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Metamorphosis of EduX: a 
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This research explores critical aspects of the ongoing educational transition 
from traditional two-dimensional digital platforms toward immersive realities 
in the metaverse. In this work, a networked, collaborative, ubiquitous, and 
immersive platform, “EduX” is developed to host different educational sessions. 
Several metrics are tracked and compared with parallel sessions using traditional 
digital platforms used by educational institutions, particularly during and after 
the Covid-19 pandemic, such as Zoom, MS Teams, and Black Board Ultra as the 
Learning Management System. Four groups of students from different domains 
of knowledge (n  = 396) participated in the study, whereby each group was split 
into two subgroups, taking their session via EduX and BBUltra, followed by post-
assessments and discussions. Using a mixed methods approach, quantitative 
and qualitative data were collected and analyzed to examine the influence of the 
platform on engagement, performance, and overall student achievements. The 
discussed results demonstrate superior usability and user experience levels of 
the proposed platform, with higher levels of engagement, leading to significantly 
improved attainments. Other than demonstrating the efficacy and feasibility 
of the platform, this work establishes fundamental metrics to be  considered 
by software and hardware solution providers, academic institutions, and the 
research community concerned with the convergence towards immersive 
technologies.
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Introduction

The accelerated technological advances on different fronts continue to reshape the 
educational systems around the world. The transition was further fueled by the sudden shift 
to distance mode forced by the Covid-19 pandemic (McCann, 2019; Garavaglia and Petti, 
2020; Krawczyk-Bryłka et al., 2020; Albakri and Albakri, 2021; Katalnikova et al., 2021; Zai 
and Akhunzada, 2021; Almanie, 2022). The majority of institutions struggled during the early 
months of the pandemic facing a host of challenges due to demands for upscaled platforms to 
support a large community of educators and learners online.

A plethora of literature surged during the pandemic in attempts to understand and address 
the ensued multifaceted challenges faced by institutions (Reis et al., 2021; Abdullah et al., 2022; 
Baniomar, 2022; Berruecos-Vila and Ochoa-Carrasco, 2022), students (Salih and Ibrahim, 
2021; Austin Sanders et al., 2022; Di Malta et al., 2022), educators (Katalnikova et al., 2021; 
Akhunzada et al., 2022; Baniomar, 2022; Demir et al., 2022; Edirisingha, 2022), and parents 
(Sari and Maningtyas, 2020; Agaton and Cueto, 2021; Domhnaill et al., 2021; Öçal et al., 2021; 
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Demir and Yildizli, 2022; Korukluoğlu and Bavli, 2022) all of which 
indicating a high magnitude of impact on teaching and learning 
manifesting at micro and macro levels of the educational system 
(Ahmed and Lataifeh, 2023).

The transition of education using ICT has already been well 
established before Covid-19 as evident by a number of studies 
(Ramirez et  al., 2018) but it was not mainstream as face-to-face 
learning was still a preferred option. The advent of the Covid-19 
pandemic had a devastating impact on the learning process and 
resulted in a hasty transition towards full-time remote learning 
(Rodrigues et al., 2020). Several tools and technologies were quickly 
adopted and incorporated into existing Learning Management 
Systems (LMS) in efforts to facilitate the remote learning process, 
moving from classroom to Zoom, MS teams, and Black Board Ultra 
(BBUltra) rooms. Fundamentally these tools were swiftly used for the 
dissemination of knowledge from the instructor to students, not 
necessarily designed to foster and encourage collaboration (Zhou 
et al., 2021), which resulted in lower engagement levels. Furthermore, 
students’ role in the process did not encourage much interactivity 
compared to a face-to-face classroom (Lucas et al., 2020), leading to 
poor interpersonal communications within the course platform (Katz 
and Kedem-Yemini, 2021), which substantially affects learning 
outcomes and overall performance (Jaggars and Xu, 2016).

Students and instructors moved from an environment where 
natural interactions among instructors and peers were afforded with 
rich means of oral, visual, and physical modalities, to the adopted 
distance mode. Compelled to be embraced by educational institutions 
around the world (Davidovitch and Wadmany, 2021; Mahmud et al., 
2022), most of these tools offered limited social interaction and 
collaboration, which are some of the most important qualities of an 
effective educational environment (Garcia-Sanjuan et  al., 2018). 
Perhaps this should not be  surprising as the adopted tools were 
essentially made for video conferencing with a basic communications 
toolset (Stecuła et al., 2022). Zoom, for instance, was barely surviving 
as an ageing technology model facing fierce competition from similar 
solutions, next to an existential crisis when compared with the new 
technologies embedded with a wide range of communication 
modalities blurring the boundaries of physical and virtual 
embodiments of users and actions such as virtual (VR), augmented 
(AR), mixed (MR), and extended realities (XR). Zoom, not only did 
manage to survive but became a verb brand due to the pandemic 
(Bowles, 2021).

Active engagement and collaboration require people to be in the 
same space or a resemblance of one, where teaching and learning are 
coupled not just with two-way communications between instructors 
and peers, but enriched with a range of physical models, and visual 
materials among other tools. These tools play a pivotal role as anchors 
of knowledge, and educators use such anchors to mediate knowledge 
transfer to engaged learners. Therefore, while communication allows 
for a more traditional learning mechanism in the form of instructions 
in a synchronous collaborative environment, the visibility and 
modalities of feedback and collaboration between instructors and 
learners play an equally significant role and must be  strategically 
planned (Attiogbe et al., 2023). Especially, as many programs and 
courses continue to be offered in distance mode as the mainstream 
despite the questionable effectiveness of this mode (Regmi and Jones, 
2020). Investigating the most influential factors for distance education, 
agility and quickness of feedback from instructors was detrimental to 

the success of the transitional model (Özbey and Kayri, 2022), which 
for different reasons, seems to be here to stay. The goal we believe 
should be to develop a sustainable system that is well-planned, user-
centric, and provides viable solutions to the proven defects of the 
traditional distance model.

While this work is not aimed to discuss an already saturated topic, 
it is critical to highlight that the escalated challenges of distance 
education range from maintaining the quality of learning outcomes 
(Regmi and Jones, 2020; Alkabaa, 2022; Mahmud et  al., 2022), 
phycological and mental (Stachteas and Stachteas, 2020), motivation 
(Issayev et al., 2022; Snezhko et al., 2022), emotional (Abdalla et al., 
2022; Huang et al., 2022; Šorgo et al., 2022), and overall performance 
(Amro, 2022).

There is growing evidence supporting the successful deployment 
of immersive realities in education across different domains of 
knowledge (Martirosov and Kopecek, 2017; Allcoat et  al., 2021). 
Immersive VR and the metaverse offer a unique and engaging 
environment that can enhance the educational experience and provide 
new opportunities for learning and development. According to the 
most recent systematic survey (van der Meer et al., 2023), immersive, 
collaborative learning systems in VR can encourage further 
engagement and motivation, as students take an active role in their 
learning through the provided interactive experience (Garduño et al., 
2021). Additionally, the positive impact is also coupled with improving 
carefully planned learning outcomes where students at different 
educational levels can capitalize on novel experiential learning 
environments (Kamińska et al., 2019; Huang et al., 2020; Allcoat et al., 
2021; Garduño et al., 2021).

Furthermore, a collaborative, networked, immersive learning 
environment is critically increasing accessibility and inclusivity 
eliminating sociotechnical and geographical barriers, while allowing 
instructors and experience designers to maintain control over tailored 
experiences that cater to specific students’ needs (Dwivedi et al., 2022), 
which years ago has proven particularly effective with technically 
perceived or difficult topics (Seidman, 2009). The highly influential 
computer supported collaborative learning model (CSCL) by Collazos 
et al. (2007) that shows that collaboration with teammates is an equally 
important skill in comparison to having the skillset of performing a 
particular task. Nowadays, the metaverse is considered to be the future 
of the internet where the advent of 5G has the potential to transform 
it into one of the most ubiquitous and transformative communication 
mediums for the masses (Norton, 2023). The ubiquitous metaverse 
allows for seamless navigation, interaction, and anywhere-and-
anytime immersive experience that can prove invaluable for the next 
generation of educational environments (Li et al., 2023). Therefore, it 
is very important to evaluate its effectiveness as an alternative platform 
to traditional educational environments.

In this work, we  propose EduX as an educational platform 
prototyped to substantiate the value of ongoing transition toward a 
ubiquitous immersive metaverse. As a collaborative immersive 
environment leveraged with new modalities of interactions, Unity 
(2022) was the engine of choice to develop the platform due to the 
complexity of the requirements to enable instructors to deliver typical 
educational sessions on different topics. It is designed to be accessible 
by different devices, including wired and wireless VR, AR and MR 
devices, mobile devices, as well as typical web browsers. EduX 
participants are invited to join the sessions using private links. The 
same educational materials are also used for the parallel sessions 
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delivered to the second control group using the university system 
BBUltra. Both parallel groups were asked to complete a short usability 
survey, followed by a post-formal assessment at the end of the sessions.

A novel structural model was devised based on NASA Task Load 
Index (TLX) (Hart and Staveland, 1988), followed by an extensive 
mixed methods usability study was performed to evaluate the usability, 
effectiveness, affectivity, and impact of the proposed system in 
comparison to the traditional BBUltra used in distance mode. The 
user study enrolls participants from different academic levels and four 
courses in computer science, graphic design, multimedia design, and 
a general university requirement course in information technology. 
Using a range of qualitative and quantitative methods, the collected 
data from several instruments were then presented and discussed 
followed by conclusions of the study.

The main contributions of our work are:

 1. Developed a new structural model to statistically validate the 
interactions and significance of the leveraged platform on 
students’ engagement and outcomes fulfilment.

 2. Designed a novel collaborative ubiquitous immersive metaverse 
environment deployed with WebGL and WebXR for wider 
support and compatibility along with relevant assets and 
educational materials related to the selected domain 
of knowledge.

 3. Performed a comprehensive user study to evaluate the usability 
and effectiveness and learning impact of the proposed platform 
in comparison to traditional BBUltra.

In the following sections, we first present the devised research 
model and hypothesis. Followed by the design and development of the 
proposed environment with a brief view of the domain-specific 
experiments prepared for the participating students. Finally, the 
results are presented together with a detailed discussion, followed by 
conclusions, limitations, and future work.

Research model

Based on the literature discussed in the introduction, there has 
been a clear consensus on the role of engagement in educational 
systems regardless of the mode of delivery, in person, at a distance, or 
within an immersive environment. To effectively compare the 
leveraged abilities of the examined environments, BBUltra and EduX, 
we had to evaluate beyond traditional usability metrics or system 
acceptance because engagement as a dependent variable might appear 
to be influenced by several independent variables, the interplaying 
relationships among which had to be evaluated to explore the extent 
to which they are affecting the outcome (Xu and Yang, 2024).

The value of metaverse in transforming a traditional real-
world experience, be it educational, or business has been an active 
area of study. As shown by Mancuso et al. (2023), metaverse can 
transform real-economy to a virtual-economy in a very successful 
manner. Recent studies compared the differences in retail channels 
when they are offered in three-dimensional virtual world 
compared to a traditional website (Zarifis, 2019). A similar study 
in the transformation of an educational environment is currently 
lacking, and it is important to not only deploy a traditional 
educational environment in metaverse but also analyze it from 

multiple viewpoints and relationships to correctly identify its 
feasibility and effectiveness (Collazos et  al., 2007; Xu and 
Yang, 2024).

NASA Task Load Index (TLX) is a subjective workload assessment 
tool developed by the National Aeronautics and Space Administration 
(NASA) (Hart and Staveland, 1988). It has been widely used in various 
domains, including aviation, healthcare, and human-computer 
interaction, to evaluate task demands and inform design 
improvements. A later update on the work (Hart, 2006) identified 550 
studies in which NASA-TLX was used either as devised or in 
modified adaptations.

The TLX consists of six measures that assess different dimensions 
of workload, including mental demand (including cognitive 
processing, decision-making, and information processing), physical 
demand (extent of physical exertion and effort required to perform 
the task), temporal demand (the perceived time pressure or time 
constraints associated with the task), performance (the individual’s 
perception of their perceived effectiveness, accuracy, and success in 
accomplishing the task), effort (overall level of effort, both mental and 
physical), and frustration (the degree of annoyance, stress, and 
dissatisfaction experienced). Each measure is rated by users on a scale 
from 0 to 100, with higher scores indicating a greater workload 
(NASA, 2020).

The devised model which forms the basis of our usability 
evaluation for this work is illustrated in Figure 1. We combine the 
model factors into two groups to expose internal interplaying 
relationships which we  assume are mediated by different factors 
(MacKinnon, 2000). The first group is related to the perceived mental 
demand based on the exerted physical demand and mediated by 
temporal demand. The second group is devised to evaluate the 
perceived performance based on the efforts exerted and mediated by 
frustration. However, based on its established value in the literature 
(Garduño et al., 2021; Fredricks, 2022; Pimentel et al., 2022), and 
informed by the role of epistemic curiosity and situational awareness 
(Cheng et al., 2023), we added “engagement” as another factor that 
we believe will be dependent on the interactions of the two groups 
mentioned earlier. Users’ scores for the seven factors are collected after 
each session and several statistical methods are used to evaluate the 
interplaying relationship in effect, and we compare that to the results 
attained in the formal post-assessment for further validation. 
Additionally, we triangulate the results obtained with other collected 
data including qualitative visual analysis of participant behaviors, 
actions, and movements and the artefacts that they create in space 
(Gong and Xiang, 2011).

The main hypothesis of the work is pivoted around the 
engagement of students during the sessions which we believe can 
significantly influence students’ attainment of the learning objectives 
measured using a post-assessment test.

System design and implementation

Our system had several challenges to overcome, most of which 
were related to the deployment options to ensure the maximum 
accessibility and compatibility of the platform. The development 
engine of choice was settled for Unity due to the versatile capabilities 
and wide plugin extensibility that support the development of the 
desired functionalities.
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Our motivation for this work is to substantiate the value of the 
proposed system in comparison with the traditionally used 
conference-based educational tools. Therefore, the design of the space 
includes wider spatial and structural components to host the planned 
educational sessions. One of the generic environments is similar to a 
traditional class as shown in Figure 2.

To design an interactive, collaborative, and immersive system, 
several tools and technologies were used, most of which were tightly 
integrated within Unity’s echo system. Unity’s XR Interaction Toolkit 
(Unity, 2019) enabled a wide range of interactions, haptics, and object 
manipulation all within a device-independent framework for both 
VR and AR.

For networking and real-time multi-user voice support, Photon 
Unity Networking (PUN) was implemented allowing simultaneous 
interaction between multiple devices over the network (PUN, 
2021). Developed as a cross-platform framework, contributed 
immensely to the fulfilment of the aspired platform. As part of the 
planned deployment for different educational domains, we created 
different scenes in the platform equipped with different objects and 
materials that were modelled in Blender® and 3Dshapr® as per the 
scenario of the intended topic, the details of which will 
be presented next.

As for the avatar creation process, we used the Ready Player Me 
plugin for Unity (RPM-Unity, 2021). To translate participants, walk, 

jump, and other expressive moves (dancing, cheering, etc.) with the 
avatars, we  used the Adobe Mixamo plugin within Blender to 
automate the process. Several other features were also added to the 
platform including but not limited to importing documents, 3d 
objects, images, video, audio, post-it notes, emojis, drawing simple 3d 
mesh in space, and an embedded browser container to call different 
web resources if, and when needed.

The prototype was then deployed over a private web server 
allowing participants to join the sessions as shown in Figure 3.

Designing the educational sessions 
experiments

The designed materials for each of the topics included in the study 
were based on the provided materials used by instructors during a 
typical BBUltra session, such as presentations, videos, and additional 
reading materials.

The first experiment was designed for a graphic design course 
addressing the concept of design processes for visual materials. The 
experiment space in Figure 4 was designed to represent the design 
process phases from a design brief, visual research, and final concept 
development. Several examples of previous work for students at the 
same levels were exhibited and upon concluding the short 

FIGURE 1

The devised research model adapted from NASA TLX.

FIGURE 2

EduX: a generic classroom environment.
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introduction, students toured the space following the instructor in a 
virtual journey through the process anchored in materialized 
examples. Some of the exhibited work included additional video and 
visual iterations illustrating the progress available for students to 

view on demand, as the space was made available for them before 
and after the actual session time, as is usually the case with different 
educational materials shared with students using typical 
LMS systems.

FIGURE 3

Joining EduX session hosted on a private server.

FIGURE 4

Overview of the first experiment space for the graphic design course (some parts are overlayed with a grey rectangle to maintain the anonymity 
of the work).
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The second experiment was prepared for a foundational course in 
computer science (problem-solving) as shown in Figure 5. The course 
preceded core programming courses in the program, and the topic 
was related to multidimensional arrays. The experiment included a 3d 
cube used to illustrate three-dimensional arrays, in parallel to an 
embedded browser with live JavaScript code and a visual compiler 
(p5js.org) to reflect the changes made for the array’s components, 
locations, and values.

The third experiment included a topic on animation design 
(Figure 6), one of the areas covered within an Interactive Multimedia 

course. The experiment included different 3D models imported into 
space to demonstrate functions related to rigging and kinematic 
animation, next to videos and other visual materials.

The fourth experiment was prepared for one of the general 
university compulsory courses on information technology presenting 
the structure and networking of the internet. The space in Figure 7 was 
prepared with several models representing different nodes and 
network devices involved in daily communication. The instructor and 
students used different annotation tools in the space to trace 
connections between a client request and a server response.

FIGURE 5

Overview of the second experiment space for the problem-solving course.

FIGURE 6

Overview of the third experiment space for the interactive multimedia course.
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User study

In the user study, the system was evaluated in terms of its 
perceived usability factors that were devised in the proposed 
research model to encourage further engagement during the 
educational sessions. The consented participants who signed up to 
join the experiments were informed of the project goals where the 
collected data are encrypted and securely saved to be only accessed 
by the researchers for analysis purposes. Upon the concluded 
sessions, participants were asked to complete a form to mark the 
perceived score\value for each of the seven variables namely: 
mental demand, temporal demand, physical demand, efforts, 
frustration, performance, and engagement, all ranked from 1 to 10. 
Students were briefed on the connotation of each factor. An 
additional text field was also provided to participants to leave 
open-ended reflections and feedback about the user experience 
(UX) and other issues. Participants were then directed to complete 
a short post-assessment test on the educational topics presented 
during the session.

Direct and indirect observations were collected during the live 
and recorded sessions to help interpret some of the behaviors 
observed. Ten random students were also called for a follow-up 
discussion using a semi-structured interview format. Finally, students’ 

results in the post-assessment test were used to corroborate as a 
measure of the effectiveness of the system as a learning tool, and its 
impact on learning.

To test the system, we enlisted the help of n = 396 participants over 
three academic semesters, with a median age of 20 years old. Gender 
proportions were approximately equal with a slightly higher number 
of females. Students registered in these courses were randomly split 
between the control BBUltra and the EduX groups. Further 
demographic details are provided in Table 1. Henceforth, the groups 
are tagged with EduX-# to identify the EduX metaverse groups, and 
BBUltra-# for the BBUltra groups.

As can be seen in Table 1, the number of participants over three 
academic terms allowed us to collect sufficient data that will 
be  validated through different statistical methods. The higher 
number of participants allowed us to run the experiment in bigger 
collaborative groups. The first two groups were a combination of 
results gathered over two different terms, while the last two groups 
were conducted in the same academic term. For each session, the 
instructor explained and demonstrated the communication tools 
and features of each platform, including but not limited to how to 
interact in the session (how to add, remove or manipulate objects, 
how to ask questions, etc.). The instructors would then start the 
educational sessions during which students are encouraged to 

FIGURE 7

Overview of the fourth experiment space for the information technology course.

TABLE 1 Groups formation and distribution.

Domain of knowledge Group details Female Male Total EEG tested

Graphic design
Group EduX-1 38 28 66 4

Group BBUltra-1 34 32 66 4

Problem solving
Group EduX-2 27 24 51 2

Group BBUltra-2 18 33 51 2

Interactive multimedia
Group EduX-3 20 19 39 2

Group BBUltra-3 20 19 39 2

Information technology
Group Edux-4 24 18 42 2

Group BBUltra-4 24 18 43 2

Total 205 191 396 20
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be active and use the demonstrated tools and features incentivized 
by offering an active engagement percentage to their grades in 
the course.

One passive observer joined every group session without any 
interference to record users’ interactions, collaborations, exploration, 
and similar observational data for later analysis. These interactions 
were noted when students engaged with each other verbally to discuss 
the experiment or helped their fellow students to move and explore 
the space. At the end of each session, students were guided to complete 
the usability metrics devised for this work followed by a short post-
assessment test.

The devised survey along with all the quantitative and qualitative 
results are presented in the next section.

Results and discussion

As explained in the previous section, different quantitative 
and qualitative data were obtained from both controlled (BBUltra) 
and experimental (EduX) sessions. Participants were asked to 
complete a form to mark the perceived score for each of the seven 
variables namely: mental demand, temporal demand, physical 
demand, efforts, frustration, performance, and engagement, all 
ranked from 1 to 10. The post-assessment was performed at the 
end of sessions and mapped to the same scale of 1–10. The overall 
data was analyzed from multiple viewpoints. This allowed us to 
first evaluate the validity of the devised research model and 
hypothesis as proposed and then investigate different factors’ 
interactions and their significant impact on the overall attained 
learning outcomes. In general, all students were familiar with the 
BBUltra system as a distance LMS system, and we hypothesized 
that the EduX will have significant differences not only in terms 
of the attained learning outcomes but also within the perceived 
user experience and overall fulfilments. Additional views are also 
evaluated in terms of affectional influence. Once again, the null 
hypothesis states that the devised usability factors are perceived 

similarly with no statistically significant differences between the 
two platforms.

In this section, we will present a detailed evaluation of the devised 
research model, followed by a detailed discussion of the work, its 
limitations, and conclusions in the next section.

The devised research model evaluation

The acquired data allowed us to first evaluate the validity of the 
devised research model and hypothesis as proposed and then 
investigate different factors’ interactions and their significant impact 
on the overall attained learning outcomes. We evaluated both systems 
separately. The means for each factor for the EduX platform can 
be seen in Figure 8, whereas the means for each factor for BBUltra can 
be seen in Figure 9. Figure 10 shows the combined means of both 
groups for an overall comparison.

To understand the differences exhibited in Figure 10, observation 
data and participant feedback gathered from the survey and interviews 
indicated that while participants within EduX groups indicated higher 
physical demand, the actual activity was perceived by proxy through 
their avatars as they followed the instructor and peers within the 
virtual space. Hence, we concur that participants wanted to move 
around and direct their focus on areas, elements, or objects, other than 
the one that could be highlighted by the instructor or a shared screen 
for lecture materials within specific fixed x-y screen coordinates.

As can be seen in the results, there is a significant difference (27%) 
in post-assessment results between EduX and BBUltra. A single-factor 
ANOVA has shown that there is a significant difference between the 
categorical variable Group and the variable Post Assessment F = 29.94, 
and a p  < 0.001 (Table  2). Thus, the null hypothesis is rejected 
indicating a strong interaction between the platform used and post-
assessment results.

The results also show that the physical demand for BBUltra was 
very low as expected, but its Temporal demand was slightly higher. All 
the factors except temporal demand were found to be significantly 

FIGURE 8

Means comparison all variable – EduX.
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different statistically using the ANOVA test. For BBUltra, the temporal 
demand was noted to increase as they try to catch up with the ongoing 
discourse of the session in case they zone-out.

Similar to the post assessment, there is also a significant difference 
(26%) in engagement results between EduX and BBUltra. A single 
factor ANOVA for the engagement over both platforms, F = 21.08, 
p  ≤ 0.001, also clearly shows a statistically significant difference 
(Table 3). This is further explained by some of the feedback collected 
from the semi-structured interviews where BBUltra participants 
noted that they did not feel that the platform offered comparative 
means to be engaged or excited about the topic in discussion. Hence, 
we  maintain the reported results from the combined groups to 
be sufficiently representative of the finding.

Finally, a Pareto diagram of standardized effect is provided in 
Figure 11 to highlight the relative comparisons of such influence when 
compared to the other variables. The results here are seen as a positive 
confirmation supporting the earlier justification for adding 
engagement and an additional variable within the devised research 
model since it acts as a collective aggregator for the interplaying 
influences between the six variables in the initial NASA TLX model.

Additionally, to confirm the insight left by participants, we looked 
at the recorded video to make sense of movements within the virtual 
space which indeed were used by instructors to recharge focus and 
keep students moving between objects or elements of knowledge 
within the virtual space. Compared to the parallel sessions within 
BBUltra, where instructors were limited by sequential use of the same 

FIGURE 9

Means comparison all variable – BBUltra.

FIGURE 10

Combined means – EduX versus BBUltra.
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FIGURE 11

Pareto diagram of standardized effect.

fixed space as the window/screen shared among participants. Hence, 
with students trying to remain actively involved, within BBUltra this 
was made difficult for them, and as they tried harder as marked by 
their perceived effort scores, they slowly felt frustrated and as indicated 
by one of the participants “felt like phasing out” as an indication of 
disengagement. We believe the sense of movement within space is 
critical and would be of greater value to be explored in future research 

as we intend to implement an automated log for gaze and heatmaps 
for all participants within the virtual space. Our results also align well 
with the CSCL theory results as presented by Collazos et al. (2007). 
The feedback and analysis clearly show the effectiveness of a 
collaborative environment that validates that students not only learn 
from the instructor but observing and learning from their peers is an 
equally important aspect of the educational process. We would like to 

TABLE 2 One factor ANOVA – post assessment.

Variables Platform N Mean SD F, η2

Platform and post assessment EduX-1 66 7.07 2.51 29.94, 0.35

BBUltra-1 66 4.73 1.83

EduX-2 51 7.95 1.32

BBUltra-2 51 4.33 1.56

EduX-3 39 7.9 2.23

BBUltra-3 39 4.64 2.13

EduX-4 42 7 2.81

BBUltra-4 42 3.74 2.73

TABLE 3 One-factor ANOVA engagement.

Variables Platform N Mean SD F, η2

Platform and engagement EduX-1 66 6.94 2.9 21.0, 0.28

BBUltra-1 66 4.53 2.49

EduX-2 51 8.2 1.3

BBUltra-2 51 4.25 2.28

EduX-3 39 8.21 1.98

BBUltra-3 39 5.31 2.28

EduX-4 42 6.79 3.02

BBUltra-4 42 4.79 2.88
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integrate additional tools to measure the effectiveness of collaboration 
among students to further increase students’ collaboration within the 
EduX environment.

To conclude with the results, we also tested if gender as a variable 
had a different influence on the results discussed so far. There has been 
a number of studies that have analyzed differences due to gender when 
it comes to technology and education (Zhou and Xu, 2007; Tondeur 
et al., 2016; Punter et al., 2017; Reychav and McHaney, 2017). As some 
of the studies found gender specific differences in the educational 
technology adoption, we found it imperative to analyze EduX from 
this point of view. A two-tailed t-test for independent samples (equal 
variances not assumed) showed that the difference between females 
and males with respect to the dependent variable Engagement was not 
statistically significant, t(382.41) = 1.05, p = 0.296, 95% confidence 
interval [−0.27, 0.88]. The same was observed with respect to Post 
Assessment with t(375.61) = 1.17, p = 0.242, and a 95% confidence 
interval (Table  4). Therefore, in both tests, the null hypothesis is 
retained with no proven significance for gender as an independent 
factor. This result is in line with recent literature in XR and 
collaborative education (Ahmed and Lataifeh, 2023).

Having discussed various aspects of the results, the following 
section will present the conclusion of this work.

Conclusion

This work presents “EduX,” a networked, collaborative, ubiquitous, 
and immersive platform for educational content dissemination using 
metaverse. The proposed platform allows the hosting of educational 
sessions in a virtual environment without the constraints and 
limitations of a physical educational environment and in addition to 
traditional interaction mechanisms, also provides multiple types of 
spatial interactions within the metaverse for both instructors and 
students. We employed NASA Task Load Index and devised a novel 
research model that measures temporal demand using physical and 
mental parameters, along with the frustration level using effort and 
performance metrics to evaluate the user’s engagement level, which is 
then estimated based on post-assessment results. The devised research 
model allowed us to statistically validate the interactions and 
significance of the leveraged platform on students’ engagement and 
learning outcomes fulfilment.

We presented a very comprehensive evaluation of our devised 
research model from multiple viewpoints. We employed four unique 
scenarios with different learning goals for the user study deployed on 
both EduX and BBUltra platforms. A large-scale user study (n = 396) 
over multiple terms was conducted to collect both qualitative and 
quantitative data. Both EduX and BBUltra platforms were compared 
with respect to each scenario and showed significantly improved usability 
and user experience along with a higher level of engagement and lower 
level of frustration for the EduX. In addition, our results do not show any 
differences in terms of gender when it comes to using the metaverse.

Throughout the presented cycles for developing and evaluating 
the proposed functionalities within the metaverse, we would like to 
emphasize the critical need for solution providers (hardware and 
software) to converge toward a homogenous instead of proprietary 
systems that are often seen as an impairment for further exploration 
across different platforms and devices. Whether it is education, 
gaming, or social applications; to prototype and evaluate new systems 
in the metaverse we  foresee an open, flexible, cross-compatible 
platform to empower educators, to create, interact, and deploy.

We would like to extend our work to strengthen some of the 
aspects of the system related to educational scenarios and the 
underlying metaverse platforms. Even though we employed four 
unique learning scenarios, the courses were confined to 
information technology and multimedia-related subjects. This is 
not a principal limitation of the work as the acquired knowledge 
and measured parameters are generic and invariant of the 
underlying subject. Nevertheless, for future work, we plan to add 
multiple learning scenarios from wider domains including but not 
limited to medical, business, literature, and social sciences to 
further strengthen our work. We  would also like to further 
improve EduX by incorporating both augmented and mixed 
reality scenarios to rectify the current limitation of only using a 
complete virtual environment. Work is underway to also include 
biometric data including EEG, including an eye gazing sensor to 
capture different users’ parameters (gaze, fixation, and saccades 
within 3D environment). We are also testing the system with new 
XR devices that allow the integration of other sensors for heart 
rate, and facial camera sensors upon which the inferential 
confidence of cognitive states for users shall be better informed. 
We  also plan to introduce and integrate further tools and 
enhancement that will encourage students’ collaboration and 
measure the collaborative activities to further strengthen our 
analysis of the collaborative environment.

Despite the limitations, our work shows that the ubiquitous 
immersive metaverse is a viable platform for educational content delivery 
as compared to traditional two-dimensional methods. Our proposed 
platform EduX shows that it results in higher engagement, and lower 
frustration, while also providing superior usability and user experience.
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