validity.
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Table 3. Construct reliabilities, convergent validity, and discriminant validity.

CR AVE PE EE SI FC PC EXT SS
PE 0.734 0.526 0.725
EE 0.830 0.688 0.413 0.829
SI 0.788 0.570 0.485 0.529 0.754
FC 0.756 0.507 0.505 0.506 0.547 0.712
PC 0.801 0.618 0.396 0.424 0.449 0.536 0.786
EXT 0.846 0.765 0.413 0.457 0.458 0.608 0.467 0.810
SS 0.758 0.523 0.410 0.448 0.477 0.468 0.519 0.507 0.723

Note: Factor correlation matrix with the square root of AVE on the diagonal line (shown as bold).

4.3. Structural Model

Hair et al., 2021 [104] suggested that “structural equation modeling” (SEM) empowers
researchers to concurrently create and evaluate intricate connections among numerous
dependent and independent variables. They also highlighted that the “structural model”,
which is the second stage of the SEM approach, embodies the proposed theory, linking in-
dependent and dependent constructs, and the connections among the latent factors should
be derived from theoretical reasoning, permitting simultaneous testing using SEM [104].
Thus, the subsequent stage after confirming good convergent and discriminant validities
was to evaluate the structural model to examine the hypothesized associations between the
proposed constructs.

The values in Table 4. indicate that the social sustainability of MVTECH in Jordanian
universities was significantly influenced by PE, FC, and EXT. These constructs explained
66.4 percent of variance (R?) in the social sustainability of MVTECH. Therefore, further
research efforts are recommended to consider other factors, such as cultural dimensions,
to obtain a better understanding of the Metaverse and its sustainable use. Also, PC was
found to have a significant impact on EE. These findings offer support for H1, H4, H5, and
H6. Conversely, EE and SI have an insignificant impact on SS. These findings show that H2
and H3 were not supported in this study.

Table 4. Structural model (hypotheses testing).

Hypotheses Path Path Coefficient (f3) Supported
H1 PE >>SS 0.172* Yes
H2 EE >>SS 0.042 No
H3 SI>>SS 0.034 No
H4 FC >>SS 0.151* Yes
H5 PC >> EE 0.235 ** Yes
Heé EXT >>SS 0.193 * Yes

Note: * p < 0.05, ** p < 0.01.

5. Discussion, Implications, Limitations, and Future Research

The last twenty years witnessed substantial changes in people’s daily activities as
a result of various technological innovations. With the contemporary evolution in VR,
AR, Al, and other relevant technologies, there have been shifts and transformations in
different sectors, from the educational process to consumption lifestyles and from social
interaction to engagement in cultural practices and traditions. It is claimed that the recently
introduced “Metaverse” technology will have a significant effect on people’s daily lives;
it could profoundly influence social life, interaction, social structure, and sustainable
development [1]. Thus, it is vital to investigate individuals” perspectives on the social
sustainability of MVTECH. Consequently, this research examined the role of one of the
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main personality traits, namely, extraversion, along with perceived curiosity and UTAUT
original constructs in determining the social sustainability of the MVTECH in the HEIs in
Jordan from learners’ perspective.

According to the results of statistical analysis, UTAUT constructs such as PE, SI, and
FC were revealed to significantly affect the SS of MVTECH. The results of this research were
found to be in line with recent research in the field [105,106]. MVTECH will likely be a
crucial component of human future lives. One of the key variables that will influence people’s
future acceptance and adoption of MVTECH is “performance expectancy” (PE) (H1). In
earlier literature on the usage intention of different virtual digital tools, for instance, mobile
commerce, internet of things (IoT), internet banking, Metaverse, and augmented reality, it has
been confirmed that PE has a significant impact on usage intentions [29,105,107-109]. In other
words, if users are convinced by MVTECH's benefits and gains, they will likely use this
technology to perform their daily activities (e.g., educational practices).

The statistical results revealed that “effort expectancy” (EE) was an insignificant
determinant of university students’ perspectives regarding the social sustainability of
Metaverse technology (H2). This might indicate that the students were prepared to adopt
various distance learning systems and applications, irrespective of the individual efforts that
could be needed. Being “digital natives” or “millennials”, students in HEIs were used to
utilizing such technologies in their daily lives, which is another possible explanation for this
result; accordingly, they have sufficient experience and skills in using them. Based on the
research of [110], EE becomes a significant predictor when IT/IS individuals are not familiar
with utilizing the information systems and an insignificant variable for individuals with
fair knowledge and skills. Consequently, Metaverse platform designers and developers
need to focus on reducing the complexity associated with MVTECH exploration and usage.
It is also suggested to provide training sessions, workshops, and helpdesks; this would
contribute to improving students’ skills and proficiency in using Metaverse and other
relevant technologies. Earlier research in the IT/IS area has shown similar findings [21,107].

Another explanation for the insignificant impact of EE could be that users are growing
less concerned about the challenges of using web-based services and apps as a result of
these technologies becoming more user friendly. Therefore, rather than being primarily
motivated by simplicity of use (or effort expectancy), consumers will primarily employ such
applications and services according to their perceived benefits (or performance expectancy).
Therefore, it is advised that application developers and designers develop Metaverse
platforms that are easier to use in order to encourage people with less IT expertise to accept
and utilize the Metaverse.

In addition, the findings show that “social influence” (SI), one of the main variables of
the UTAUT, was not supported as a significant variable in explaining the SS of MVTECH
within the HEI contexts (H3). This finding contradicts the conclusions of the previous
research, such as [1,60]. This might be accredited to the fact that most participants in this
research are well educated and have fair knowledge, experience, and skills to deal with
various virtual technologies. Hence, the HEIs” students are not concerned with the experi-
ence of others regarding educational MVTECH platforms. Similarly, as students gain more
familiarity and skills in using MVTECH, they are unlikely to be influenced by the support
from their social systems. This further demonstrates that word-of-mouth and referrals
from important others have a negligible impact on Jordanian students’ use of Metaverse
technologies in educational settings. Consequently, it makes sense to assume that Jordanian
students rely mostly on their first-hand knowledge, previous experience, perceptions, and
personal traits when evaluating online instructional settings and practices. In addition,
according to Cech’s (2014) study, this type of learning could promote a disengagement
culture between learners [111]. This recommends future research efforts to investigate such
issues, especially when students in HEIs become more familiar with using MVTECH for
educational purposes.

“Facilitating conditions” (FCs) were found to be a significant variable in predicting
the social sustainability of MVTECH in Jordanian HEIs (H4). The compatibility and the
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availability of required resources and IT support are considered vital aspects from the per-
spective of innovative IT/IS users when using these technologies/systems (e.g., Metaverse).
This also points out the significant non-barrier adoption of Metaverse among Jordanian
HEIs’ students related to the facilitation of MVTECH infrastructure (e.g., mobile devices for
AR experience, VR headsets, VR controllers, tablets for immersive 2D and 3D experience)
as well as internet access and IT staff support. Such a result is consistent with what has
been found by [61,105].

Additionally, the significantly positive influence of FC on the social sustainability
of MVTECH means that educational institutional and IT infrastructure is critical for the
learning /teaching process. This research, however, reveals that institutional-technological
readiness and IT staff support are essential for encouraging university students to accept
and use Metaverse. Considering that MVTECH is a type of emergent disruptive technology,
it might be challenging for learners in University classes to adopt MVTECH for the educa-
tional process in the utter lack of an institutional-technological empowering infrastructure.
Also, this research postulates that it is vital to support learners who cannot utilize MVTECH
due to a lack of financial resources or other restrictions. To reduce educational inequali-
ties, HEIs and governments have to offer learners access to the required institutional and
IT resources.

According to the statistical analysis of the proposed study model, the “perceived
curiosity” (PC) variable was revealed to have a significant impact on the EE construct. This
result represents one of the first research efforts at incorporating the perceived curiosity
within the UTAUT literature, particularly in the virtual technologies context. Therefore,
further studies need to be carried out to apply this variable as an antecedent to UTAUT
factors across other IT/IS, particularly technologies/systems that are truly considered
state-of-the-art. While PC builds a baseline for the person at an individual level, it can be
valuable to assess the impact of IT/IS on PC over time. A longitudinal methodology can be
carried out in future research by manipulating the release of innovative content, a potential
stimulant for the PC, for virtual technologies (e.g., Metaverse). From a more general
viewpoint, the “perceived curiosity” variable could be investigated and manipulated by
applying experimental research with various technologies and the content relevant to
these technologies to generalize the influence of the PC on technologies’ acceptance, use,
usage intentions, and probably loyalty to a service or brand linked to these technologies
or even the content. This finding is in line with what has been concluded by [62] who
found a significant impact of PC on the “ease of use” factors in TAM (which is EE in the
UTAUT model).

Another significant result of this research is that “extraversion” (EXT) contributes to
predicting the SS of MVTECH (H6). The previous research revealed that this personality
trait (extraversion) influences determining the intention for IT/IS acceptance and use [112].
In the context of IT/IS, it has been concluded that extroverted individuals adopt and
use e-government services more frequently than introverted individuals [113]. Similarly,
ref. [112] confirmed that only extroverted users prefer to shop on online group buying
(OGB) platforms. In the m-payment research, a similar finding was confirmed by [92].
In TAM and UTAUT-based research, however, ref. [95] provide evidence validating that
EXT is one of the significant traits consolidating the behavioral intention and actual usage
behaviors of new technologies. Also, ref. [22] found that EXT influenced the behavioral
intention of students toward the adoption of virtual reality-based learning only through its
effect on the TAM factor: “perceived usefulness” (PU).

The findings of this research that, EXT positively and directly affected social sustain-
ability, will be explained based on an in-depth understanding of this factor. EXT is a trait
associated with low emotional arousal, which in turn might result in concentrating on exter-
nal cues, like social engagement and interactions with others [65]. Therefore, studies have
deduced that extroverts perform better in activities demanding significant interactions with
colleagues, classmates, or other individuals in general [66]. Conversely, ref. [114] revealed
that EXT has a negative relation with artificial intelligence (AI) due to its individualized
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nature. Reconciling these contradictory results, the association between EXT and users’
attitudes and intentions toward IT acceptance and use might depend on the technologies
domain. Technology that facilitates social interactions might be enjoyed by extroverted
people, but Al technology, for example, can contribute significantly to minimizing social
interaction [115]. Considering the social and interactive nature of Metaverse, in which a
real-time multisensory social interaction is allowed, and many tasks that require significant
human interactions could be hosted in MVTECH platforms (such as educational tasks
mentioned in this paper), perhaps the result that EXT was significantly and positively
associated with social sustainability should not be unexpected. If this result is replicated in
future research, it could be that extroverts perform well in practices, learning, and training
activities where interactions with others are allowed, and then simply decide not to be
heavy technology users when using technology could lead to isolation from people.

5.1. Theoretical and Practical Implications

This study offers significant contributions from a theoretical viewpoint. First, to the
best of the author’s knowledge, the integration between UTAUT constructs and one of the
key “personality traits” (extraversion) with the SS of MVTECH has not been examined.
This study presents an attempt to bridge this gap by incorporating UTAUT’s original
constructs and “extraversion” as well as “perceived curiosity” (PC) to provide a better
understanding of social sustainability in the context of using MVTECH for educational
purposes. It is vital to mention that these predictors were not selected at random, but
rather after a comprehensive review of the literature on IT/IS in general, and MVTECH
in particular. Second, whereas there is extensive research on using the UTAUT theoretical
framework in the field of IT/IS acceptance and use [45], this research linked the main
variables of the theory with SS, which validates the theory’s power in understanding and
investigating SS. Also, the variance explained in the SS of the MVTECH is 66.4 percent,
which is superior to the variance explained in the behavioral intentions by 56 percent of
the UTAUT original version developed by [44]. Third, while four out of six hypothesized
associations were supported by the statistical analysis of empirical data, the results did not
strongly establish a relationship between EE and SI constructs with SS. These findings sug-
gest further investigation of the situation and the characteristics of adopting the MVTECH,
particularly in developing nations like Jordan.

From a practical perspective, the results of this study support the valuable oppor-
tunity that MVTECH affords to society in general and the education sector in particular
(the context of this study). From the perspective of UTAUT variables, extraversion, and
“perceived curiosity”, the statistical analysis presented evidence that PE, FC, and EXT
significantly affect the SS of the MVTECH. Consequently, HEIs and private companies who
produce content for the MVTECH platforms should significantly consider such variables.
Given the result of the PE construct, universities and other educational institutions need to
deliberate on learners” demands, requirements, and time restraints while developing their
Metaverse platforms for educational purposes. Metaverse appeal in the education context
could be attributed to various styles of content delivery, remote accessibility to contexts
that are unable to experience in the real world, learners’ collaboration, and safe and secure
virtual environments.

Also, the findings revealed that the SS of the MVTECH was not influenced by EE and
SI. Although EE is an important determinant of accepting and using various technologies,
its relationship with MVTECH is not supported. Consequently, decision makers who
emphasize the adoption of this technology in their HEIs including universities should
offer training courses for their students to facilitate its implementation and use. Also,
designers and developers should enhance the user friendliness of the MVTECH platforms
to encourage their sustainable usage in the long run. Furthermore, the findings of this
research imply that universities need to consider making the Metaverse environments
more accessible and user friendly throughout various learning and teaching practices.
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The MVTECH is required to have a user-friendly interface, that is easy to be used and
understood even for beginners.

HEIs and other sectors engaging in the Metaverse environment should consider the FC
in promoting the social sustainability of MVTECH. Such facilitating conditions are varied
depending on the sector due to the different levels of skills and competencies needed. These
organizations should offer the essential tools, content, and applications that facilitate the
implementation of MVTECH. Individuals also should be armed with particular knowledge
and experience to utilize these innovative virtual settings. As avatars are used in the
Metaverse virtual environment to represent users, users need to have sufficient expertise
to deal with them. To support conscientiousness in users, institutions should prepare
and implement their scheduled plans to highlight how MVTECH is associated with their
long-term goals and strategies. In view of this point, users would seek to accept and adopt
these novel settings to reinforce the HEIs" reputation and image, and this is in light of
achieving the government’s ambitions toward digital societies.

For extraversion, individuals commonly improve their competencies, skills, and exper-
tise by participating in social interactions. Whereas MVTECH promotes social interactions
between individuals, this is likely to affect its social sustainability. Thus, users are stimu-
lated to use MVTECH in their educational process and other daily activities and taste the
flavor of social interactions with their classmates and other social groups to act in line with
the future desires of different institutions. The use of Metaverse is still in its introductory
stage; therefore, Metaverse service providers and HEIs should stimulate a feeling of curios-
ity regarding MVTECH using various social media channels (e.g., YouTube ads). Based on
the results of this study, PC about MVTECH may produce positive perceptions regarding
the “ease of use” of this technology and could influence its sustainable use in the future. In
short, decision makers and companies that provide Metaverse’s services could benefit from
the results of this research to enhance users’ perceptions and experience of MVTECH, or to
reach more potential users.

To maintain the social sustainability of the Metaverse, the Metaverse settings should
operate with many individuals, and seamless service should be available even when using
comparatively low-cost/low-quality mobile devices. For long-term Metaverse services, a
sustainable design needs to take into consideration the scalability of the existing constrained
infrastructure. To expand the infrastructure and use it effectively, it is imperative to
constantly establish open-source platforms that could reinforce collaborations between
developers, leading experts, individuals, and institutions seeking to exploit such innovative
virtual technologies in the long term.

5.2. Limitations and Future Work

The MVTECH continues to produce new momentum for the expansion of the digital
economy at the international level. The current study demonstrates that UTAUT core
variables, extraversion as a key personality trait, and perceived curiosity are associated
with the social sustainability of MVTECH. Although the results in this research offer a
significant contribution to Metaverse literature, particular limitations influence the gener-
alization of the study conclusions. First, this study employed quantitative data to study
the research phenomenon, while such empirical data assist in providing more objective
insights concerning the significant variables influencing Jordanian students’ perspectives
toward the social sustainability of MVTECH, it is still vital to gain an in-depth and more
insightful view that explains how such factors may affect the individuals” perceptions
toward MVTECH. Thus, a qualitative research approach is required by future researchers
to provide insightful explanations for this research phenomenon. Second, this research
investigated the learners’ perceptions toward the Metaverse. Accordingly, future studies
are required to focus on other individual behaviors and outcomes such as “actual usage”
behavior and users’ loyalty. Furthermore, whereas Metaverse presents novel opportunities
for educators to motivate learners, it also could increase the dedication hours of students.
This issue needs further investigation in future research work. Third, as presented in the
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findings section, both EE and SI constructs were not significant predictors as suggested in
this research framework. Such results call for further analysis to realize if they could be
moderated by demographic variables (such as gender and age). Fourth, this study only
studied the application of MVTECH in educational institutions; other areas (e.g., citizens—
governments interaction, banking, health, and e-commerce) can be targeted independently
or investigated together in future investigations. Finally, this study was conducted in
Jordan, which might restrict the generalizability of its results. Therefore, future studies
could consider other nations and cultures to gain a more comprehensive understanding of
MVTECH adoption and sustainable use based on different contexts.

6. Conclusions

MVTECH is a type of virtual technology platform that will affect social interaction and
online service delivery from several aspects, and education is no exception. It is reinforced
by advanced technologies, which form a vital component of educational activities. With
the recent announcement of the executive chairman and CEO of the popular social media
platform (Facebook) who renamed this platform Metaverse [116], people anticipate the
development of revolutionary technologies that have great potential to fundamentally
transform how they work, learn, and perform daily routines. It is an innovative setting
of VR that would replace the traditional web-based platforms and pave the way for a
novel style of teaching and learning activities. Engaging in e-learning through immersive
VR-based learning systems enables students to immerse themselves in a virtual environ-
ment, actively participating and interacting within the learning space. This approach, as
highlighted by Ref. [23], enhances learning by rendering it more interactive and lifelike.
VR-based learning systems offer an enriched sensory experience, introducing an innovative
and novel approach that caters to both technologists and students. Ref. [89] emphasizes that
these systems effectively captivate students’ interest across diverse subject areas, ranging
from medical surgery to industrial design. Within the educational realm, VR-based learn-
ing systems stand as compelling and exhilarating developments, promising an engaging
and exciting approach to learning [117]. Considering the advantages that this innovative
technology can benefit the HEISs, this study examined the learners’ perceptions of MVTECH
in Jordanian HEISs, investigating the variables influencing their perceptions regarding the
social sustainability of this technology. The current research developed a context-specific
theoretical framework integrating the UTAUT original constructs with PC and EXT con-
structs as contextual factors. The findings of the SEM revealed that learners’ perceptions
toward MVTECH were significantly influenced by PE, FC, and EXT. Furthermore, the PC
construct significantly affected the EE construct. The results of this research contribute to
the published literature on the acceptance and adoption of IT/IS. It can also show how
learners in HEIs understand the virtual technologies implemented in educational activities.
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Appendix A
Table Al. Study questionnaire (constructs and measurement items).
Construct Code  Measurement Item Source (s)
PE1 I find the Metaverse technology to be useful for my study purposes.
Performance Expectancy PE2 Using the Metaverse technology makes it easier for me to achieve my [6,10,44]
study goals.
PE3 Using the Metaverse technology improves my learning efficiency.
My interaction with the Metaverse technology for educational purposes is
EE1
clear and understandable.
Effort Expectancy EE2 I think the Metaverse technology for educational purposes is easy to use. [6,10,44]
EE3 Learning to use the Metaverse technology for educational purposes is easy
for me.
FC1 There are online resources to show me how to use the Metaverse technology
for educational purposes.
FC2 There are online customer service providers to show me how to use the
Metaverse technology for educational purposes.
Facilitating Conditions There are online customer service providers to help me when I have [6,10,44]
FC3 difficulties using the
Metaverse technology for educational purposes.
FC4 Using the Metaverse technology for educational purposes is compatible with
other technology I use.
si1 People who are important to me would think that I should use the
Metaverse educational platform.
Social influence S People.whose opinions I value would like me to use the Metaverse [6,10,44]
educational platform.
i3 People who influence my behavior would think that I should use the
Metaverse educational platform.
PC1 I follow the news about Metaverse out of curiosity.
PC2 I cannot wait to try Metaverse.
Perceived Curiosity PC3 I enjoy spending hours ona questiqn related to using Metaverse because I [62,79]
cannot be comfortable without getting an answer.
PC4 I enjoy learning about subjects using Metaverse technology as this
experience is new to me.
EXT1  The Metaverse encourages university students to be outgoing and sociable.
Extraversion EXT2  The Metaverse encourages university students to be conversationalists. [67-69,98]
EXT3 The Metaverse promotes the cultivation of confidence and sociability among
university students.
ss1 The use of Metaverse in the educational process ensures equal personal
development and engagement opportunities for learners.
The use of Metaverse promotes social issues, including the development of
> o ltural ial equi ia] assi
Social sustainability SS commuplfl?s, cu tura. competency, social equity, social assistance, [96,97]
responsibility for society, etc.
In general, implementing Metaverse for the educational process contributes
SS3 to taking aspects like equal opportunities and diversity management

into consideration.
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