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Abstract 

Metaverse games are transforming higher education by offering immersive, interactive 

environments that boost student engagement and collaboration. These virtual spaces allow 

learners to experience activities such as simulated laboratories, historical scenarios, and 

group tasks, encouraging deeper understanding, creativity, critical thinking, and teamwork. 

In this study, we implemented a metaverse‑based game to support virtual classroom 

learning in the foundation subject ABCT1D09 during the 2023/24 Semester Two and 

2024/25 Semester One, involving 181 enrolled students. The game focused on improving 

learning and engagement related to air pollution. Questionnaire responses showed return 

rates of 39.5% and 75% across the two semesters. Initial results indicated that 75% of 

students found the experience enjoyable and immersive, and 78% felt it effectively 

highlighted the importance of air pollutant collection, though these rates dropped to 67% 

the following semester. Nevertheless, in‑person feedback emphasized increased awareness 

of greenhouse emissions and active participation. Overall, the findings suggest strong 

educational potential, with further refinement and research needed. 

Keywords: Metaverse; Unity; Gamification; Science Education; STEM Education 

1. Introduction  

The COVID‑19 pandemic rapidly shifted most face‑to‑face (F2F) teaching into online or hybrid 

formats, and it also became a new normal for higher education nowadays. To support these 

evolving learning needs, a wide range of digital resources, such as pre‑class and after‑class 

activities, online videos (e.g., YouTube, TED Talks), lecture recordings, self‑learning modules 

hosted on learning management systems (LMS), and various interactive technologies including 

metaverse platforms and immersive virtual environments, are now commonly integrated to 
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support flipped classroom teaching and help students achieve intended learning outcomes 

(Yuehchin, 2017; Rungnapeepornphong et al., 2023). Among these emerging approaches, the 

metaverse has attracted particular attention from educators seeking virtual learning 

environments that better accommodate students’ expectations and behaviors in the 

post‑pandemic era (Latino et al., 2024). 

The metaverse can be understood as a three‑dimensional online world in which users interact, 

collaborate, and create through customizable avatars within virtual spaces distinct from physical 

reality (Ritterbusch and Teichmann, 2023). Scholars argue that such environments enable 

learners to participate in diverse social, cultural, economic, and scientific activities that can 

enhance engagement and deepen learning. For example, Ouariachi et al. (2017) demonstrate the 

effectiveness of online games in improving climate literacy among young people by embedding 

cooperative mechanics and meaningful gameplay. Similarly, Wu and Lee (2015) and Pfirman 

et al. (2021) show how climate‑themed games, such as Arctic Crisis, contribute to public 

education on environmental issues. The Gamified Constructivist Teaching in the Metaverse 

(GCTM) framework proposed by Ng and colleagues (2023 and 2024) further integrates game 

design principles with constructivist learning, resulting in improved student engagement and 

stronger learning communities, as evidenced through its implementation in platforms such as 

Questverse. 

Other immersive learning innovations include the use of Minecraft to foster creativity and 

collaboration in virtual classrooms (Anastasiadis et al., 2018 and Sánchez-López, 2022) and 

VR‑supported science education tools such as those presented by Lo and Tsai (2022) and the 

VoRtex platform developed by Jovanovic and Milosavljevic (2022). Additional studies 

emphasize the value of interactive storytelling (Spiegel and Wang, 2024) and 

metaverse‑enhanced flipped classrooms (İbili et al., 2024; Rungrapeepornphong et al., 2023). 

Subject‑specific applications, including VR/AR for chemistry education (Amirbekova et al., 

2024), demonstrate the wide potential of immersive tools despite ongoing technical and 

pedagogical challenges (Hussain and Qadir, 2024). Collectively, these studies indicated a clear 

shift toward immersive and game‑based pedagogies that emphasize engagement, collaboration, 

and authentic learning experiences. 

In alignment with these developments, our university requires all undergraduate students to 

complete a General Education (GE) course in Science, Technology, and Environment. Given 

the increasing evidence that gamification and immersive technologies can improve learning and 

help address global issues such as climate change (Pfirman et al., 2021; Ng et al., 2024), we 

introduced a metaverse‑based game as a virtual learning component in this GE course. The 

game simulates a modern city environment in which students identify and monitor air 

pollutants, providing a flexible and accessible "digital active learning environment" that 

enhances engagement anytime and anywhere (Hussain et al., 2024). 
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This project represents a collaboration between the Department of Applied Biology and 

Chemical Technology, the Institute for Higher Education Research and Development, and the 

Department of Computing at The Hong Kong Polytechnic University during the 2023/24 and 

2024/25 academic years. A Unity‑based virtual classroom game was developed and piloted with 

two student cohorts. To evaluate its impact on motivation and learning in climate change 

education, we analyzed learning analytics (LA) data from the Spatial.io platform (Ng et al., 

2023 and 2024) and collected voluntary student feedback through surveys. 

2. Methodology 

This study was conducted over two academic semesters, from Semester 2 of 2023/4 to Semester 

1 of 2024/5, using the general education course ABCT1D09 Greenhouse Gases and Life as the 

basis for implementation. The post study survey and students’ participation data was collected 

before the end of each semester. We have collected the feedback from our students via online 

survey using MSForm. Table 1 list out the survey questions. In this work, students were invited 

to complete the online questionnaire in MSForm (Table 1) at week 10. Our students voluntarily 

participated and gave their feedback with a rating from 1 to 5, where 5 = strongly agreed, 4 = 

agreed, 3 = neutral, 2 = disagreed, 1 = strongly disagreed, to indicate students’ opinion. 

2.1. Data collection and analysis 

Online questionnaire survey 

Survey questionnaire was prepared in MSForm and distributed to 181 students in total, and we 

have received around 107 anonymous feedback from students for our survey. Consents from 

students were being sought before they submitted the volunteer e-survey. Students’ feedback 

was collected and analyzed (Table 1). 

Table 1.  Post-survey to collect students’ feedback about the use of metaverse game to 

support their learning 

1. The metaverse game provide enjoyable and immersive gaming experience. 

2. The metaverse game runs smoothly with minimal technical issues. 

3. The game encourages and facilitates interaction and collaboration among players. 

4. The game lets me know the greenhouse emissions from human activities. 

5. The game effectively conveys the importance of tackling air pollutant from human activities. 

6. The metaverse game encourages players to actively engage in reducing air pollution during 

human activities. 

7. Overall, I will recommend the metaverse game to other students. 

The metaverse game was a collaborative product, which was designed and developed by the 

project team between Department of Applied Biology and Chemical Technology, 

Department of Computing and Educational Development Centre. For this project, we would 
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like to raise the air pollution awareness of our students. The preparation of the metaverse 

game via Unity and the game is hosted in spatial.io. Students are volunteer to join the game 

and they are required to trace the 24 designated sources of air pollutants by looking at the 

air monitoring meter (Fig 1). 

 

Fig.1 The Unity Game in Saptial.io platform, which was piloted to be used in the science general 

education subject: ABCT1D09 Greenhouse gases and life. The user guide video refers to this hyperlink 

Monitoring the statistics from Spatial.io server 

The student engagement statistics for the metaverse game learning will be monitored over the 

Saptial.io server. To evaluate the quality of learning, we can make use of LA data from the 

system, including their point of achievement and the time they have joined the game. The data 

collected will be analysed and compared with the students’ feedback collected over the survey 

questionnaire. 

3. Results and Discussion 

3.1. Students’ perception about the pilot gamification introduction 

Based on the preliminary results (Table 2), the response rates of the student survey were 39.5% 

(N = 32) in 2023/24 Semester 2 and 75% (N = 75) in 2024/25 Semester 1. A higher percentage 

of feedback was obtained in the second pilot semester, indicating improved student participation 

in the later implementation. 

Analysis of students’ perceptions across the two semesters reveals a modest decline in overall 

satisfaction with the metaverse game. In 2023/24 Semester 2, students reported generally 

positive experiences, with agreement rates ranging from 72% to 78%. In contrast, agreement 

rates in 2024/25 Semester 1 decreased by 8%–17%, with the most notable reduction observed 

in students’ willingness to recommend the game (from 78% to 61%). Although the average 

ratings across items remained above 3.5, suggesting an overall favorable perception, the decline 

highlights areas requiring improvement, particularly technical performance (72% to 61%) and 

engagement (72% to 63%). These quantitative findings are consistent with qualitative feedback 

provided by a group of students in the second semester. 
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Overall, both cohorts reported positive perceptions of the metaverse game as a support for 

learning, though the 2023/24 cohort demonstrated slightly more favorable views. Specifically, 

students from the 2023/24 cohort rated the game marginally higher in enhancing their learning 

experience compared with the 2024/25 cohort (2023/24 cohort: M = 3.9, SD = 0.9; 2024/25 

cohort: M = 3.8, SD = 0.7). This difference, however, was not statistically significant 

(t(105) = 1.08, p = 0.28), indicating comparable perceived learning value among cohorts. 

Across both semesters, students’ perceptions remained broadly positive, with mean ratings 

ranging from 3.5 to 4.0 out of 5 and approximately 61% to 78% of students agreed/strongly 

agreed with the survey items. These results suggest that the metaverse game was generally 

perceived as enjoyable, educational, and relevant to environmental learning outcomes. 
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Table 2. Students’ perception about their metaverse game learning 

Students’ 

perception  

% agree/ 

strongly 

agree 

2023/4  

Sem 2 

(N=32) 

Mean ± 

SD  

% agree/ 

strongly 

agree 

2024/5 

Sem 1 

(N=75) 

 

Mean ± 

SD 

df t 

 

p 

The metaverse game 

provide enjoyable 

and immersive 

gaming experience. 

75% 3.9±0.9 67% 

 

3.8±0.7 105 1.08 0.28 

The metaverse game 

runs smoothly with 

minimal technical 

issues. 

72% 3.9±1.0 61% 

 

3.5±0.8 

 

105 2.01 0.05 

The game 

encourages and 

facilitates interaction 

and collaboration 

among players. 

75% 3.9±0.9 64% 

 

3.6±0.8 

 

105 1.58 0.12 

The game lets me 

know the greenhouse 

emissions from 

human activities. 

72% 3.8±0.9 64% 

 

3.6±0.7 

 

105 1.28 0.20 

The game effectively 

conveys the 

importance of 

tackling air pollutant 

from human 

activities.  

78% 4.0±0.9 67% 

 

3.7±0.8 

 

105 1.47 0.14 

The metaverse game 

encourages players 

to actively engage in 

reducing air 

pollution during 

human activities. 

72% 3.8±1.0 63% 

 

3.6±0.7 

 

105 1.24 0.22 

Overall, I will 

recommend the 

metaverse game to 

other students 

78% 3.9±0.9 61% 

 

3.7±0.8 

 

105 3.40 0.00

1 

Note. Values represent group means (M) and standard deviations (SD). t, df, and p are from 

independent‑samples t‑tests (equal variances assumed).  

Comparative analysis between 2023/24 Semester 2 and 2024/25 Semester 1, findings showed 

that students in the earlier cohort consistently reported slightly higher agreement levels and 

mean scores across most dimensions. However, independent‑samples t‑tests indicated that 

differences in enjoyment and immersion, collaboration, and understanding of air pollutant 

emission sources and human activities were not statistically significant (p > 0.05). This suggests 
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that the overall learning experience and perceived educational value of the game remained 

largely stable across cohorts. 

An exception was observed in perceived technical performance, where students in 2023/24 

reported significantly easier gameplay than 2024/25 cohort (t = 2.01, p = 0.05). This finding 

suggested that technical limitations became more noticeable in the later implementation, 

potentially influenced by a larger participant group or differences in students’ digital 

competence. In addition, a statistically significant decline was found in students’ willingness to 

recommend the game, with higher ratings in 2023/24 than in 2024/25 (t = 3.40, p = 0.001). 

Informal student feedback further indicated that the experience could be enhanced by 

incorporating VR headset compatibility and increased challenge levels. 

In summary, the findings demonstrated that the metaverse game was generally well received 

and effective as a learning tool for promoting environmental awareness, particularly in 

conveying the importance of reducing air pollution and greenhouse gas emissions. Nevertheless, 

the results highlighted the importance of maintaining the game technical performance and 

enhancing challenge to sustain student engagement and willingness to recommend the game, 

thereby maximizing the long‑term educational impact. 

3.2. The statistics from the Spatial.io server and general students’ performance 

Table 3 highlights a clear improvement in student engagement and performance between the 

two semesters. In 2024/5 Semester 1 (second semester), students spent significantly more time 

interacting with the metaverse game, with total access time increasing from 43,368 to 109,622 

seconds and average access time rising from 1,008 to 1,370 seconds.  

Table 3. Engagement and performance statistics 

Statistics 
2023/4  

Sem 2 

2024/5 

Sem 1 

Total registered students 81 100 

Participant number  

(% participation) 

43 

(53.1%) 

81 

(81%) 

Total time access (seconds) 43368 109622 

Average time assess (seconds) 1008 1370 

Percentage of participants who fully 

completed the task 
44.2% 53.8% 

Student performance  

(Good to excellent grades) 
>80% >95% 

The percentage of participants who fully completed the task also improved, from 44.2% to 

53.8%. Moreover, the number of active participants nearly doubled, and the proportion of 

students achieving good to excellent grades rose from over 80% to over 95%. Interestingly, the 
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2024/5 cohort not only demonstrated higher engagement (80% vs. 53.1%) but also had a 0.3 

higher average grade point improvement. These findings suggest that the increased academic 

ability and engagement in the later cohort may have contributed to better performance 

outcomes. However, as noted in perception data, this group reported lower satisfaction with the 

game. This may be due to their higher expectations and more critical feedback, influenced by 

their deeper engagement and stronger academic background. The findings suggested the need 

for continuous refinement of this component to meet the evolving expectations of increasingly 

capable learners. 

4. Conclusion 

The implementation of the metaverse game across two academic semesters showed strong 

educational potential, supported by consistently positive student feedback and noticeable gains 

in engagement and performance. Although students in 2023/4 Semester 2 reported higher 

satisfaction than those in 2024/5 Semester 1, the later cohort demonstrated stronger academic 

performance (GPA 3.48 vs. 3.14) and significantly higher engagement levels (80% vs. 53.1%). 

Their slightly lower satisfaction may reflect elevated expectations from a more engaged and 

academically capable group, who may have evaluated the game with greater criticality. Despite 

this, the 2024/5 cohort achieved substantial improvements in learning outcomes, including 

higher task completion, longer interaction durations, and a greater proportion of students 

earning good to excellent grades. Overall, the findings suggest that the metaverse game remains 

a valuable learning tool, but ongoing updates to its design, technical features, and pedagogical 

integration are essential. Continued research is needed to validate these preliminary results and 

examine long‑term impacts. 
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