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Abstract. Currently, computer assisted learning and multimedia form a key part 
of teaching. Interactivity and feedback are valuable in promoting active as op-
posed to passive learning. The study is conducted as an assessment of the impact 
of immersive VR on learning gain compared with a non-immersive video capture 
of VR, with a primary research question focusing on exploring learning gain and 
a secondary question exploring user experience, whereby understanding this is 
paramount to recognizing how to achieve a complete and effective learning ex-
perience. The study found immersive VR to significantly increase learning gain 
whilst two key measures of reported experience; enjoyment and concentration, 
also appeared significantly higher for the immersive VR learners. The study sug-
gests extensive avenues for further research in this growing field, recognizing the 
need to appeal to a variety of students’ learning preferences. For educators, the 
relevance of self-directed and student-centered learning to enable active learning 
in the immersive tool is highlighted. Findings of such VR-based studies can be 
applied across several disciplines, including medical education; providing oppor-
tunity for users to learn without real-world consequences of error such as in sur-
gical intervention. 

Keywords: Virtual Reality, Education, Medicine, Self-directed Learning, Ac-
tive Learning 

1 Introduction 

1.1 Background  

Virtual reality (VR) technology has a longer history than its recent popularity might 
suggest. The initial concept was formulated in the 1960s when Ivan Sutherland first 
described [1] “a display connected to a digital computer [which] gives us a chance to 
gain familiarity with concepts not realizable in the physical world. It is a looking glass 
into a mathematical wonderland.” The term ‘Virtual Reality’, now widely understood 
in research and industry, was coined in 1989 by early VR pioneer Jaron Lanier [2]. 
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Today, VR describes a virtual environment generated by a computer that employs 
head and hand tracking systems to allow the user to move around and manipulate the 
environment in real time [3].  

The earliest definitions do not differ widely from more modern definitions such as 
those provided by Fuchs and Bishop [4] who described VR as “real-time interactive 
graphics with 3D models, combined with a display technology that gives the user the 
immersion in the model world and direct manipulation”. Despite slight differences in 
wording, three principles consistently feature in distinguishing the technology from 
others; presence, immersion and interactivity. Recently, advances in VR technology 
have led to its increasing similarity to the real world and thus potential for mass con-
sumption. As computing power increases, VR shares an increased interconnectivity 
with it, allowing Human-Computer interfaces to form more better-adapted interactions 
with users. 

Individual experiences of VR are often commercial, and most widely associated with 
gaming amongst other widely distributed media. Heavy investment from tech giants 
such as Facebook, who bought Oculus VR for two billion US dollars in 2014[6], has 
helped convince smaller companies of the technology’s potential.  However, more re-
cent reports suggest disappointing experiences for individuals stuck with cheaper 
smartphone-reliant headsets, whilst headsets such as Oculus Rift are too expensive for 
the average consumer; this indicates that the wait for the emergence of mass industry 
investment is set to continue [7]. 

1.2 Fields of Use 

Despite commercial limitations, VR-based research is rapidly expanding into a range 
of fields outside individual commercial use. VR simulations have proved useful in la-
boratory and clinical studies which would previously have relied on direct, invasive 
interventions – relying on these methods is particularly limiting in clinical research [8]. 
Several studies demonstrate its application, where in one particular study [8], partici-
pants were immersed in virtual environments to recognize spatial deficits in Alz-
heimer’s disease. The use of VR by scientists further reflects its value in understanding 
navigation and sensory systems. This is primarily a product of VR enabling researchers 
to exhaustively and clearly define their virtual world, thus, providing a high degree of 
control over user experience and thus, their experiment [9]. 
VR Classification. As the community of VR users grows, the range of its applications 
is expected to continue to grow. A systematic literature review investigating the uses 
of VR [10] exposed three main categories; ‘exploration’, ‘health’ and ‘presentation en-
tertainment’, where ‘exploration’ involved VR uses in heritage projects and tourism, 
whereas ‘presentation and entertainment’ contained various applications, mostly focus-
ing on the digitalization of the real world from engineering to the development of en-
tertainment. The use of VR in education may occur in any one of these categories. This 
forms classification by system functions, adapted from Zhao [11], who also suggested 
a classification by immersion experience. In this case, VR can be divided into non-
interactive and interactive where interactive experiences refer to either human-virtual 
environment or group-virtual environment by immersion. 
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In a non-interactive experience, the content is entirely planned and thus, the users’ 
experience of virtual environment is completely passive, e.g. no scenic wandering. 
However, a human-virtual environmental interactive experience would involve users 
interacting with virtual environment through equipment, e.g. digital scalpels, with 
scenes responding to the interaction in time. Accordingly, users are able to feel a change 
in virtual environment and experience corresponding real world. The group virtual en-
vironmental interactive experience system is identical to this in terms of immersion but 
additionally involves multiple users sharing one virtual environment and interacting 
with it through user avatars for instance. Other similar classifications exist as high-
lighted by the literature [3], including categorization into; non-immersive VR, also 
known as ‘desktop VR’, semi-immersive VR, supporting head movement but not sen-
sory output, and immersive VR; the ultimate system which supports total immersion 
according to the user’s position and orientation and may be enhanced by sensory, audio 
and haptic interfaces.  

Fields of study aim to develop VR systems for users; exploring user experience to 
understand how to complete the achievement of an immersive and effective experience. 
Thus, creating an application that is immersive and natural to the user is universally 
paramount. 

1.3 Related Work 

Technology-enhanced learning is gaining momentum as exemplified by e-learning, us-
ing media such as videos, which has recently formed a promising alternative to tradi-
tional learning (textbook and lecture-based tools); moving society towards achieving a 
vision of on-demand, lifelong learning [12]. However, whilst visualization likens VR 
to video-based learning, videos form passive learning objects whereas VR allows a di-
rect interaction with the environment. Interactivity and feedback are valuable in pro-
moting active as opposed to passive learning [12]. 

Instructional methods in classrooms may be affected by the personal styles of indi-
vidual teachers, rather than the cumulative knowledge derived from experimental anal-
ysis of the variables involved in learning [13]. Thus, more recent technology-based 
study designs better reveal functional relations between dependent, i.e. student learning 
gain, and independent, i.e. learning material, variables which forms a more reliable base 
for exploration as they are not influenced by personal teaching styles or forms of inter-
action [14].  

Self-directed learning is considered an indicator of success in learning and is defined 
as the student’s capacity to drive the mental process in learning [15]. In order to stim-
ulate active, self-directed learning; a key feature of immersive VR systems that pro-
motes interactivity, is needed [16]. VR’s provision of an active learning environment 
provides students with freedom in decision-making as part of the learning process. 

Engagement remains a key factor behind the success of many e-learning activities 
[17], particularly in those that, more recently, use immersive, 3D virtual worlds to en-
hance the visualization of learning material. Immersive VR is dependent on the user’s 
position and orientation and may be enhanced by sensory, audio and haptic interfaces; 
all features which may prove useful for education and training purposes. Consideration 
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of the forms in which learner engagement fits the wider picture of immersive technol-
ogies, alongside the factors that influence engaging experiences virtually, is a core con-
sideration for studies, such as this one, proposing the use of such technologies. DELVE 
project [18] explores the relationships between engagement and immersion in VR 
where immersion forms a sense of presence and can thus be a notion of engagement. 
When considering engagement, the project’s findings propose considering both the en-
gagement level as a result of interactions and feedback from the VR as well as the level 
of engagement promoted by the learning activity featured in the VR with which the 
user is engaged. Thus, this study may be distinguished from others in focusing on the 
dimensions of deep levels of engagement as opposed to the existing large focus on 
multi-sensory experiences common in the VR literature. This study primarily focuses 
on learning gain, exploring the general dimensions of engagement by recognizing a 
person’s motivation to engage, e.g. completion of the post-VR quiz, as well as relation-
ship building through applying their knowledge to different scenarios. According to 
Yee’s taxonomy [19], the three key motivational components are; immersion, social 
and achievement, where immersion is recognized as a key component in VR-user mo-
tivations. This study aims to explore these further, comparing quiz performance with 
secondary outcome measures such as enjoyment and comfortability in the VR. 

The usefulness of VR in education might also depend on the type of learning. The 
visual–auditory–kinesthetic learning styles model [20] identifies three types of styles; 
auditory, visual and kinesthetic learning; all of which VR allows in a single application. 
Thus, studies have appreciated that VR encompasses multiple learning styles which 
enables it to benefit a wider range of individuals. However, findings are critical of 
learning styles theories [21], and point towards little empirical evidence. Accordingly, 
this study deviates from focusing on variations in sensory modalities which may affect 
learning approach within VR. Instead, one application is set for both groups to explore, 
thus, reducing the effects of varying learning styles. 

A previous study [22] used simple online interactive simulations to mimic real ex-
periments, publishing results that revealed 86% of the study’s subjects found these sim-
ulations helpful alongside a reported increased willingness to answer questions. Fur-
thermore, previous investigations [23] of VR as a learning resource have compared it 
directly to traditional learning, including one comparing lecture-based teaching to im-
mersive VR-based teaching. Results highlight an improvement of 15% in favor of VR 
and generally similar findings exist within the literature. With vast amounts of existing 
evidence in favor of VR-based learning in education compared to traditional methods, 
there remains a need to explore the tool itself in an attempt to utilize its maximum 
potential. Consequently, this study focuses instead on exploring how different degrees 
of immersion in VR can lead to differences in learning gain, amongst other outcomes, 
which would support institutions already invested in using VR within curricula and 
would find interest in understanding how to enhance student engagement with this new 
tool. Three challenges have been identified; cost, usability and fear of technology [24], 
to explain why some educators may be reluctant to invest in its use and so evidence 
from this study aims to further identify whether the application is worth pursuing. 
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1.4 Aims of the Study 

Based on previously highlighted classifications and definitions of degrees of immer-
sion, this study is based on a system of human-virtual environmental interaction, also 
described as immersive experience, in comparison to a non-interactive, also classified 
as non-immersive, experience. 

The study is conducted as an objective assessment of the impact of immersive virtual 
reality on learning gain compared with a non-immersive video capture of the VR ap-
plication. Despite video capture fitting the earlier recognized classifications, the tool 
may not be perceived as a VR application as it fails to fit two of the basic characteristics 
of VR [25]; the three I’s, known as interaction, immersion and imagination. However, 
studies have proven video to be a more effective medium than text for enhancing mo-
tivation during the learning process [26,27], allowing video capture to form some other 
characteristics of VR including simulation. Furthermore, this video capture cannot be 
classed as “video-based” learning as instructional videos must allow students to interact 
with it to enhance learner engagement yet this study did not enable that. Similarly, a 
distinct media attribute of video includes random access to content; where users can 
select segments, another criterion that video capture does not fit. Thus, in its compari-
son to immersive VR, it is reasonably identified as non-immersive VR. 

Learning gain is defined as the difference in skill, content knowledge and compe-
tency between two time points [28]. The study also aims to break down the multifaceted 
task of identifying differences in reported user experience into its constituent elements 
and then to evaluate each of these elements individually, thus measuring this as a sec-
ondary outcome; assessing variables such as enjoyment, concentration and immersion, 
supports this. Furthermore, understanding user experience is paramount in recognizing 
an effective experience for learning and serves to highlight students as active contribu-
tors rather than passive recipients in learning. While the primary research question fo-
cuses on learning gain, and existing studies have found evidence to identify VR as an 
interesting and enjoyable learning experience for students [29], our research aims to 
compare enjoyment to learning gain and identify potential correlations between the two. 

The primary research question can be described by the hypothesis that improvements 
in learning gain would be higher when students used immersive VR. This hypothesis is 
based on the constructivist model which argues that tools which engage and motivate 
learning through interactivity, where learners play active roles, increase learning gain.  

The secondary research question can be described by the hypothesis that reported 
enjoyment and engagement would  be higher in students who use the immersive VR as 
this new environment reshapes the process of learning material delivery and thus is 
expected to be more attractive for students. Results from the study would consequently 
challenge existing problems with engagement in sessions that are meant to be practical 
but struggle with student enjoyment and thus utilize strict policies such as attendance 
monitoring to encourage participation. 
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1.5 Study Overview and Applications 

The VR learning tool used in this study was a fluid dynamics app adapted from Matar 
Fluids Group’s development for Imperial College London’s chemical engineering de-
partment [30]. The app was primarily designed as an immersive VR tool to enable stu-
dents to experience a liquid flow with real-time feedback through touch and sound. This 
could be applied to blood flow in vessels and identifying related pathology and thus, 
used for teaching across several disciplines, including medical education, to provide 
opportunity for users to learn without real-world consequences of medical error such 
as in surgical intervention. Additionally, surgical competence level can be determined 
before operating on live patients [31]. Despite medical knowledge known to be of con-
temporary nature, a significant proportion of approaches used to deliver this knowledge 
to students remain traditional. Accordingly, it is becoming increasingly challenging to 
incorporate the diversity and complexity of medicine into traditional learning systems 
[32]. Thus far, medical education has taken lead in demonstrating interest in the use of 
3D computer applications, as proven by a study evaluating 3D model use in human 
anatomy; showcasing the technology’s positive impact on students [33]. Other experi-
ments exist to highlight the need for teaching safety procedures without involving the 
safety of a real patient [34,35]. 

In summary, this study focuses on the effectiveness of immersive VR on learning, 
proposing how virtual tools should be designed to maximize this potential, with a large 
consideration of differences in immersion. 

2 Method 

2.1 Participants 

The participants were 36 medical students recruited from a subject pool at Imperial 
College London. Of these 36 were 17 women and 19 men with ages ranging from 18-
21 (M = 20, SD = 0.587). Participants were aware that this study would have no effect 
on their performance in their own degree as content explored was not to be directly 
relevant to them. Subjects were recruited using the exclusion criteria that a) they did 
not possess extensive VR use and b) did not have extensive fluid mechanics knowledge. 
18 participants were randomly assigned to the immersive VR experience (VR group) 
and 18 were assigned to the video capture experience (non-immersive VR group). 

2.2 Materials  

Electronic Materials. The educational material consisted of a VR experience which 
was a 3D render of a pipe created by the Matter Fluids Groups [30] at Imperial College 
London and a PowerPoint designed by the study to explain the VR controls to partici-
pants. The software allowed participants to simulate fluid flow through a pipe whereby 
the effects of particle flow were shown in these simulations. Participants were able to 
move around the pipe or rotate it to appreciate different perspectives. In addition to 
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visual cues, participants were able to hear the particles, as a high-pitched sound would 
play at high-pressure points and a low-pitched sound where the pressure was lowest. 
Similarly, vibrations from the controllers allowed participants to feel the particles. The 
simulation enabled them to generate particles themselves; allowing participants to com-
pare two or more particles at multiple areas of the pipe. Both experiences were 10 
minutes in duration and participants could leave and reenter the simulations at any point 
within the designated time frame. Students could ask questions about the controls of 
the immersive VR experience however to standardize responses across all participants, 
they were referred to a printed, annotated version of the PowerPoint they were origi-
nally shown explaining how best to use the experience. Screenshots of both the VR 
experience and the PowerPoint are shown in figures 1a and 1b respectively. 

Fig. 1a. Screenshot from the VR simulation showing inside the pipe on the left and on the right, 
showing particles flowing through the pipe from a wide angle 

 

 
 
 
 
 
 

Fig. 1b. Screenshot from the VR simulation used in the PowerPoint presentation to explain the 
controls, including how to fire a variety of particles 

The non-immersive VR group were also shown the PowerPoint which explained the 
controls of the VR experience. Following this they were shown an 8:36 minute screen 
capture of the VR experience. The screen capture was based on a small pilot study 
which explored each of the possible features of the simulation multiple times and from 
different perspectives, based on how the typical participant would theoretically utilize 
the software. The video also had sound but failed to record controller vibrations for 
obvious reasons. 
Paper Materials. The paper-based materials consisted of a pre-questionnaire, post-
questionnaire and post-test. The pre-questionnaire solicited general demographic infor-
mation such as age and gender and asked participants about their year and subject of 
study, particularly in relation to their understanding of physics. Following this, the par-
ticipants were then asked to either “strongly agree,” “agree,” “neutral,” “disagree,” or 
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“strongly disagree,” with different statements such as “I can recall the basic principles 
of fluid mechanics,” or “I can recall the factors affecting blood flow.” The prequestion-
naire was used to control for any preexisting differences in knowledge between both 
groups. As to not prime the learners, the study used a self-reported background 
knowledge questionnaire as opposed to a pre-test that mirrors the posttest [36]. 

The post-questionnaire asked students to make self-ratings in 8 different themes; 
nausea, comfortability, enjoyment, the controls, concentration, immersion, knowledge 
and time in experience. In each theme different statements corresponded to number 
where participants selected one that applies to them. For instance, the nausea theme 
asked students to select from; “N5 – I felt nauseous for a significant portion of the 
experience and this had a significant effect on my enjoyment,”  “N4 - I felt nauseous 
for a significant portion of the experience, but this didn’t affect my enjoyment,” “N3 – 
I felt nauseous briefly it passed but had a lasting effect on my enjoyment,” “N2 – I felt 
nauseous briefly, but it passed and had no lasting effect on my enjoyment,” “N1 – At 
no point during the experience did I feel nauseous.” The postquestionnaire also in-
cluded an open-ended question asking the participants for any additional comments. 

Finally, the post-test consisted of eight questions designed based on the educational 
material provided. This included a multiple-choice question, a question which involved 
the participants drawing a velocity profile and six short answer questions to examine 
the learning gain of students. The questions ranged from simple factual recall such as 
“where was the velocity fastest?” to questions which demanded an application of what 
students had learned from the simulation or video to a real-life scenario relevant to them 
such as “A probe detects the arrival of two red blood cells – one at the center of the 
vessel and one near the wall. Assuming both are released from one end of a vessel at 
the same time, which will be first detected by the probe at the other end of the vessel?” 
This scenario was chosen as all the participants were from the medical faculty. The 
questions were then marked, with individual scores recorded. The post-test was given 
to the participants just before they entered the experience and were allowed to answer 
the questions at any point within the duration of ten minutes, including simulation time. 
For the participants, the term ‘post-quiz’ as opposed to post-test was used in order to 
avoid priming them for an assessment.  
Apparatus. The VR lesson was presented via Steam Software using an Oculus Rift 
VR. The Oculus Rift VR is a virtual reality system which included two wireless con-
trollers used to navigate the simulation, in addition to a head mounted display and head-
phones. The controllers provided some haptic feedback (i.e. vibrations) for certain parts 
of the simulation as mentioned above. The virtual reality system also included a pair of 
sensors which were constantly tracking the participants and mapped the space in which 
the user was free to move and explore. The video was presented on via a projector. The 
immersive VR system’s controllers and sensors are shown in figure 2. 
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Fig. 2. A participant using the immersive VR system’s controls 

2.3 Procedure  

Participants were signed up for the experiment by opportunistic methods. The partici-
pants were assigned to the immersive VR and non-immersive VR groups depending on 
which time slot they selected; this was not made aware to them before they selected a 
time slot. Multiple immersive VR participants were set up at once, with a maximum of 
4 at one time, in an empty group study room with large space to facilitate the use of all 
VR features and enable walking around in the simulation. The non-immersive VR 
group were tested in a small group study room with up to 4 people watching the video 
at once. Participants were not allowed to interact with each other during the non-im-
mersive experience to allow a fair comparison. A pre-questionnaire was completed be-
fore the VR controls were explained and the post-test was distributed. For the non-
immersive VR group, the video was then started while the immersive VR group put the 
headsets on and began their experience. The post-test was to be completed at any point 
during both experiences. Following this, the post-questionnaire was completed with no 
time limit and participants were thanked and dismissed. 

  
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. A participant during the immersive VR system simulation 
 
A Shapiro-Wilks test justified the use of a Mann Whitney U test for analyzing the post-
test data as well as the post-questionnaire data whilst a Wilcoxon signed rank test was 
justified in comparing pre-questionnaire data to post-test data. 
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3 Results 

Initially, a Shapiro-Wilk test was performed on all data sets to test for normality; 
which proved non-normal distribution across the board [37]. Subsequently, data from 
the post-test scores was subjected to a Mann-Whitney U-test, which was used to test 
for significant differences between two independent sets of data which show non-nor-
mal distribution [38]. The immersive VR group scored a higher average post-test 
score than the non-immersive VR group (figure 4a). This was a significant result as 
confirmed by a Mann-Whitney U-test (p=0.0385).  

 
  

 

 

 

 

Fig. 4a. A comparison of total quiz score between immersive VR and non-immersive VR. 

 
Fig. 4b. A comparison of posttest score per question between immersive VR and non-immersive 
VR groups. Note: statistically significant marked with asterisk (p<0.05). 

On average the VR group performed better than the non-VR group in all but one of the 
quiz questions; question 4. Question 5, which required students to draw a velocity pro-
file, displayed a statistically significant difference according to a Mann-Whitney U-test 
(p=0.0238) (figure 4b).  



11 

The pre-questionnaire was scored according to a predetermined mark scheme 
whereby higher scores were assigned to higher background knowledge prior to under-
taking the experience. The subjects were then ranked according to these scores, with 
those of higher scores expected to perform best in post-test. After the post-test was 
performed, all subjects were ranked according to post-test scores. The changes in each 
ranking were compared per subject, to their performance in the pre-questionnaire. Fol-
lowing a calculation of rank change per individual, the findings were then split into the 
comparison groups; immersive VR and non-immersive VR and the average change in 
rank was registered and depicted in figure 5. The results show an improvement in the 
immersive VR group by an average of 5 ranks from pre-questionnaire rank to post-test 
rank. Contrastingly, the non-immersive VR group declined by an average of 5 ranks. 
Both rankings were processed via a paired difference test; Wilcoxon signed ranks test, 
which highlighted a significant difference in the change in rank between the two data 
sets (p=0.01778).  

 
Fig. 5. A comparison of rank change from pre-questionnaire to quiz – immersive VR vs non-
immersive VR. 

All subjects were asked to fill in a postquestionnaire assessing; degree of nausea (if 
any), comfortability, enjoyment, how easy/difficult controls were, amount of concen-
tration sustained throughout task, level of immersion in experience, amount of per-
ceived knowledge gained from task, level of content with the amount of time spent in 
the task. The subjects then answered questions ranking these components on a scale of 
1-5. Enjoyment and concentration were statistically significant.  
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Table 1. Post-questionnaire results for the immersive VR group. 

 
Note: statistically significant marked with asterisk (p<0.01). 

  
Figure 6. illustrates a comparison of the levels of perceived enjoyment and concentra-
tion between the immersive VR and non-immersive VR groups. The results show that 
the immersive VR group demonstrated higher average levels of enjoyment and concen-
tration than the non-immersive VR group. The immersive VR group’s data also re-
flected a smaller range of results and thus less variation; indicating a more consistent 
set of responses, as reinforced by a significant Mann-Whitney U-test p=0.0074 (enjoy-
ment) and p=0.0001 (concentration). 

 
Fig. 6. Comparison between immersive VR and non-immersive VR - perceived enjoyment and 

concentration. 

4 Discussion 

4.1 Summary 

Overall, data from the study recognized immersive VR to be significantly more effec-
tive in increasing learning gain whilst two key measures of reported experience; enjoy-
ment and concentration also appeared significantly higher for the immersive VR learn-
ers. Students who used the non-immersive VR tool not only scored lower in the posttest, 
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but also performed worse than expected based on calculated rank changes whilst the 
opposite was true for the comparison group. Reported experience results were also 
lower across the different variables assessing this and although differences were not 
wholly significant, it is reasonable to conclude that overall reported user experience 
was higher for immersive VR users. 

4.2 Evaluation 

A closer look at the post-test scores proved maximum scores to be equal for both 
groups, indicating that students experienced a large increase in their learning gain, re-
gardless of the learning tool used. This suggests that immersion may not be a significant 
factor in improving performance academically. Important considerations of other fac-
tors include some highlighted by a study [39], which explored student engagement 
through virtual interactions but used alternative methodology to achieve this; observing 
student behavior as opposed to direct assessments of learning gain. The research re-
vealed the effects of orientation on engagement and interactions. Despite the use of 
different methodology, the study recognized that students who did not orient them-
selves properly were observed to struggle with the virtual tools and assignment. This 
may thus provide an explanation as to why not all students in the immersive VR were 
able to achieve higher than their counterparts in the comparison group, as is affirmed 
by some of the qualitative feedback statements: “It took a while to understand the rules 
of using the console and maybe background info for the questions would have been 
useful”. Orientation was bound to be more difficult to grasp in the immersive VR as 
they were made to make use of the tool in order to explore the learning elements, as 
opposed to those who watched a video capture of the virtual world to understand more 
about fluid mechanics. The self-efficacy theory argues that students put more effort into 
their work when they see themselves as competent for the task [40]. Bandura [41] fur-
ther argued that self-efficacy affects the amount of effort and persistence that a person 
devotes to a task. Orientation may limit students’ persistence if they deem themselves 
incompetent due to the challenges of the new world and thus it may hinder learning 
gain. Further investigations could perhaps focus on giving students more time for ori-
entation and identify how much of a limiting factor orientation may be in preventing 
some students from acquiring maximum scoring. 

Furthermore, an additional supporting explanation for such differences may be found 
in the cognitive theory of multimedia learning [42], and cognitive load theory [43], 
which identify that the addition of features such as visual effects, can create extraneous 
processing in the student, which describes cognitive processing that is not relevant to 
the instructional tasks. Learners have limited cognitive processing capacity, and thus if 
much of that capacity is dedicated to extraneous processing, less remains to engage 
with the material and make sense of it. This furthers arguments of orientation issues 
when using ‘new’ technology such as immersive VR. 

Nonetheless, dispersion within the post-quiz scores for the non-immersive group was 
greater, indicating that there are more definitive factors responsible for differences in 
learning gain. These include consideration of variation in individual learning ap-
proaches. Considering that not all the immersive VR group were able to achieve this 
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maximum score and thus due to dispersion in post-quiz scores within that group itself, 
differences observed with reduced confounding factors within each group are bound to 
be due to variations in the students themselves and their learning preferences. Creating 
a virtual world that is immersive may be preferable for some, but not all; suggesting 
that immersion is not the cause of increased learning gain as it may in fact decrease 
learning gain for some students, as proven by some students attaining maximum scores 
using non-immersive VR whilst others using immersive VR were not able to. Appreci-
ating that learning material does not always complement the preferences and personal-
ity of learners allows recognition of the existence of variation within student learning 
preferences. However, whilst this variation is important to appreciate, results from this 
study suggest that overall, there was a distinct increase in learning gain in favor of the 
immersive tool. This is as results highlight that on average the immersive VR group 
improved in ranking by 5 ranks, while the non-immersive group declined by 5 ranks 
significantly, where ranking compared knowledge on topic areas, as expressed in pre-
questionnaire, and thus determined an expectation for learning gain per individual. This 
proves that the immersive VR group performed significantly better than expected whilst 
the opposite was true for other group, enabling a conclusion that the differences within 
the tools themselves were responsible for this and that individual learning preferences 
had minor effects in this case. 

Moreover, reported experience recognized significant gains in enjoyment as well as 
concentration, as students possibly demonstrated that breaking routine to use something 
different or new, made the learning more enjoyable and thus engaging. This argues 
against the cognitive load theory and in favor of students interacting with new technol-
ogy. This is supported by findings that suggest that on average, immersive VR group 
performed better on all questions apart from question 4 where both groups performed 
the same on average. This was a simple recall question whereas question 5 was largely 
based on students applying their knowledge; demanding higher levels of engagement 
to enable better understanding. Results showed that the immersive VR group performed 
significantly better in this question whereby it was most reliant on exploration in re-
quiring a velocity profile of particle flow. Explanation for this increased engagement is 
highly likely to be due to the immersion of the technology as the non-immersive group 
watched particles repeatedly firing in the walls compared to the center whilst immersive 
VR allowed individuals to explore outside of a fixed learning frame, i.e. they were able 
to fire particles in between. This is evidence to support that the difference between both 
groups is due to the immersive aspect of the VR that facilitated an explorative aspect 
which enabled active learning that was also self-directed. 

Explanation of the importance of immersion as a factor contributing to learning gain 
is as highlighted earlier in this paper; the constructivist learning theory, where individ-
uals are assumed to learn better by discovering by themselves and remaining in control 
of their learning pace, as highlighted by theoretically exploring the use of VR in road 
safety education [44]. The theory’s explanations are in common with the findings from 
a study [29], which recognized the self-direction in immersive VR as an active experi-
ence. Additionally, research has proven evidence for principles when designing multi-
media educational tools [45]. Amongst them is the segmenting principle that claims 
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individuals learn better when lessons are presented in user-directed segments. This prin-
ciple manages essential processing by allowing the learner to decide when to add more 
incoming information. The immersive features enable the user to feel a sense of explo-
ration and involvement in the VR; incorporating active learning as the user is so in-
volved, this also makes them more concentrated. This counters the cognitive load the-
ory claims that suggest extraneous factors can inhibit performance when overloaded. 

Student motivation plays a large role in learning, as those who are more motivated 
are more likely to engage and demonstrate resilience when overcoming obstacles in 
understanding [46]. This motivation enables the student to stay focused throughout con-
tinuous lessons and invest more energy in assigning cognitive tools to more difficult 
learning tasks. This provides further explanation for the higher learning gain results in 
immersive VR; based on interest theory and self-efficacy theory. According to interest 
theory, students are more engaged when they value learning material, either intrinsi-
cally (individual interest) or by the situation (situational interest) [47]. Since individual 
interest is not guaranteed (as explained by this study’s results which noted variation in 
individual learning styles), immersive VR offers situational interest to account for this 
as a novel technology could prime a learner’s situational interest more than traditional 
learning tools. Thus, students are more inclined to pay attention, actively interact and 
persist; fostering generative processing and deeper learning. Furthermore, the immer-
sive aspect of VR enables a feedback system through facilitating user interaction. Spe-
cifically, when the user fired particles for instance, they were able to follow that parti-
cle’s movement; enabling immediate and adaptive feedback to the students from the 
immersive tool. This feedback serves to boost the student’s self-efficacy, which would 
in turn enhance their motivations to continue using the tool. 

Outside of learning gain, the benefits of immersion to student experience retain their 
value as scores from reported experience were significantly higher for the immersive 
VR students, in addition to large variations in perceived enjoyment and concentration 
levels for those experiencing a non-immersive VR. Such findings imply that individual 
preferences, which may contribute to differences in learning styles, cause greater vari-
ation within the non-immersive VR tool as opposed to the immersive technology. 
Whilst it’s important to consider individual experiences for students, educational insti-
tutions must consider tools that are generally more favorable for students and this is 
best demonstrated in the interactions students experience in the immersive VR group 
as a bigger proportion with less variation. Nonetheless, educators may account for in-
dividual learning styles by not restricting time spent on the learning tools as students 
across both groups stated that the time spent in the experience was “good” but they 
would’ve preferred more/less time; emphasizing the role of self-directed learning 
across all platforms. 

4.3 Limitations and further research 

The study presented a number of limitations that can be of important note to further 
research. Due to the set-up of the experiment, all participants were students from the 
same institution, yet, this population is sufficiently generic to allow certain generaliza-
tions to other institutions. Additionally, this study is exploratory in nature in basing 
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some results on students’ subjective views through self-reporting. Yet this was useful 
as qualitative feedback did reiterate other findings linking immersion to engagement, 
which was certainly well-demonstrated through learning gain, as students described 
how they “temporarily forget worries about everyday life in the experience” for immer-
sive VR users. However, while the importance of self-reports should not be underesti-
mated, such evaluations remain subjective and hence, they cannot completely reflect 
learning outcomes and so further studies should consider more objective measures of 
user experience. 

Moreover, further investigations could explore allowing more time for orientation 
until learners have reached a satisfactory level before commencing on the tasks in the 
virtual world. Studies should also investigate the effects of long-term immersive VR 
use to identify differences in student engagement when the technology is no longer new 
or novel to learners. This is as this study raises questions as to whether students will 
still find the experience exciting and engaging, thus will reported experience still be in 
favor of using immersive VR? Further investigation can also explore whether a combi-
nation of tools may be more beneficial in comparison to each alone to help combat the 
potential loss in learning tools’ novelty which could result in lower engagement in stu-
dents. A more longitudinal study could also display long-term study effects and their 
impact on memory although this is notably difficult as it would require a replication in 
students of established curricula; introducing ethical barriers in randomizing students 
to different teaching methods. 

Existing research has recognized that group work skills form invaluable teaching 
tools that support students in increasing learning and retention whilst simultaneously 
preparing them for working effectively in a professional environment [48]. Thus, future 
research could compare immersive VR to the other categorizations involving immer-
sive group-VR whereby the tool allows simultaneous, real time access by multiple stu-
dents and potentially educators themselves. Across all further research, a need remains 
for more rigorous methodologies and larger sample sizes to propel the value of existing 
explorative research; an aim that should be central to future studies. 

5 Conclusion 

The main contribution of this study is in examining the impact on learning gain; meas-
uring student engagement through this, in addition to reported experiences. In research, 
replication is the essence of believability and as such, findings from this study come in 
agreement with the few others which focus on student engagement but employ different 
methodologies. The study thus adds to the small pool of evidence but suggests exten-
sive avenues for further research in this growing and new field, recognizing the need 
for using the existing immersive technology to appeal to a variety of students’ learning 
preferences by perhaps designing them to feature multiple learning techniques. This 
enables choice in engagement with the learning methods in a manner that interests stu-
dents the most; enabling motivation due to individual interest in addition to the existing 
situational interest. This is particularly important as the novelty of this new tool may 



17 

wear off and consequently decrease the effects of situational interest; a crucial consid-
eration that future studies should explore. 

Nonetheless, for educators, the important outcomes of learning focus on methods 
that facilitate more self-directed and student-centered learning to enable active learning, 
and this study recognizes the increasing need for the role of teachers or educators to be 
instructional designers or supporters of activities that aim to engage students [49]; al-
lowing reasonable reliance on this new emerging tool. Educators’ roles should now be 
adapted to “teach” students how to make the most of the content developed; allowing 
students to be supported in orienting and familiarizing themselves with the virtual 
world’s tools and then independently exploring its potentials. Future studies may ex-
plore the addition of other users to enable teamwork and more social skills to be devel-
oped and applied to investigate whether this would boost the incentives for more intense 
interactions and consequently higher engagement levels. 
Acknowledgements. The authors wish to acknowledge and thank the students who 
participated in the research experience. A special thanks to our supervisors Irene Kal-
kanis, Thomas Hurkxkens, Nitesh Bhatia and their colleagues in the Digital Learning 
Hub for their support and guidance throughout the project in addition to the Matar Fluid 
Group for their development of the learning tools used. 

References 

1. Sutherland I. Sketchpad a Man-Machine Graphical Communication System. SIMULATION 
2(5):R-3-R-20 (1964). 

2. Lanier J, Biocca F. An Insider's View of the Future of Virtual Reality. Journal of Commu-
nication 42(4):150-172 (1992). 

3. Mandal S. Brief Introduction of Virtual Reality & its Challenges. International Journal of 
Scientific & Engineering Research 4(4) (2013). https://www.ijser.org/researchpaper/Brief-
Introduction-of-Virtual-Reality-its-Challenges.pdf, last accessed 2019/12/21. 

4. Fuchs, H., and Bishop, G. Research Directions in Virtual Environments. Chapel Hill, NC: 
University of North Carolina at Chapel Hill (1992). 

5. Suh, Lee. The Effects of Virtual Reality on Consumer Learning: An Empirical Investigation. 
MIS Quarterly 29(4):673 (2005). 

6. Kovach S. Facebook Buys Oculus VR For $2 Billion. Business Insider. https://www.busi-
nessinsider.com/facebook-to-buy-oculus-rift-for-2-billion-2014-3?r=US&IR=T, last ac-
cessed 2019/12/21. 

7. Moore M. Reality check for VR as projects scrapped. https://www.thetimes.co.uk/article/re-
ality-check-for-vr-as-projects-scrapped-frsqktxcw, last accessed 2019/12/21. 

8. Serino S, Cipresso P, Morganti F, Riva G. The role of egocentric and allocentric abilities in 
Alzheimer's disease: A systematic review. Ageing Research Reviews 16:32-44 (2014). 

9. Bohil C, Alicea B, Biocca F. Virtual reality in neuroscience research and therapy. Nature 
Reviews Neuroscience 12(12):752-762 (2011). 

10. Berntsen K, Palacios R, Herranz E. Virtual reality and its uses. Proceedings of the Fourth 
International Conference on Technological Ecosystems for Enhancing Multiculturality - 
TEEM '16 (2016).  

11. Zhao Q. A survey on virtual reality. Science in China Series F: Information Sciences 
52(3):348-400 (2009). 



18 

12. Zhang D, Zhou L, Briggs R, Nunamaker J. Instructional video in e-learning: Assessing the 
impact of interactive video on learning effectiveness. Information & Management 43(1):15-
27 (2006). 

13. Cooper J, Heron T, Heward W. Applied behavior analysis. Upper Saddle River, N.J.: Pear-
son/Merrill-Prentice Hall (2008). 

14. Nikopoulou-Smyrni P, Nikopoulos C. Evaluating the impact of video-based versus tradi-
tional lectures on student learning (2010). http://internationalresearchjournals.org/full-arti-
cles/evaluating-the-impact-of-video-based-versus-traditional-lectures-on-student-learn-
ing.pdf?view=inline, last accessed 2019/12/21. 

15. Abdullah J, Mohd-Isa W, Samsudin M. Virtual reality to improve group work skill and self-
directed learning in problem-based learning narratives. Virtual Reality 23(4):461-471 
(2019). 

16. Zimmerman B, Schunk D. Self-regulated learning and academic achievement: Theoretical 
Perspectives. 2nd ed. New York: Routledge (2001). 

17. Keller J, Suzuki K. Learner motivation and E-learning design: A multinationally validated 
process. Journal of Educational Media 29(3):229-239 (2004). 

18. Mount N, Chambers C, Weaver D, Priestnall G. Learner immersion engagement in the 3D 
virtual world: principles emerging from the DELVE project. Innovation in Teaching and 
Learning in Information and Computer Sciences 8(3):40-55 (2009). 

19. Yee N. Motivations for Play in Online Games. CyberPsychology & Behavior 9(6):772-775 
(2006). 

20. Barbe, W., Milone, M. & Swassing, R. Teaching through Modality Strengths. Columbus, 
OH: ZanerBloser (1988). 

21. Riener C, Willingham D. The Myth of Learning Styles. Change: The Magazine of Higher 
Learning 42(5):32-35 (2010). 

22. Bellamy M, Warren A. Using Online Practicals to Support Lab Sessions. (2011). http://ed-
share.soton.ac.uk/id/document/243301, last accessed 2019/12/21. 

23. Webster R. Declarative knowledge acquisition in immersive virtual learning environments. 
Interactive Learning Environments 24(6):1319-1333 (2015). 

24. Bricken M. Virtual reality learning environments: potentials and challenges. ACM 
SIGGRAPH Computer Graphics 25(3):178-184 (1991). 

25. Burdea G, Coiffet P. Virtual reality technology. New York: Wiley (1994). 
26. Choi H, Johnson S. The Effect of Context-Based Video Instruction on Learning and Moti-

vation in Online Courses. American Journal of Distance Education 19(4):215-227 (2005). 
27. Shyu H. Using video‐based anchored instruction to enhance learning: Taiwan's experience. 

British Journal of Educational Technology 31(1):57-69 (2000). 
28. McGrath, C., Guerin, B., Harte, E., Frearson, M., & Manville, C. Learning gain in higher 

education. Santa Monica, California and Cambridge UK: RAND (2015). 
https://www.rand.org/content/dam/rand/pubs/research_re-
ports/RR900/RR996/RAND_RR996.pdf, last accessed 2019/12/21. 

29. Hussein M, Natterdal C. The Benefits of Virtual Reality in Education A Comparison Study. 
Department of Computer Science and Engineering CHALMERS UNIVERSITY OF 
TECHNOLOGY UNIVERSITY OF GOTHENBURG (2015). https://pdfs.seman-
ticscholar.org/5310/aa72c3946d29ff1c538e82f89425c7f78d8f.pdf?_ga=2.249113359.9848
3112.1576846678-911970774.1576846678, last accessed 2019/12/21. 

30. West S. Innovative virtual reality software developed to enhance fluid dynamics lectures. 
Imperial College London News. https://www.imperial.ac.uk/news/189866/innovative-vir-
tual-reality-software-developed-enhance/, last accessed 2019/12/21. 



19 

31. Ota D, Loftin B, Saito T, Lea R, Keller J. Virtual reality in surgical education. Computers 
in Biology and Medicine 25(2):127-137 (1995). 

32. Alfalah S, Falah J, Alfalah T, Elfalah M, Muhaidat N, Falah O. A comparative study between 
a virtual reality heart anatomy system and traditional medical teaching modalities. Virtual 
Reality 23(3):229-234 (2018). 

33. Nicholson D, Chalk C, Funnell W, Daniel S. Can virtual reality improve anatomy education? 
A randomised controlled study of a computer-generated three-dimensional anatomical ear 
model. Medical Education. 40(11):1081-1087 (2006). 

34. Shim K, Park J, Kim H, Kim J, Park Y, Ryu H. Application of virtual reality technology in 
biology education. Journal of Biological Education 37(2):71-74 (2003).  

35. Huang H, Liaw S, Lai C. Exploring learner acceptance of the use of virtual reality in medical 
education: a case study of desktop and projection-based display systems. Interactive Learn-
ing Environments 24(1):3-19 (2013). 

36. Fiorella, L., & Mayer, R. E. Learning as a generative activity: Eight learning strategies that 
promote understanding. New York, NY: Cambridge University Press (2015). 
http://dx.doi.org/10.1017/CBO978110 7707085, last accessed 2019/12/21. 

37. Ghasemi A, Zahediasl S. Normality Tests for Statistical Analysis: A Guide for Non-Statis-
ticians. Int J Endocrinol Metab 10(2):486-489 (2012). doi: 10.5812/ijem.3505, last accessed 
2019/12/21. 

38. McKnight P E,Najab J. Mann‐Whitney U Test- The Corsini Encyclopedia of Psychology. 
John Wiley & Sons (2010). https://onlineli-
brary.wiley.com/doi/abs/10.1002/9780470479216.corpsy0524, last accessed 2019/12/21. 

39. Christopoulos A, Conrad M, Shukla M. Increasing student engagement through virtual in-
teractions: How?. Virtual Reality 22(4):353-369 (2018).  

40. Schunk D, DiBenedetto M. Self-Efficacy: Education Aspects. International Encyclopedia of 
the Social & Behavioral Sciences 515-521 (2015). 

41. Bandura A. Self-efficacy: Toward a unifying theory of behavioral change. Psychological 
Review 84(2):191-215 (1997). 

42. Mayer R. Cognitive Theory of Multimedia Learning. The Cambridge Handbook of Multi-
media Learning. 43-71 (2014). 

43. Sweller J, Ayres P, & Kalyuga S. Cognitive Load Theory. New York, Springer (2011). 
44. Fokides E., Tsolakidis C. Virtual Reality in Education: A Theoretical Approach for Road 

Safety Training to Students. European Journal of Open and Distance Learning (EURODL) 
Issue II (2008). http://www.eurodl.org/materials/contrib/2008/ Fokides_Tsolakidis.htm, last 
accessed 2019/12/21. 

45. Mayer, R. E. Multimedia learning. New York, NY: Cambridge University Press (2009). 
http://dx.doi.org/10.1017/CBO9780511811678, last accessed 2019/12/21. 

46. Mayer R, Griffith E, Jurkowitz I, Rothman D. Increased interestingness of extraneous details 
in a multimedia science presentation leads to decreased learning. Journal of Experimental 
Psychology: Applied 14(4):329-339 (2008). 

47. Schiefele U. Situational and individual interest. In K. R. Wentzel & A. Wigfield (Eds.), 
Handbook of motivation in school. 1st ed. New York: Taylor and Francis (2009). 

48. Abdelkhalek N, Hussein A, Gibbs T, Hamdy H. Using team-based learning to prepare med-
ical students for future problem-based learning. Medical Teacher 32(2):123-129 (2010). 

49. Christopoulos A, Conrad M, Shukla M. Increasing student engagement through virtual in-
teractions: How?. Virtual Reality 22(4):353-369 (2018). 

 
 


