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ABSTRACT

The Meta Horizon Workroom (MHW) provides an immersive environment for team-based learning (TBL). This study evaluated
its effectiveness in teaching pharmacology, emphasizing engagement, collaboration, and learning, aiming to assess the potential
of MHW in enhancing the learning experience. A pilot study was conducted with Kent and Medway Medical School (KMMS)
Year 4 medical students using Meta Quest 2 virtual reality (VR) headsets. Students participated in a virtual TBL session via
MHW after a preparatory phase that included studying assigned materials. The session centered on an application exercise,
which forms the core of TBL, and focused on solving a pharmacology-focused case scenario. Data collection involved 5-point
Likert-scale and open-ended questions. Descriptive and thematic analyses were performed to assess levels of engagement, col-
laboration, and learning of pharmacology concepts. Quantitative data indicated that 5 of the 7 participants found the MHW TBL
approach more engaging than traditional TBL methods. Furthermore, 6 of the 7 viewed the platform as a potential game-changer
for pharmacology education due to its interactive features. Qualitative feedback emphasized the benefits of interactive tools,
peer-to-peer learning, and easy access to resources during discussions. However, some challenges, including technical issues
during the session, were reported. The findings demonstrate the transformative potential of MHW for pharmacology education,
offering an engaging, collaborative, and innovative learning platform. While technical challenges need addressing, this pilot
study underscores the value of integrating VR into medical education. This foundational work highlights the promise of immer-
sive virtual environments in revolutionizing pharmacology teaching.

1 | Introduction growing trend of digital learning tools being used to enhance
student engagement and knowledge acquisition [2]. Parong and
The rapid advancement of digital technology has profoundly im- Mayer [3] demonstrated that immersive technology fosters ac-

pacted various fields, including medical education. One of the tive participation and reduces cognitive overload by allowing
most promising developments in this regard is the use of virtual students to interact with 3D models. This insight is particularly
reality (VR) platforms to facilitate collaborative learning [1]. relevant in pharmacology, where understanding complex drug
The integration of VR into medical education aligns with the interactions and mechanisms is crucial for clinical practice.

Abbreviations: KMMS, Kent and Medway Medical School; MHW, Meta Horizon Workroom; TBL, team-based learning; VR, virtual reality.
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The Meta Horizon Workroom (MHW) is a cutting-edge vir-
tual collaboration space in the metaverse designed to facili-
tate remote teamwork, discussion, and learning [4]. MHW has
the potential to enhance engagement and learning through its
interactive and realistic simulations. One of the key advan-
tages of MHW is its ability to foster active learning [5]. This
is supported by its design, which promotes direct interaction
with content and peers, thereby encouraging deeper cognitive
processing. The interactive features of MHW inherently sup-
port these principles, fostering environments where students
are actively engaged in problem-solving and critical thinking
rather than passive reception [5]. Research has shown that
active learning strategies lead to better knowledge retention
compared to passive learning approaches [6]. By immersing
students in a virtual environment, MHW encourages them to
engage with learning materials actively rather than passively
absorbing information.

Team-based learning (TBL) is an active learning and instruc-
tional pedagogy that provides students with opportunities to
apply conceptual knowledge through a sequence of activities
that includes individual work, team work, and immediate feed-
back [7]. Unlike traditional TBL, in which students interact in
a physical classroom, MHW allows learners to engage in inter-
active discussions, share resources, and collaborate in a virtual
space using VR headsets. By integrating visual aids, interactive
tools, and a dynamic team-based structure, MHW has the po-
tential to revolutionize how pharmacology is taught to medical
students. Traditional TBL methods faced communication, dis-
engagement, and unequal participation barriers [8]. While tradi-
tional TBL can be effective, it sometimes lacks the dynamic and
immersive elements that virtual platforms can offer, particularly
for distributed teams or where physical interaction is limited.
The design of MHW allows for more fluid and integrated inter-
action, which can address some of the limitations of traditional
TBL in fostering a continuously dynamic team environment.
Specifically, traditional TBL environments can pose challenges
for facilitating equitable participation among all students, espe-
cially in larger groups, and may not fully cater to diverse learn-
ing styles through varied interactive modalities. MHW seeks to
mitigate these issues by providing a highly interactive and en-
gaging virtual space. Being in a setting in which students can
experience VR, it can enable them to feel more immersed, en-
gaged, and participative due to its presence and interactive na-
ture [2].

Further research is needed to determine whether VR can in-
crease engagement and collaboration in TBL environments
effectively. Although previous studies have shown that VR is
useful for medical education [2, 9], the research impact of using
MHW in teaching pharmacology remains insufficient. The
aim of this initial exploratory study was to investigate how the
utilization of TBL in a virtual environment via MHW affected
the effectiveness of teaching pharmacology, as perceived by the
students. This study aimed to provide insights that may con-
tribute to the growing body of research in this area and high-
light the need for further investigation. The objectives were to
identify the engagement, collaboration, and learning among
participants, including any barriers or challenges as perceived
by themselves.

2 | Methods

Ethical approval for this study was obtained from the KMMS
REAG (Research Ethics Advisory Group) (Approval ID:
2405009). A pilot study was conducted with KMMS Year 4 med-
ical students using Meta Quest 2 VR headsets. Students were
recruited via an open invitation email sent to the entire Year 4
medical student cohort at KMMS. Recruitment advertisement
was also published in student newsletter. Participation was
voluntary, and the VR activity was conducted in a dedicated
simulation suite during a scheduled non-curricular session.
Inclusion criteria for participants were enrolment as a Year 4
medical student at KMMS, participants comfortable in immer-
sive technology and voluntary consent to participate. Exclusion
criteria included any self-reported history of severe motion
sickness or neurological conditions that might be exacerbated
by VR use. The TBL session lasted for approximately 60 min,
comprising a 10-min introduction and VR headset training, a
40-min application exercise and discussion, and a 10-min post-
session questionnaire. Faculty members (instructors) were
present within the MHW session to facilitate discussions and
provide immediate feedback. The application exercise primar-
ily involved teamwork, where students collaborated to solve a
case scenario; however, initial reading of assigned materials
was an individual preparatory task. Students participated in a
virtual TBL session via MHW after a preparatory phase that in-
cluded studying assigned materials. The session centred on an
application exercise, which forms the core of the TBL approach,
and focused on discussing questions around a pharmacology-
focused case scenario. All students had prior on-campus TBL
experience and sufficient pharmacology knowledge from their
first 3years of study. The assessment of “sufficient pharmacol-
ogy knowledge” was based on successful completion of prior
pharmacology modules in their curriculum, ensuring partici-
pants had foundational understanding relevant to the case sce-
nario which revolves around hypertension and its treatment.
This was a pragmatic approach for a pilot study to investigate
the intervention's effects in a controllable manner, acknowl-
edging that future, larger studies would explore broader
applicability.

On the day of research, all students completed a cybersickness
questionnaire as it has been published that use of VR could
cause cybersickness symptoms, for example headache, distress,
or general discomfort [10]. Afterwards, a brief MHW and VR
headsets training was provided to all students. They then im-
mersed themselves in MHW along with the faculty members.
There they created their Avatar (Figure 1) and engaged in the
TBL application exercise. On completion, all students and fac-
ulty members left MHW and completed the cybersickness
questionnaire and a separate questionnaire related to their ex-
perience in MHW.

Data collection involved both quantitative and qualitative
methods. A 5-point Likert scale questionnaire assessed stu-
dents' perception of engagement, collaboration, and learn-
ing effectiveness. A fixed 5-point Likert scale (1 =Strongly
disagree, 2=Disagree, 3=Neutral, 4=Agree, 5=Strongly
agree) was used, with no intermediate values. Averages for the
Likert scales were calculated and plotted as a graph (Figure 3).
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FIGURE1 | Students participation in Team-based learning (TBL) via Meta Horizon Workroom (MHW). Once students entered inside the MHW,
they created their own Avatars as shown above and started a discussion on the pharmacology clinical case scenario. The figure shows students-

created Avatars and discussion among each other in the MHW environment. No identity of student is revealed in the avatar.

Quantitative responses were analyzed using descriptive sta-
tistics and presented in the form of a figure (Figure 2). The
open-ended questionnaire provided qualitative insights into
the strengths and challenges of the virtual TBL experience.
Qualitative data was subjected to thematic analysis via NVivo
version 14 [11], categorizing responses into themes: engage-
ment, collaboration, motivation, and challenges. The thematic
analysis process involved an inductive approach. Two inde-
pendent researchers (A.K. and S.S.) read through all open-
ended responses to gain an initial understanding. They then
discussed initial codes generated by NVivo software, which
were then refined to develop broader themes. Any discrepan-
cies in coding were resolved through discussion until a con-
sensus was reached.

Teamwork and collaboration were primarily evaluated
through self-reported student perceptions via the Likert scale
questionnaire, specifically statements addressing collabo-
rative skills and communication within MHW. While direct
comparative data to traditional TBL activities was not col-
lected in this pilot, the student perceptions offer insights into
the perceived improvement within the MHW environment.
The open-ended questions and initial codes used in this study
are available as Data S1.

A total of eight students were recruited for this pilot study. This
study’s decision to only enroll 8 participants is supported by prag-
matic factors resulting from resource limitations. The choice to
maximize resources is influenced by the requirement for costly
equipment and intensive training due to the MHW technology
and TBL methodology. This reduced sample size manages the
budgetary consequences of the expensive Oculus VR headset
and participant training while enabling more effective use of
staff and time. The decision is further supported by the lim-
ited availability of participants who possess pharmacological

competence, which guarantees a targeted investigation of the
intervention's effects in a reasonable and controllable way. This
method, as a pilot study, fits with the exploratory character of
determining viability, acceptability, and possible results prior to
expanding the investigation.

3 | Results

The results are based on data collected from 7 students as one
student did not complete the questionnaire. The cybersickness
questionnaire did not show any concern for any student pre and
post MHW exposure.

3.1 | Quantitative Data Findings

Five of the 7 students believed MHW-based TBL was more
engaging, enjoyable, and motivating to learn complex con-
cepts compared to what they experienced in traditional TBL.
Moreover, 6 of the 7 students found the VR environment in-
teractive and collaborative and recommended using MHW in
future pharmacology courses, while 4 of the 7 agreed (remain-
ing 3 strongly agreed) that MHW could be a game changer in
pharmacology education. Overall, 4 of the 7 students agreed,
while the remaining 3 strongly agreed, that they were satis-
fied with their experience of using MHW for TBL (Figure 2).
Students emphasized the ability to see and interact with
peers in a shared virtual space as a key factor in their posi-
tive experience. The analysis of the Likert scale data reveals
a mean score of approximately 4.00, suggesting that respon-
dents generally provided positive or moderately high ratings
(Figure 3). Technical issues, including audio distortions and
problems logging in during the session, were reported by some
participants.
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1. MHW TBL more engaging than traditional TBL

2. MHW environment improved collaboration

3. MHW improved understanding of pharmacology concepts

4. MHW could increase student participation

5. MHW could be a game changer

6. MHW hindered communication

7. Instructors facilitated session well

8. Recommend MHW in future pharmacology courses

9. Learning via MHW is fun & helps with complex concepts

10. Overall satisfied with MHW TBL experience

11. Teaching via MHW helps understanding of difficult concepts [

12. Technical challenges addressed effectively

FIGURE 2 |
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Questionnaire responses (from 7 students) on the effectiveness of Meta Horizon Workrooms (MHW) in pharmacology team-based

learning (TBL). The figure presents the distribution of student responses across a 5-point Likert scale for various questions (Strongly disagree to
Strongly agree shown as color coded where yellow depicting neutral while light blue as Agree and dark blue as Strongly agree).

3.2 | Qualitative Data Findings

The following themes were generated.

3.2.1 | Theme: Engagement and Retention

Students described MHW TBL as highly engaging, attributing
it to the immersive, distraction-free environment. One student
(S1) stated, “I feel the way we could engage more as a group
means it will be a learning experience in which more infor-
mation is retained due to the unique nature of the way the
content is delivered and how we all collaborated to answer
the questions.” Moreover, students reported better retention of
pharmacology concepts. The interactive tools within MHW,
such as the ability to display 3D models and collaborative
whiteboards, supported visual learning and active engage-
ment. One student (S2) noted, “The metaverse (MHW) is very
immersive. It helps to engage students because of its interac-
tive elements, like being able to manipulate virtual objects
and write on shared whiteboards.”

3.2.2 | Theme: Collaboration and Communication

The ability to share digital resources in real-time enhanced
peer collaboration using VR was noted by a lot of the respon-
dents as being one of the ways in which VR was positive.
One student (S3) said, “Very useful to see people in the Meta
Horizon Workroom and interaction made this more engag-
ing and was easy to collaborate with shared documents and
presentations.”

Other student (S4) said, “it boosted teamwork among peers and
easy to communicate compared to classroom TBL.”

3.2.3 | Theme: Motivation and Enthusiasm

The novelty factor embedded in MHW acted as a leading force
that boosted student motivation. Several students relayed that
the virtual space works like a video game which brings both
educational enjoyment and interest to learning. A student
(S5) described, “It made the teaching more fun, engaging and
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FIGURE 3 | Average response analysis of Meta Horizon Workroom (MHW) team-based learning (TBL) in pharmacology education. This graph

illustrates the mean scores of student responses across various criteria, inclu

ding engagement, collaboration, conceptual understanding, and overall

satisfaction. The data collected using a 5-point Likert scale (1 =Strongly disagree; 2 =Disagree; 3=Neutral; 4= Agree; 5=Strongly agree) highlights
the perceived effectiveness of the virtual environment in enhancing the learning experience.

stimulating. Due to the new experience the memory of teaching
is more vivid and will stick in my mind for longer.”

3.2.4 | Theme: Technical Challenges

The system provided several advantages to students, but they
faced minor usability problems such as echo, together with login
processing difficulties. These issues, although minor, were men-
tioned by 2 participants and therefore warranted identification
as a distinct theme reflecting barriers to a seamless user experi-
ence. A student (S6) said, “I struggled with echo and login which
stopped me from fully engaged with the TBL however once its
sorted out by faculty member then it was fine.” One student (S7)
reported difficulty with VR interface initially but after provision
of support the student engaged with the learning experience.

4 | Discussion

The findings of this study align with previous research that
highlights the advantages of VR-based learning in medical ed-
ucation. Studies such as those by Lavoie et al. [12] and Parong
and Mayer [3] have demonstrated that immersive environments
can improve student engagement and knowledge retention com-
pared to traditional teaching methods. In our study, 5 of the 7
students found MHW-based TBL more engaging, reinforcing
the fact that interactive and immersive platforms can enhance
the learning experience. Moreover, collaboration and team-
work were positively influenced, a result that mirrors findings
from research by Jensen and Konradsen [13], who reported that
VR environments facilitate better peer-to-peer learning and

communication. The ability to interact in a simulated clinical
setting helps students develop critical thinking and problem-
solving skills, essential for medical education.

Our study aligns with research done by Radianti et al. [14],
which found that the use of VR in higher education enhances
knowledge retention by allowing students to engage with ma-
terial more interactively. Students in our study highlighted the
benefits of interaction, which contributed to a deeper under-
standing of pharmacology concepts. While direct measurement
of knowledge retention was beyond the scope of this pilot study,
our findings on enhanced engagement and deeper understand-
ing suggest a mechanism through which retention could be
improved, consistent with the literature. Additionally, the appli-
cation exercise in this TBL session included knowledge-based
questions, and students’ discussions during these exercises
demonstrated improved recall and conceptual understanding
of key pharmacological principles. This further supports the
potential of VR to enhance retention through active learning.
A broader review of medical education literature further sup-
ports these findings. For example, a systematic review by Kyaw
et al. [9] on digital learning tools in medical education found
that VR-based methods were superior to traditional formats in
improving both short- and long-term retention of information.
Similarly, Hamilton et al. [15] argued that VR-based simulation
training can enhance students’ confidence and preparedness
for real-world clinical practice. Our findings, which indicate a
higher level of engagement and participation in a virtual learn-
ing environment, further support these observations.

Another important aspect of our study was the perceived posi-
tive influence on collaboration through VR. Previous research
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by Dinca et al. [16] and Mcgrath et al. [17] using virtual reality
simulation environments has shown that TBL in virtual envi-
ronments fosters more equitable participation among learners,
as VR settings reduce social anxieties associated with speaking
in front of peers. This aligns with our findings, where students
reported that their teamwork and communication within the
virtual setting were positively influenced compared to tradi-
tional classroom-based TBL.

Consistent with studies such as those by Kyaw et al. [9] our
findings also reveal some technical challenges with VR tech-
nology. These challenges indicate that while VR-based learning
is highly effective, its integration into medical education re-
quires further refinement to address technological barriers and
improve user experience. According to Jensen and Konradsen
[13], ensuring adequate training and user support is crucial in
overcoming the initial learning curve associated with VR adop-
tion. Our study reinforces this, as one student who struggled
with VR echo and login disengaged in the learning experience
initially. Audio distortions and problems logging in were the
most reported issues. One student (S7) initially faced challenges
with the VR interface, but after receiving support, they were
able to engage effectively with the learning experience. Future
VR applications in medical education may need to incorporate
adjustable display settings and built-in breaks to mitigate these
issues.

Despite these challenges, the results of this study underscore
the potential of MHW to transform pharmacology education by
offering an engaging, interactive, and collaborative learning en-
vironment. By linking our findings with existing literature, we
affirm that MHW-based TBL can enhance engagement, team-
work, and knowledge acquisition, making it a valuable tool in
modern medical education. The scalability of MHW for larger
cohorts of students presents both opportunities and challenges.
While the virtual environment can theoretically accommodate
many users, practical considerations such as the availability of
VR headsets, technical support infrastructure, and the logistics
of managing numerous simultaneous sessions would need care-
ful planning and investment. Future research would be required
to develop strategies for scaling up this pedagogical approach
effectively.

5 | Limitations

Firstly, our sample size was relatively small, limiting the gen-
eralizability of the findings. This does not represent the whole
cohort of the students having approximately 82 students. As
mentioned before, a small sample was chosen for this pilot study
due to resource limitations. A larger cohort of students would
provide a more comprehensive evaluation of the effectiveness
of MHW-based TBL. Secondly, technical issues, including
connectivity problems and occasional software glitches, posed
challenges for a couple of students. Future research will explore
ways to enhance the reliability and user-friendliness of VR plat-
forms. Additionally, our study focused primarily on student
perceptions and engagement rather than objective learning out-
comes. Future studies will incorporate pre and post-tests to as-
sess knowledge retention and skill development quantitatively.

Longitudinal studies examining the long-term impact of VR-
based learning on students’ performance in clinical settings
would also be beneficial. Also, the recruitment of students based
on a pre-existing level of “pharmacological competence” for this
pilot study, while pragmatic for initial investigation, may limit
the generalizability of the findings to the broader student popu-
lation who may have varying levels of foundational knowledge.
Future studies should consider recruiting a more diverse range
of student competencies to assess the intervention's effectiveness
across a wider spectrum of learners. Finally, the use of a conve-
nience sample may have introduced selection bias, as students
who were already interested or enthusiastic about VR-based
learning may have been more likely to volunteer to participate.
This self-selection could potentially skew the results towards
more favorable perceptions and engagement levels. Future stud-
ies should aim to use randomized or stratified sampling methods
to minimize this bias and ensure a more representative sample
of the student population.

6 | Conclusion

In conclusion, the integration of VR-based learning environ-
ments represents a promising avenue in medical education,
offering a valuable alternative to traditional TBL methods. The
findings of this study, along with supporting research from the
broader medical education literature, suggest that MHW could
play a contributory role in the future of pharmacology educa-
tion. Further research should focus on recruiting a large cohort
of participants, refining VR-based learning experiences, opti-
mizing their usability, and addressing technical limitations to
maximize their impact in educational learning.
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