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Abstract: Inquiry-based learning supports knowledge construction but is challenging 
to implement in science classrooms. Virtual reality (VR) can visualize abstract 
concepts, and game-based learning promotes cognitive development and higher-order 
thinking. Reflection prompts help students link prior knowledge to new concepts. This 
study explored the effects of a game-based VR environment with embedded cognitive 
prompts on students’ problem-solving and cognitive load. Using a one-group quasi-
experimental design in an elementary school, students engaged in a science inquiry 
task via an interactive VR system with real-time prompts. Results showed improved 
problem-solving and significantly reduced cognitive load, supporting the effectiveness 
of cognitive prompts in enhancing learning and reducing mental demands in 
elementary science education. 
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1. Introduction 
 

Inquiry-based learning (IBL) engages students in questioning, investigating, reflecting, 
and generating evidence-based solutions. IBL offers meaningful contexts for learning and 
knowledge construction, though its implementation in science education faces challenges. 
Inquiry learning is a complex process often conceptualized as a cycle of interconnected 
phases (Chen et al., 2023). 

Virtual reality (VR) can visualize abstract concepts and support knowledge transfer 
through situated learning (Matovu et al., 2023). VR enables knowledge and skill transfer 
through situated learning. Effective VR integration requires specific instructional materials and 
careful consideration of its impact on learners (Krassmann et al., 2024). 

Digital game-based learning fosters cognitive development and higher-order thinking 
through meaningful contexts. Contextual learning links cognition to real-life experiences, 
encouraging active learning (Panjaburee et al., 2025). Meaningful learning relies on both 
student engagement and sufficient cognitive processing. However, individuals have limited 
cognitive processing abilities. Well-designed multimedia can reduce cognitive load, while 
reflection prompts help integrate prior knowledge, deepen thinking, and enhance performance 
(Hung et al., 2014). 

Thus, this study integrated the advantages of virtual reality, digital games, and cognitive 
prompts into inquiry-based science learning and conducted an empirical investigation in an 
elementary school. The research focuses on the following questions: 
(1) Can a game-based virtual reality context with cognitive prompts enhance students’ 

problem-solving tendencies? 
(2) What levels of cognitive load do students experience during the learning process within a 

game-based virtual reality context with cognitive prompts? 
 



2. Development of the virtual reality inquiry-based game 
 

The VR game was developed with Unity 3D and Blender to create interactive scenes 
and objects. The game, themed “Preventing Rust and Preserving Food,” is designed for upper 
elementary students and aligns with inquiry-based learning principles. Students follow a 
narrative to help the protagonist solve mold contamination issues in a lab by completing tasks, 
collecting clues, and earning points. A task panel supports progress tracking, while 
interactions with NPCs and supplementary readings deepen their understanding. 
 
 
3. Method 
 
3.1 Participants 

 
In this study, the participants were 28 fifth-grade students from an elementary school in 

Taipei City. A one-group quasi-experimental design was adopted to assess the differences in 
students’ problem-solving tendencies before and after learning through a game-based virtual 
reality approach and their perceived cognitive load during the learning process. 

 
3.2 Experimental procedure 
 

The learning procedure followed three sequential steps. First, students completed the 
pre-questionnaire on problem-solving before the learning activity. Next, they participated in a 
science inquiry learning activity with a game-based virtual reality system. Finally, they 
completed the post-questionnaire on problem-solving and a cognitive load questionnaire. 

 
3.3 Measuring instruments 
 

This study used problem-solving and cognitive load questionnaires. The problem-solving 
questionnaire, adapted from Hwang and Chen (2017), included pretest and posttest versions 
with five items on a five-point Likert scale (Cronbach’s α = 0.78). 

The cognitive load questionnaire, adapted from Hwang et al. (2013), includes two 
dimensions: mental load (5 items, Cronbach’s α = 0.86) assessing intrinsic load during 
learning, and mental effort (3 items, Cronbach’s α = 0.85) assessing extraneous load 
throughout the process. 
 
 
4. Experimental result 
 
4.1 Students’ problem-solving  
 

A paired-sample t-test was conducted to examine the differences in students’ problem-
solving tendencies before and after the learning activity. The results revealed a significant 
promotion in students’ problem-solving scores from pretest (M = 3.70, SD = 0.92) to posttest 
(M = 4.09, SD = 0.67) with t = 2.19 (p < .05). This indicates that the game-based virtual reality 
learning activity had a positive effect on enhancing students’ problem-solving tendencies. 

 
4.2 Students’ cognitive load 
 

A one-sample t-test revealed that students’ perceived cognitive load was significantly 
below the average level of 3. Specifically, the mean score for intrinsic cognitive load was 2.23 
(SD = 1.12), which was significantly lower than 3 with t = 3.64 (p < .01). Similarly, the mean 
score for extraneous cognitive load was also 2.23 (SD = 1.06), significantly below the 
reference value with t = 3.86 (p < .01). The results showed that the game-based VR system 
imposed low cognitive load in both content and interface design. 



 
 

5. Discussion and conclusions 
 

This study showed that cognitive prompts in game-based VR effectively enhanced 
students’ problem-solving and reduced cognitive load. The significant promotion in students’ 
posttest scores indicates that the learning environment provided appropriate scaffolding to 
support learners in completing complex tasks, supporting them to apply and practice problem-
solving strategies with greater clarity and focus. It is asserted that situated learning can assist 
students in connecting their cognitive structures with real-life experiences (Panjaburee et al., 
2025). This study further confirmed that a game-based virtual reality context with cognitive 
prompts can foster students’ problem-solving tendencies. 

Furthermore, students reported significantly lower intrinsic and extraneous cognitive load, 
suggesting that cognitive prompts and system design helped manage content complexity and 
reduce unnecessary processing. This result echoes prior research indicating that well-
designed reflection prompts deepen thinking and improve learning and problem-solving (Hung 
et al., 2014). These results show that cognitive prompts both direct attention and structure 
learning efficiently, making game-based VR a promising way to balance cognitive demands 
and support in elementary science education. 

 
 

Acknowledgements 
 
This study is supported in part by the National Science and Technology Council of Taiwan 
under contract numbers NSTC 112-2410-H-142-019 and NSTC 113-2410-H-142-005. 
 
 
References 
 
Chen, H. C., Gijlers, H., Sui, C. J., & Chang, C. Y. (2023). Asian Students’ Cultural Orientation 

and Computer Self-Efficacy Significantly Related to Online Inquiry-Based Learning 
Outcomes on the Go-Lab Platform. Journal of Science Education and Technology, 32(5), 
743–758. https://doi.org/10.1007/s10956-023-10058-9 

Hung, I. C., Yang, X. J., Fang, W. C., Hwang, G. J., & Chen, N. S. (2014). A context-aware 
video prompt approach to improving students' in-field reflection levels. Computers & 
Education, 70, 80-91. https://doi.org/10.1016/j.compedu.2013.08.007 

Hwang, G. J., & Chen, C. H. (2017). Influences of an inquiry‐based ubiquitous gaming design 
on students’ learning achievements, motivation, behavioral patterns, and tendency 
towards critical thinking and problem solving. British Journal of Educational Technology, 
48(4), 950–971. https://doi.org/10.1111/bjet.12464 

Hwang, G. J., Yang, L. H., & Wang, S. Y. (2013). A concept map-embedded educational 
computer game for improving students' learning performance in natural science courses. 
Computers & Education, 69, 121–130. https://doi.org/10.1016/j.compedu.2013.07.008 

Krassmann, A. L., Melo, M., Pinto, D., Peixoto, B., Bessa, M., & Bercht, M. (2024). How are 
the sense of presence and learning outcomes being investigated when using virtual 
reality? A 24 years systematic literature review. Interactive Learning Environments, 32(7), 
3448–3471. https://doi.org/10.1080/10494820.2023.2184388 

Matovu, H., Ungu, D. A. K., Won, M., Tsai, C. C., Treagust, D. F., Mocerino, M., & Tasker, R. 
(2023). Immersive virtual reality for science learning: Design, implementation, and 
evaluation. Studies in Science Education, 59(2), 205–244. 
https://doi.org/10.1080/03057267.2022.2082680 

Panjaburee, P., Intarakamhang, U., Srisawasdi, N., Poompimol, S., & Tapingkae, P. (2025). 
Predictors of active and inactive learners' intention to use decision tree-based contextual 
mobile games for cultivating digital citizenship behaviour. International Journal of Mobile 
Learning and Organisation, 19(1), 1-32. https://doi.org/10.1504/IJMLO.2025.143022 


