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Abstract. This study aims to investigate the effects of a virtual reality (VR)-

based learning environment on learners with different preferred learning styles 

by measuring various dimensions of technology mediated approach. The learn-

ing outcomes were measured through academic performance, and affectively 

through “learning experience” and “perceived learning”. “Learning experience” 

in VR was measured through perceived realism, immersion, interaction, pres-

ence, engagement, enjoyment, ease of use, usefulness, technology functionality, 

task-technology fit and attitude towards using the technology. A pretest-posttest 

design was employed for this study. Students were categorized based on their 

preferred learning style and their responses were compared. Results presented 

here are based on data collected from 130 students (grade 5-11) in NSW, Aus-

tralia. As the result of our analysis indicates, regardless of students’ preferred 

learning style, students similarly benefited from VR and their learning experi-

ence and learning outcome did not differ significantly. 
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1 Introduction 

Advanced technologies such as Virtual Reality (VR) have gained renewed popularity 

as a teaching platform among educators and schools, allowing students to learn and 

experience dangerous, expensive and inaccessible events. Even though virtual reality 

as a training and teaching platform has proven useful over the years in different indus-

tries (flight, surgery, and driving simulators to name a few), these three-dimensional 

virtual environments are currently not widely utilized in the education sector [1]. 

However, the trend is changing and the use of computer simulations as learning envi-

ronments, has progressively embraced technological innovations from chart-based 

interfaces to fully immersive environments [2]. 

As educational technologies are pushing their ways into the schools, there have been 

few studies investigating the relationship between different individual’s preferences 

                                                           
 



for learning on how they interact with VR environment. Hwang [4] and Lee et. al., [3] 

investigated the effects of a virtual reality (VR) based learning environment on learn-

ers with different learning styles. In both studies, they confirm that VR-based learning 

environment offers promise in accommodating individual differences pertaining to 

learning styles and there was no difference between students’ “cognitive knowledge 

gain”. To complement previous studies, in this study we are focusing on students’ 

“learning experience” and we are going to investigate the relationship between stu-

dents’ preferred learning style and their “learning experience” in VR. Students’ per-

ceived “learning experience” in VR is going to be measured through: their perceived 

“realism” “immersion”, “interaction”, “ease of Use”, “usefulness” , “functionality”, 

“task technology fit”, “attitude towards the technology” , “presence”, “engagement”, 

“enjoyment”, “stress and worry”, “task characteristics”. Then students learning expe-

rience will be compared based on their preferred learning style. 

2 Experiential learning and VR as a teaching platform 

Dewey [5] believed learning best occurred through direct experience with the learning 

environment and content. Effective learning experiences are characterized as active 

experiential, situated, problem-based, capable of providing immediate feedback [6] 

and high level of engagement [7]. Realistically, true experiential learning is difficult 

in many cases and/or significantly limited. VR technologies allowing direct interac-

tion with environments and content through virtual spaces and objects, and it is pre-

dicted to enhance the possibility of delivering experiential learning [cite].  

The greatest capability of VR is in creating “experiences” close to real life 

events. Mikropoulos [8] defined VR learning environment “as a virtual environment 

that has one or more educational objectives, pedagogical metaphors, provides users 

with experiences they would otherwise not be able to experience in the physical world 

and leads to the attainment of specific learning outcomes” (p.198). To capture stu-

dents’ learning experience in VR, the factors affecting the learning experience in VR 

environment are extracted from the body of knowledge.  

The objective characteristics of VR is “Immersion” [9] and immersion is 

what makes it possible to experience and be included in. Skarbez et al. [10] stated that 

immersion enables presence in VR environment. Sense of “Presence” enhances the 

students’ firsthand experience [11] and first-hand experience happens when students’ 

can directly “Interact” with the virtual or real world. Sense of presence encourage 

trainees to “Engage” and transform them to be active participants of virtual world [8]. 

Besides to that, based on Technology Acceptance Model (TAM) and Task-

Technology Fit (TTF) technology must be “Easy to use”, “Useful” and “Fit the task 

(Task Technology Fit)” in order for users to “Enjoy” their interaction and experience 

to ultimately engage with the task to achieve the expected outcome. Contrary, if stu-

dents feel excessively “Distress and Worry” due to finding the technology hard to use 

or the learning material hard that would adversely affect their learning process. 

Having said that, Kolb [15] argues that people learn in different ways accord-

ing to their preferred learning style. The ‘learning-style’ of every learner indicates 

his/her cognitive trends [12]. This is supported by constructivism where constructiv-

ists believe that learning is dependent upon the learner’s ability to analyze, synthesize 



and evaluate information to create meaningful, personalized knowledge [13]. Since 

learners vary in their cognitive or learning styles, they also benefit from those teach-

ing techniques that appeal to their individual styles [14]. Experiential Learning Theo-

ry (ELT) defined nine different learning styles as: 1) Initiating, 2) Experiencing, 3) 

Imagining, 4) Acting, 5) Reflecting, 6) Deciding, 7) Thinking, 8) Analyzing and 9) 

Balancing [15]. ELT emphasizes that learning style is not a fixed psychological trait 

but a dynamic state resulting from synergistic transactions between the person and the 

environment [15]. The stability and endurance of these states in individuals comes 

from consistent patterns of transaction between the individual and his or her environ-

ment. This highlights the importance of learning environment. This study aims to 

investigate the relationship between students’ “learning preferences” and their “learn-

ing experience” in VR. Therefore, firstly students’ “learning experience” and the 

“outcomes” of, Virtual Reality (VR) teaching session will be measured and then stu-

dents’ responses will be compared based on their preferred learning style. 

3 Methodology 

3.1 Participants 

The participants of this study were 130 students from five different public and private 

schools in NSW, Australia. The participants were boys and girls and they were in 

grade 5 to 11 (Table 1). The students were randomly selected by their teachers and 

researcher had no control over selecting the participants.  

Table 1: Sample Distribution 

Year Number of Students 

Year 5 38  

Year 6 18  

Year 8 10 

Year 9 15 

Year 10 40 

Year 11 9 

3.2 Scenario 

In this study students experienced the Antarctic and learnt how to interact with 

penguins (Figure 2). The content was developed by Australian Company (Devika) and 

delivered via the virtual reality headset HTC VIVE (Figure 1). The scenario is extra-

curricular and mapped to the Australian school curriculum. The Antarctic scenario 

begins where a scientist will introduce the topic and explain the reasoning for their 

presence, their significance with the ecology, and some of the activities that take 

place. The scenario teaches students about Antarctica by placing them in a VR experi-

ence that requires them to listen to a scientist in Antarctic. This is done by having the 

students complete a series of tasks such as photographing penguins with the aid of a 

narrator. 

 



  
Figure 1: Student Experiencing VR Figure 2: Antarctic Scene in VR 

3.3 Procedure 

A pretest-posttest design was employed for this study.  

Pre-test Phase 

(i) Prior to the experience content related questions were distributed: The aim is 

to assess students’ knowledge level about penguins, Antarctic and cli-

mate change prior attending the learning session in VR. They were 

asked to answer six questions related to the scenario, such as: “What is 

the average temperature in Antarctic? Or “What is the effect of climate 

change on penguins?” The total score of each content related test was 6.  

(ii) Prior to the experience KLS v4. [7] Inventory was distributed: The aim is to 

assess students’ preferred learning style prior exposure to VR. A partici-

pant who took this test needed to complete 12 sentences that described 

learning. Each item had four endings and the participants were required 

to rank these endings according to how well he or she thought each end-

ing described the way he or she learned. The scores were calculated to 

determine the dominant type of learning style for each participant. 

Post-test Phase 

(i) After the experience post-experience questionnaire was distributed: 5-10 min 

After the learning experience in VR, a post-training questionnaires was 

distributed (10-likert scale where 0 was highly disagree, 10 was highly 

agree and 5 in middle was neutral), to measure students experience in 

VR. The items in this questionnaire are taken from standard question-

naires. 

(ii) After the experience, Content related questions were distributed again: in or-

der to measure students’ knowledge gain the content related questions 

were repeated within one-hour timeframe of the first test.  

4 Result and Discussion 

4.1 Gain Score and Preferred Learning Style 

From the survey result (subjective analysis), 74% of students (95 students out of 124) 

reported that they have learned from VR experience and they know more about pen-



guins, Antarctic and climate change after VR experience (perceived learning score 

was 7, 8, 9 or 10 out of 10). Additionally, the result of content related (pre and post 

test) reveals that students’ performance enhanced by 37%. Moreover, one-way 

ANOVA was performed to see whether statistically there is a significant difference 

between students’ gain score with respect to their preferred learning styles. As the 

result of analysis indicated there was no significant difference between the mean 

scores (p>0.05) and regardless of students’ preferred learning style they have oppor-

tunity to benefit from a VR experience. 

4.2 Learning Experience in VR and Preferred Learning Style 

Correlation between factors measured after the VR learning experience indicates that 

the measured factors are statistically significant and correlated with perceived learn-

ing, also there is a correlation within these factors which is going to be discussed in 

our next paper.  In Table 2, ATU is (Attitude Toward Use), TTF is (Task Technology 

Fit) and TC is (Task characteristics) 

Table 2: Correlation Table between Learning and factors affecting learning experi-

ence 

 Realism Immersion Interaction Ease of use Usefulness Function-

ality 

Learning .536 .575 .663 .563 .771 .815 

       

p value .000 .000 .000 .000 .000 .000 

 

 ATU TTF Presence Engagement  Enjoyment Stress TC 

 

Learning .653 .789 .646 .672 .717 -.545 .724 

        

p value .000 .000 .000 .000 .000 .000 .000 

Then, one-way ANOVA was performed to see whether students’ who have different 

preferred learning styles are having different learning experience in VR. The result of 

analysis indicated that statistically there were no significant difference (P > .05) be-

tween students and it is safe to claim there is no relationship between students’ pre-

ferred learning style and “learning experience” in VR. 

5 Discussion and Conclusion 

Game play provides learners the opportunity to learn by doing and though role-play, 

enhancing students’ learning outcome (e.g. [16]), our findings also suggest this view. 

In this study, students played the role of scientists in VR, and as as our subjective 

(perceived learning) and objective (results of content related questions) analysis re-

vealed, students’ knowledge level enhanced. Our knowledge test was short and there 

was not enough time lag between two tests, but hat being said, the result of our analy-

sis indicated that there was no relationship between students’ preferred learning style 

and students’ knowledge gain. Lee et al. [3] also, reported the same findings that, 



there was no significant difference in the cognitive and affective learning outcomes 

for students with different learning styles in the VR-based learning environment. 

Moreover, the result of correlation indicated that there is a relationship between stu-

dents’ knowledge gain in VR and students’ “learning experience” through perceived 

sense of presence, immersion, realism, interaction and affective factors including 

perceived sense of enjoyment, engagement, usefulness and attitudes towards using 

technology. However, our findings indicates that there is no relationship between 

students’ “preferred learning style” and their “learning experience” in VR. Therefore, 

based on our findings and the trend we observed in students’ performance after VR 

session and their positive perception of “learning experience” in VR, educators and 

decision makers are encouraged for future investigation in VR integration into class-

rooms. 
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