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Objective: To assess the utility of metaverse and virtual reality as an educational platform for teaching pharmacology.
Methods: An experimental mixed-method study was conducted, in which participants were allocated to either metaverse-based 
or conventional teaching. The metaverse group included a 3D animated model of opioid receptors. To evaluate the effect of the 
teaching method, a knowledge retention test was performed within 24 hours of the session, and the scores, and time to complete the 
test were compared between the two groups. The metaverse group was asked to complete a survey that measured their satisfaction and 
attitude and to provide feedback using open-ended questions.
Results: Ninety-eight students were included in the study. Forty-eight students (48.9%) were allocated to the metaverse group. Participants 
in the metaverse group scored higher in the knowledge retention test (3.3 vs 2.6; p < 0.0001) and required less time to complete the test (4.8 
vs 5.3; p=0.034). Students in the metaverse group reported a positive attitude and comfort with the teaching platform.
Conclusion: Metaverse-based pharmacology teaching may offer an effective tool to enhance the learning experience and effective
ness of teaching.
Keywords: metaverse, educational platform, teaching, pharmacology

Introduction
Learning pharmacology requires an understanding of the interaction between the drug and the receptor and the 
mechanisms that will mediate the effects of this interaction.1–4 Conventional teaching methods, such as lectures and 
seminars, focus on 2D demonstrations and descriptions of these interactions.1–5 The use of these in teaching pharmacol
ogy was shown to be less effective in achieving the teaching goals among health sciences students.2,3,6 Furthermore, 
these methods ignore the need for 3D visualization to understand these interactions better.1–4 These limitations are highly 
important and need to be addressed in a more innovative and interactive approach. Recent advances in immersive virtual 
reality (VR) technology and the introduction of metaverse platforms offer an innovative method to address the 
aforementioned limitations.7–11 Immersive VR allows for enhanced 3D visualization and interaction with models. On 
the other hand, metaverse, defined as “a 3D-based virtual reality in which daily activities and economic life are conducted 
through avatars representing the real themselves”,11 allows for real-time communication between the learners and the 
instructor.2,8,9,12–18 This setting facilitates a more interactive and dynamic learning environment.

The potential of utilizing the metaverse in medical practice and education has been explored in various settings.9–11,15,18–21 

These studies reported positive attitudes toward using the metaverse in education and training but lacked systematic 
assessments of its potential utility.10,18–23 The available literature focused on the attitudes of learners toward the experience 
of metaverse without reporting tangible benefits on the learning process.10,17–20,24,25 Furthermore, it used static models which 
limit the beneficial effects of this platform.7,10,18,19,25,26 On the other hand, the use of virtual reality and 3D models in medical 
education has a positive impact on certain aspects of the learning process, such as knowledge retention and recall.6,12,27 The 
majority of studies included a model in which the learners are involved in simulations on individual basis.2,3,12,27 
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Unfortunately, these evaluations focused on virtual reality and overlooked the need for dynamic interaction with the instructor 
and peers. Accordingly, the use of metaverse-based 3D animated models may offer an innovative approach to addressing the 
aforementioned issues and improving learning process outcomes.

This work aimed to develop and implement a metaverse-based educational intervention to facilitate and improve 
pharmacology teaching. The impact of using this model was evaluated in terms of knowledge retention and students’ 
perspectives (Figure 1A).

Materials and Methods
Model Development
To evaluate the utility of using the metaverse and 3D animated models in teaching pharmacology, a 3D animated model 
of the Mu opioid receptor on the postsynaptic membrane was created using the software, Blender®. This software 
provides a free and robust platform for developing 3D models, starting from predefined geometric shapes. It was used to 
build structures for the different components of the receptor and its signaling pathway. Upon completing the various 
structures, they were combined into a single structure. The animation was then added using keyframe insertion. The final 
model was then rendered and exported. The exported file was uploaded to the website Spatial.io®, which served as the 
hosting platform for the metaverse-based lecture. This platform was used to create a virtual classroom that contained the 
animated 3D model. The platform enables the students to visualize and interact with the model in real-time. Additionally, 
they can rotate and dismantle the model to explore its different components (Figure 1B).

Design
An experimental mixed-method study was designed to assess the potential of the metaverse as an education platform for 
teaching pharmacology to undergraduate pharmacy students. The study also assessed participants’ attitudes toward 
metaverse-based teaching.

Figure 1 Development and application of a metaverse-based education. A conceptual framework of the development and assessment process (A). A metaverse-based 
classroom was created that included an interactive animated 3D model of opioid receptors (B).
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Participants
Participants were recruited from an undergraduate pharmacology course at the University of Sharjah, Sharjah, UAE. 
Participants were provided with a description of the study design, and participation was entirely voluntary. The 
participants were divided into two groups based on their registered classes. The topic of the lecture in both groups 
was the pharmacology of opioids. The first group was taught using conventional face-to-face lecturing at a standard 
university hall (Standard). The other group was invited through a link to join the metaverse-based virtual classroom 
(Metaverse). Additionally, the virtual classroom included the same PowerPoint presentation used to tutor the standard 
group (Figure 1A). Students in the metaverse group were given the choice to join using their mobile phones, tablets, 
computers, or virtual reality headsets, depending on preference and availability. The same instructor gave the lecture to 
both groups to control instructor-related variations. Additionally, the instructor was trained in using a virtual reality 
headset during the lecture.

Both groups were asked to complete a quiz developed to measure baseline knowledge retention within 24 hours after 
taking the lecture. The quiz included multiple choice questions on the types of opioid receptors, opioid receptor 
signaling, side effects, and classes of opioids. The total quiz score and the time required to complete the quiz were 
collected and compared between the two groups. The time required to finish the assessment was considered as a surrogate 
marker for exam difficulty. Additionally, the metaverse group was asked to complete a survey that assessed their attitudes 
and satisfaction with the metaverse-based learning. The survey used a 5-point Likert ranging from strongly disagree=1 to 
completely agree=5. The survey included items on the ability to follow the lecture’s content, the understandability, the 
extent of engagement, the subjectively perceived stress during the lecture, and whether they would choose a metaverse- 
based education over conventional teaching methods if given a choice. The questionnaire was prepared based on similar 
literature and validated through a panel of experts. Finally, participants were asked to provide feedback on their perceived 
strengths and weaknesses in using the metaverse for pharmacology education. This was made by asking two questions: 
“Based on your experience in the metaverse lecture, what are the main advantages of metaverse based learning?” and 
“Based on your experience in the metaverse lecture, what are the main disadvantages of metaverse based learning”.

Statistical Analysis
Responses to the qualitative part were analyzed using thematic analysis according to Braun and Clarke’s six-step 
framework: 1. familiarization with data, 2. generating initial codes, 3. searching for themes, 4. reviewing themes, 5. 
defining and naming themes, and 6. producing the report.28 Coding was conducted manually by the researchers, and 
discrepancies were resolved through discussion to ensure consistency.

To enhance rigor and trustworthiness, we employed several strategies:
1. Triangulation: Two researchers independently coded the data and compared interpretations.
2. Audit Trail: Detailed documentation of coding decisions and theme development was maintained. 3. Reflexivity: 

Researchers reflected on potential biases throughout the analysis process.
Demographic data were collected from the participants, including their gender and age and reported as means (±SD) 

or frequencies (n, %). The satisfaction survey results were compared across the genders using a chi-square test. 
Differences between test scores and time required to finish the assessment were compared using student’s t test. 
A p-value of less than .05 was considered significant. All statistical analyses were performed using SPSS, version 
24 (IBM).

Results
The current study recruited 98 students, distributed between those in the metaverse-based teaching group and the 
conventional teaching group (48% vs 52%). The average age of the participants was 21.3 (SD = 0.5), with the majority 
being female (85.7%). There was no statistically significant difference in age or gender distribution between the study 
arms. The full demographic data of the participants are provided in Supplementary Table 1.

In this study, students in the metaverse-based education had higher scores on the knowledge retention test (3.3 vs 2.6; p < 
0.0001) than the conventional teaching group (Figure 2A). Additionally, the metaverse-based group required less time to 
complete the test than the other group (4.8 minutes vs 5.3 minutes; p = 0.034) (Figure 2B). The satisfaction survey showed that 22 
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(50%) participants reported a better ability to follow the metaverse-based lecture compared to the conventional lecture, with 10 
(20%) participants reporting the opposite. Additionally, more than half of the participants reported that the metaverse-based 
lecture was more engaging (65.9% vs 34.1%). The students’ reported experiences and attitudes in the satisfaction survey were 
similar between males and females (Supplementary Table 2). Counterintuitive, a sizable proportion of the participants reported 
neutral responses to the attitudes and satisfaction survey. This proportion was the highest for the question asking about the 
technical ease of joining the metaverse based lecture (19 participants, 43.18%).

Responses to the open-ended questions indicated a generally positive experience with metaverse-based education. 
The majority of the responses reported that the engaging nature and the ability to interact with the model were the main 
strengths of this method. On the other hand, the main weakness was the technical difficulties of joining the lecture and 
the power- and resource-intensive nature of the platform (Table 1).

Figure 2 The effect of metaverse-based teaching on learning outcomes. Students in the metaverse-based group scored higher in knowledge retention (A) and required less 
time to complete the assessment (B).

Table 1 Themes and Representative Quotes from Qualitative Responses

Theme Subthemes Illustrative Quotes

Advantages of metaverse based learning Engaging Nature “More active and engaging experience” 

“More interesting”

The ability to interact with the 

model

“The interaction with the models” 

“The use of 3D animated models” 

“Fun & entertaining lecture”

Disadvantages of metaverse based 

learning

The technical difficulties “The app took too much of the battery charge”. 

“Not suitable for all types of devices and heavy for the 
laptop”. 

“Difficult to log in and join”.
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Discussion
The data from this study showed a positive effect of using metaverse-based sessions to teach pharmacology among 
undergraduate pharmacy students. This positive effect was demonstrated by a higher score on the knowledge retention 
test and a shorter time to complete the test. Furthermore, participants reported a positive attitude toward using the 
metaverse as an educational platform.

Our findings showed a positive effect of using the metaverse on knowledge retention. This finding is consistent with the 
findings from previous studies that assessed the use of immersive VR in teaching health sciences.2,3,6,12 Noteworthy, these 
studies used different settings to facilitate the interaction between the learners and the models on an individual basis.2,12 

Although interesting, the sole use of these devices lacks the interactive aspect of the teaching process, in which learners can 
communicate with each other and the instructor in real-time. In our study, using the metaverse platform enabled a combined 
experience where learners could interact dynamically with the model under study and communicate simultaneously with 
other learners and the instructor. This setting is expected to enhance the learning experience and allow for cross-boundary 
learning activities. To the best of my knowledge, this study is the first systematic assessment of the potential utility of the 
metaverse in teaching pharmacology to health sciences students in general and pharmacy students in particular.

Previous studies’ data demonstrated a positive student experience with using immersive VR in teaching health 
sciences students.2,12 Kim et al reported that the use of VR in teaching pharmacology was perceived as an efficient 
method that would be recommended to other peers among medical students.12 Similarly, Hanson et al reported similar 
satisfaction rates between using 3D and conventional teaching methods of Pharmacology among nursing students.2,3 

Furthermore, Richardson et al reported a perceived better understanding, enthusiasm and enjoyment among students 
following the use 3D VR models in teaching drug receptor interaction for pharmacy students.27 Similarly, our data 
suggests a positive attitude among students toward the use of the metaverse as an educational platform. Our findings are 
showing a perceived more engaging nature and easier to understand content as compared to conventional teaching.

The results showed an interesting pattern regarding the neutral responses among the responses. The proportion of 
participants who responded with neutral responses ranged from 20% to 44% on different questions. Interestingly, this 
pattern was observed in all questions. Better understanding of the causes and implications of this pattern requires a larger 
population with more questions to identify its causes and implications.

Responses to the qualitative part of the study offer an interesting aspect of the participants’ experience. Participants 
reported a more engaging and interesting method of learning that is very close to natural standard experience. This engaging 
nature is consistent with published literature on the use of VR and 3D models in education. At the same time, the resources 
intensive nature of the software is an essential point that needs to be considered in future assessments and possible adoption.

This study has several limitations. First, the study was conducted in a single institution with a relatively small number of 
participants, which may limit our ability to generalize the findings. Second, we did not have control over the type of device 
used to access the lecture, which may have affected the overall experience of the participants. To address this limitation, 
a follow-up study is being conducted in which the metaverse-based group uses VR headsets in a more controlled setting.

Conclusion
The use of metaverse-based teaching in pharmacology offers a potentially effective method to increase knowledge 
retention and understanding among undergraduate students.

Data Sharing Statement
The data is available as supplementary data files.

Ethical Approval
This study protocol was approved by the Institutional Review Board of the University of Sharjah, Sharjah, UAE 
(Approval # REC-25-01-27-02-F). Written informed consents were obtained from all study participants including 
publication of anonymized responses. The participants’ written informed consent included publication of anonymized 
responses/direct quotes.
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