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A B S T R A C T

Immersive virtual reality (IVR) is a motivating new learning tool. However, discrepancies in results emerge 
regarding the type of knowledge, specifically factual knowledge. Moreover, to improve the instructional design, 
authors claimed to verify the impact of cognitive load and spatial abilities while learning in IVR. Sixty-one 
undergraduate students were recruited and divided into two groups in pre-post, test study design. Learning 
consisted of using “Google Earth” with a Head Mounted Display (HMD) or a desktop computer to improve 
general geographic knowledge. Pre-training and segmentation were included in the learning process, and levels 
of presence, spatial orientation and cognitive load were measured to evaluate their impact. Results show that the 
two groups significantly improved their performance between pre and post-test. HMD users felt more present 
than computer users. Overall cognitive load did not hinder the learning performance. The analysis of cognitive 
load dimensions reveals significant differences in the mental load and frustration levels between the two groups. 
Spatial orientation was not correlated to the learning process. The use of HMD is effective for learning geographic 
general knowledge. When managed overall cognitive load does not influence learning although the use of HMDs 
elicits high mental load levels. HMD users are experiencing less frustration indicating it may be suitable for long- 
distance learning. HMD technological features compensate for spatial orientation abilities. Finally, presence does 
not enhance learning, suggesting it should be combined with interactions eliciting feedback to be more effective.

1. Introduction

The integration of technology into education has significantly 
transformed traditional learning paradigms, with Immersive Virtual 
Reality (IVR) emerging as a particularly promising tool. IVR offers 
unique opportunities to enhance learning by immersing students in 
virtual environments that closely replicate real-world scenarios, thereby 
fostering deeper engagement and improved knowledge retention. While 
IVR has shown effectiveness across various domains, such as skills 
training and science education, its application in acquiring factual 
knowledge remains underexplored, with mixed results in existing 
studies. This study aims to address these gaps by investigating the 
impact of IVR on the acquisition of general geography knowledge, with a 
focus on the roles of cognitive processes, such as, cognitive load and 

spatial abilities in the learning process.
To achieve this, we will employ a pre-post-test experimental design, 

comparing learning outcomes between an IVR group using Head- 
Mounted Displays (HMDs) and a Non-Immersive Virtual Reality 
(NIVR) group using desktop computers. Additionally, we will explore 
how instructional design principles, such as pre-training and segmen
tation, can mitigate cognitive load and enhance learning outcomes in 
IVR environments. By examining these factors, the study seeks to 
contribute to a deeper understanding of the instructional potential of 
IVR, particularly in the context of factual knowledge acquisition.

2. Literature review

To provide a comprehensive understanding of the role of IVR in 
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education, this literature review is organized into four key sections. The 
first part discusses the fundamentals of immersive learning and the 
distinction between IVR and NIVR. The second part delves into the 
cognitive theories that underpin multimedia learning, particularly 
focusing on cognitive load in IVR environments. The third section ex
plores the influence of spatial abilities on learning outcomes with IVR. 
Finally, the fourth section sets forth the objective of the study and the 
hypotheses that have been formulated.

2.1. Immersive learning

Education, like many other aspects of daily life, is influenced by 
technology (Raja & Nagasubramani, 2018). More precisely, virtual re
ality is emerging as a new learning tool. Indeed, Hamilton et al. (2021)
noted that the decreasing cost of virtual reality devices and the 
increasing graphical fidelity of virtual environments are contributing to 
the proliferation of virtual reality in education. Virtual reality can be 
split into two categories; NIVR accessed through tools as a desktop 
computer providing virtual reality, and immersive virtual reality IVR 
accessed through tools as a cave automatic virtual environment (CAVE) 
or HMD (Buttussi & Chittaro, 2017). Learning with both, non-immersive 
and immersive virtual reality allows the user to be actively involved in 
the learning process (i.e. active learning) (Mayer et al., 2022). However, 
compared to non-immersive virtual reality, which allows to see the 
virtual world from outside, IVR provides the opportunity to “feel” inside 
the virtual world. The psychological construct of “feeling” in the virtual 
world, is called “sense of presence” and is made possible by the degree of 
immersion provided by the technological device (Makransky & 
Petersen, 2021). Likewise, when the technological device enables the 
feeling of generating and controlling actions, the user experiences a 
sense of “agency” (Moore & Fletcher, 2012) which reinforces the feeling 
of being in the virtual world. Both, presence and agency facilitate 
learning as they are general psychological affordances of learning in IVR 
(Makransky & Petersen, 2021). Improvements in the technological 
features of HMDs (e.g. field of view; frame rate; level of detail; con
trollers; tracking technology) can enhance the sense of presence and 
agency (Cummings & Bailenson, 2016; Jicol et al., 2023, pp. 1–17). In 
other words, modern HMDs are more likely to offer technological fea
tures that promote a greater sense of presence and agency (Cummings & 
Bailenson, 2016).

As said, immersive virtual reality can be accessed by HMDs or a 
CAVE. Given its lower price and higher availability, studies investigated 
more particularly HMDs as IVR learning tool (Wu et al., 2020). Indeed, 
the portability and size of HMDs, while offering high technological 
features (e.g. field, of view, frame rate, eye tracking) obviously facilitate 
experimentation. Results show for example that IVR is more efficient 
than traditional learning tools (e.g. 2D didactic presentations) for skills 
training in healthcare procedures (Ryan et al., 2022), safety training or 
science education (Wu et al., 2020). Indeed, providing opportunities to 
train or learn high hazard procedures without the fear of making a 
mistake, promotes learning (Ryan et al., 2022) and improves skills 
ability in the real world as there is evidence that virtual skill acquisition 
could be transferrable to the real world (Hamilton et al., 2021). In 
addition, IVR also offers the possibility to “immerge” in environments 
that would otherwise be inaccessible due to high costs (e.g. Greenland) 
(Makransky & Mayer, 2022) or inaccessibility (e.g. inside of the human 
body) (Klingenberg et al., 2023; Maresky et al., 2019). Giving the 
learner the opportunity to feel inside the environment they need to learn 
about is highly stimulating and motivating (Çeken & Taşkın, 2022). As a 
result, IVR offers the possibility of learning in numerous fields, be it 
geography (Bryan et al., 2018, pp. 1–9; Olmos et al., 2018, pp. 95–106), 
biology (Maresky et al., 2019), astronomy (Madden et al., 2018), ar
chitecture (Ummihusna & Zairul, 2022) or ecology (Makransky & 
Mayer, 2022).

The aforementioned literature extensively demonstrates the value of 
IVR in learning, as evidenced by numerous systematic reviews on the 

subject (Cao et al., 2023; Conrad et al., 2024; Radianti et al., 2020). 
These studies consistently highlight IVR’s potential to enhance educa
tional experiences by providing immersive, interactive environments 
that foster deeper engagement and improved knowledge retention. The 
collective findings underscore the growing recognition of IVR as a 
powerful tool in educational settings, capable of transforming tradi
tional learning approaches by immersing students in realistic scenarios 
that bridge the gap between theoretical knowledge and practical 
application. Despite promising results, learning with IVR still has some 
gaps, which have been highlighted in several papers (Hamilton et al., 
2021; Makransky & Petersen, 2021; Mayer et al., 2022). For example, it 
is important to note that IVR learning does not yet seem to be the ideal 
tool for acquiring all types of knowledge (Makransky & Petersen, 2021). 
In fact, studies aimed at the acquisition of procedural knowledge have 
more positive results compared to studies aimed at factual knowledge, 
which have contrasting results. Procedural knowledge can be defined as 
the way of “how to do something” (Krathwohl, 2002). One reason why 
IVR seems to be more appropriate for procedural knowledge is that it 
provides optimal conditions for rehearsing and training high-risk pro
cedures (Ryan et al., 2022; Wu et al., 2020; Xin et al., 2019). Factual 
knowledge can be defined as the basic elements that students must know 
to be acquainted with a discipline or to solve problems in it (Krathwohl, 
2002). In other words, knowledge of specific details, elements, or facts. 
The learning of the latter has been studied, for example, by Parong and 
Mayer (2018). In this study, the authors compared the learning of 
factual knowledge in IVR with a slideshow presentation on a desktop 
computer. The results show that the slideshow group outperformed the 
IVR group in learning outcomes. Another study comparing the learning 
of factual knowledge through different means (i.e. video versus HMD) 
found no significant difference between the group that followed the 
lesson through the HMD and the group that followed the video lesson 
(Meyer et al., 2019). Other studies that combined factual knowledge and 
conceptual knowledge (defined as the relationships between basic ele
ments within a larger structure that enable them to function together 
(Krathwohl, 2002),) into declarative knowledge also found mixed re
sults. In fact, the study by Webster (2016) found positive results for the 
IVR group compared to a lecture-based group, the study by Makransky, 
Borre-Gude, and Mayer (2019) found no differences between an IVR 
group and a booklet group and finally the IVR group was outperformed 
by a desktop computer group in the study by Makransky, Terkildsen, and 
Mayer (2019). A systematic review confirms this discrepancy in find
ings, with half of the 24 studies analysed showing learning benefits, 
while the other half show no benefits or are detrimental to learning 
when using IVR (Hamilton et al., 2021). Taken together, these studies 
suggest that the instructional design for learning factual knowledge with 
IVR tools is not entirely clear, and further research is needed.

2.2. Cognitive load and cognitive theory of multimedia learning

Cognitive load theory suggests that learning is facilitated when 
conditions match the human cognitive architecture (Sweller et al., 
1998). Indeed, learning requires working memory resources to process 
new information and is limited in the amount of new information that 
can be processed simultaneously. Therefore, instructional methods 
should avoid exceeding this capacity in order to prevent cognitive 
overload (Sweller et al., 2019).

The theory of multimedia learning is concerned with the cognitive 
load of multimedia learning (Mayer & Moreno, 1998). To reduce the 
cognitive load, recommendations have been provided (Mayer & Mor
eno, 2003). It has been suggested that applying these recommendations 
could be effective when learning with IVR. Indeed, studies have found 
that the use of IVR tools results in high levels of cognitive load (Han 
et al., 2021; Makransky, Terkildsen, & Mayer, 2019; Srivastava et al., 
2019) as learners are faced with a variety of stimuli in an environment 
that may be novel (Concannon et al., 2019). Incorporating recommen
dations could help to reduce the cognitive load and facilitate learning, 
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especially since principles such as segmentation and pre-training have 
been shown to be effective in multimedia learning (Mayer & Moreno, 
2003). Pre-training involves introducing key concepts and main char
acteristics before the learning session (Çeken & Taşkın, 2022). Studies 
have evaluated the impact of pre-training on IVR and have shown an 
increase in learning (Meyer et al., 2019; Petersen et al., 2020). Similarly, 
segmentation, which consists in dividing a lesson into smaller chunks, 
has recently been shown to enhance knowledge transfer during IVR 
learning (Klingenberg et al., 2023; Mayer & Pilegard, 2005, pp. 
169–182). In both cases, the authors suggested that pre-training and 
segmentation may have reduced the cognitive load, thereby facilitating 
learning. However, cognitive load was not measured. Therefore, the 
authors recommended measuring cognitive load during IVR learning 
while applying recommendations to manage cognitive load, which 
would provide a better understanding of its underlying mechanisms in 
IVR. This suggestion adds to a systematic review that invites future 
research to gain a deeper understanding of this interaction (Pellas et al., 
2021).

2.3. Spatial abilities

As stated in the previous section, exploring cognitive processes 
during learning is thus particularly important for comprehending 
learning outcomes whether utilising multimedia (Scheiter et al., 2017) 
or IVR (Parong & Mayer, 2021). Therefore, authors called for investi
gating the impact of spatial abilities in IVR learning (Makransky & 
Mayer, 2022; Makransky & Petersen, 2021). Spatial abilities may be 
defined as a personal ability to generate, retain, retrieve, and transform 
well-structured visual images (Lohman, 2013). Spatial abilities have 
been found to have a positive correlation with numerous academic and 
professional fields. Therefore, the acquisition of skills in subjects such as 
science, technology, engineering, mathematics (Stieff & Uttal, 2015) or 
anatomy (Berney et al., 2015) is positively influenced by spatial abili
ties. Spatial abilities also positively influence performance in profes
sional fields such as architecture (Berkowitz et al., 2021), surgery 
(Wanzel et al., 2002) and art (Haanstra, 1996).

Although there is a correlation between learning and spatial abilities, 
it is important to note that discrepancies in results do exist (Kühl et al., 
2022). Specifically, in multimedia learning, it seems that the results vary 
depending on whether the content is presented in an animated or static 
way (Heo & Toomey, 2020). Two existing theories provide an expla
nation. On one side, the “ability as enhancer hypothesis” states that 
dynamic and animated resources are more complex because they 
contain procedural information and thus require high spatial abilities to 
be assimilated. In opposition, the “ability as compensator hypothesis” 
states for its part that animated and dynamic content can compensate for 
learners’ lack of spatial abilities thereby facilitating the learning process 
(Heo & Toomey, 2020). As with multimedia learning, questions have 
been raised about the impact of spatial skills on learning through IVR. 
Studies have highlighted the need to assess the influence of spatial 
abilities on immersive learning (Makransky & Petersen, 2021; Mayer 
et al., 2022). While it has been demonstrated that use of virtual reality 
tools can improve spatial abilities (Di & Zheng, 2022; Molina-Carmona 
et al., 2018), it is not yet clear whether spatial abilities can enhance 
learning in IVR. This question is complicated by the existence of multiple 
spatial abilities and tests, which can create uncertainty when selecting 
which spatial ability to evaluate and which test to use (Yılmaz, 2009).

2.4. The present study and hypotheses

To summarise the above addressed sections. IVR tools provide the 
opportunity to users to feel as if they were “inside” the content to be 
learned and are therefore innovative new learning tools. In addition, IVR 
is perceived by its users as highly motivating for learning, which in
creases its effectiveness (Çeken & Taşkın, 2022; Makransky & Petersen, 
2021). However, as explained, further research is necessary to address 

the gaps regarding the learning of cognitive knowledge (i.e. factual, or 
conceptual knowledge) with IVR tools. Moreover, recent studies have 
called for measuring and investigating the effects of cognitive load 
(Klingenberg et al., 2023) and spatial abilities in IVR learning (Mayer 
et al., 2022). Answering the above points will also improve the under
standing of instructional design for learning with IVR, as an analysis of 
the relationship between learning factual knowledge in IVR, cognitive 
load and spatial abilities will be attempted.

Specifically, we will assess participants’ learning of factual knowl
edge (i.e. general geography knowledge) in a pre-post-test experimental 
design. Participants will be assigned to either an immersive virtual re
ality group (i.e. HMD) or a non-immersive virtual reality group (i.e. 
desktop computer). Instructional design principles such as pre-training 
and segmentation, aim to manage cognitive load during the learning 
process (Mayer & Moreno, 2003). Hence, the study will evaluate spatial 
ability, cognitive load, presence, as covariates while comparing levels of 
motivation regarding the learning tool. Following the current research, 
this study proposes the subsequent hypotheses:

1. Hypothesis 1 (H1): Participants in the IVR group report a higher 
sense of presence and higher levels of motivation than the non- 
immersive virtual reality group.
2. Hypothesis 2 (H2): As HMDs induce high levels of cognitive load, 
it is expected that participants in the non-immersive virtual reality 
group will have lower overall cognitive load scores than the IVR 
group. An interaction between overall cognitive load scores and 
learning progress for the IVR group is expected.
3. Hypothesis 3 (H3): It is expected that the sense of presence will 
have a positive impact on learning. Therefore, it is anticipated that 
the IVR group will outperform the NIVR group in terms of learning.
4. Hypothesis 4 (H4): We expect an interaction between spatial 
abilities and progress on the general geography knowledge variable. 
The following results are possible:
a. Given the spatial ability as enhancer theory and that the displayed 

environment is dynamic and complex, participants with higher 
spatial abilities will learn better than participants with low spatial 
abilities.

b. Considering the spatial ability as compensator theory and that the 
displayed environment is dynamic and complex, no spatial abili
ties are needed to progress.

3. Material & methods

3.1. Participants and inclusion criteria

A total of 61 participants were recruited (36 women and 25 men) 
between the ages of 17 and 23 (M = 19.48, SD = 1.26). All the partic
ipants are undergraduate students at the faculties of the Catholic Uni
versity of Lille in northern France. For obvious reasons, participants 
studying “Geography”, “Digital Learning” or those who used an HMD 
and Google Earth on a regular basis were not selected. Conversely, 
participants who had “tried on” an HMD at some point in their lives were 
included. The only compensation the participants received for their 
participation was free refreshments (i.e. free drinks and food throughout 
the process). All participants agreed to participate of their own free will 
and gave written informed consent in accordance with the Declaration 
of Helsinki.

3.2. Variables

We assessed general geography knowledge, spatial abilities, cogni
tive load, motivation, and presence. In addition, participants using an 
HMD were asked to indicate whether they experienced any symptoms of 
Cybersickness.
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3.2.1. General geography knowledge
General geography knowledge was assessed using a multiple-choice- 

questionnaire. This type of assessment was chosen because the literature 
indicates that multiple-choice-questionnaires are a reliable mean of 
assessing factual knowledge (Al-Rukban, 2006; Palmer & Devitt, 2006). 
The use of a multiple choice questionnaire also reduces the testing effect 
compared to open-ended questions (Wiklund-Hörnqvist et al., 2014). 
The testing effect can be defined as the improvement in subsequent 
performance after taking one or more tests (Karpicke & Roediger III, 
2008). The questionnaire was designed to assess participants’ general 
knowledge of four global geographic topics:

• Major cities and capitals around the world (e.g. Budapest is located 
in?)

• Renowned landmarks and natural wonders (e.g. The Potala Palace is 
located in?)

• Seas, rivers, and oceans (e.g. The Danube flows into?)
• Well-known mountain ranges and forests (e.g. The Highlands are in?)

Once the questions elaborated, to ensure that the learning content 
was appropriate to the level of the participants, three independent ex
perts (i.e. 2 high school “geography teachers” and 1 university “geog
raphy” professor reviewed the questions and were asked to rate the 
relevance of each question to the expected knowledge level of the par
ticipants on a 5-point Likert scale (from “really not relevant” to 
“extremely relevant”). This review took place several weeks before the 
start of the process, and questions deemed not relevant were excluded 
from the pool of questions.

The multiple-choice questionnaire was designed using the “UNITY®” 
software (Unity technologies; https://unity.com/). The questionnaire 
provided multiple options with only one being the correct answer 
(Fig. 1). To avoid the ceiling effect (Selzer et al., 2019) and the guessing 
effect (Baghaei & Amrahi, 2011), seven answer choices are offered, 
comprising the correct answer and one “don’t know” option. During the 
questionnaire, the selected item flashes green if the answer is correct and 
red if the answer is incorrect to provide feedback to the participant 
(Fig. 1). If the answer is incorrect, the correct answer is not displayed to 
prevent the participant from remembering it. Similarly, at no point in 
the process is the participant given a score (i.e. summative feedback) as 
it can lead to disengagement due to overconfidence if they have per
formed well or loss of confidence, shame, or embarrassment if they have 
performed poorly. Indeed, studies have shown that summative feedback 
can have different effects on learner motivation (Harlen et al., 2002). 
Scores were computed by displaying the correct answers, incorrect an
swers and the unanswered questions and were automatically stored in 
an Excel spreadsheet for data analysis.

3.2.2. Spatial ability test
As previously stated, different spatial abilities and thus different tests 

exists. As the learning sessions consisted of orienting oneself in Google 
Earth in order to visit the world’s most famous natural and architectural 
cites, we decided to use the spatial orientation test (SO) (Hegarty & 
Waller, 2004). The SO tests the participants’ ability to imagine different 
perspectives or orientations in space. The SO test consisted of a booklet 
with a separate page for each of the test items. Each item shows a picture 
of an array of objects (e.g. house, flower, tree, car) and an “arrow circle” 
with a question about the direction between some of the objects. For the 
question on each page, participants should imagine themselves standing 
at one object in the array (e.g. the car; the word “car” will be named in 
the centre of the arrow circle) and facing another object (e.g. traffic 
light; the word “traffic light” will be named at the top of the arrow 
circle). The task was to draw an arrow from the centre object (the car) 
showing the direction to a third object (e.g. the stop sign) from this 
facing orientation. Here is an example of questions: “Imagine you are 
standing at the car and facing the traffic light. Point to the stop sign.” 
Each participant had to complete 12 different items within a 5-min 
period. Physically rotating the booklet was forbidden. The final per
formance includes the errors (in degrees) between the indicated location 
and the correct location of the object.

3.2.3. Cognitive load test
To evaluate cognitive load, the NASA-Task Load Index (TLX) was 

used (Hart & Staveland, 1988). The NASA-TLX has been shown to be a 
reliable tool for assessing cognitive load (Pasaribu et al., 2022; Rubio 
et al., 2004). It is a 2-part evaluation procedure. First it rates the 
contribution of the following 6 factors to the learning task workload: (1) 
mental demand, (2) physical demand, (3) time constraint, (4) perfor
mance, (5) frustration level, and (6) general effort. Each item provides 
information about the nature of the workload imposed by the laparo
scopic task. The second part consisted of rating the relative contribution 
of each factor to the whole workload by comparing each item to the 5 
remaining others. Each participant performed 15 pairwise comparisons, 
thus selecting the factor contributing the most to the overall workload. 
The number of times each factor is selected is noted and then tallied; 
finally, its relative contribution to the whole load is rated with a single 
coefficient. Thus, the overall estimated workload results from multi
plying each single rating by the weight given to each of the 6 factors. 
This method ensures a reliable internal consistency.

3.2.4. Presence questionnaire
There are several reliable tests for assessing “sense of presence” 

(Grassini & Laumann, 2020). The most commonly used are the “Pres
ence Questionnaire” (Witmer & Singer, 1998) and the Slater-Usoh-Steed 

Fig. 1. The provided image displays the multiple-choice questionnaire with feedback, respectively green if correct (A) and red if incorrect (B). 
Translation: A) where is located Saint Peter’s Basilica? Possible choices from top to down: Prague/Italy/Vatican/Lisbon/San Marino/Paris/I don’t know 
Translation: B) where is located Helsinki? Possible choices from top to down: Norway/Sweden/Denmark/Finland/Lithuania/Latvia/I don’t know. (For interpretation 
of the references to colour in this figure legend, the reader is referred to the Web version of this article.)
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(SUS) questionnaire (Slater & Steed, 2000). Due to time constraints and 
the desire not to burden participants excessively, the SUS was selected 
over the Presence Questionnaire due to its brevity (Usoh et al., 2000). 
Hence, the questionnaire comprised seven questions assessing three 
dimensions of presence:

• The impression of being present in the virtual environment
• The extent to which the virtual environment becomes the dominant 

reality.
• The extent to which the virtual environment is remembered as a 

“place”.

As in previous studies (Alem et al., 2006; Usoh et al., 2000), we 
adapted the terminology of the questions to the virtual environment 
presented in our study. Participants had to rate their feelings on a 
7-point Likert scale. Questions were for instance, “I had a sense of being 
there in the visited places?” 1. Not at all … 7. Very much. Total score was 
calculated by adding scores of each item.

3.2.5. Motivation questionnaire
Learners’ intrinsic motivation to use a computer desktop or an HMD 

was assessed through an 8-item questionnaire inclusive of a 7-point 
Likert style items developed by Isen and Reeve (2005) (e.g. acquisi
tion of knowledge through IVR piques my curiosity). The participants 
were asked to rate how motivating and interesting learning with IVR, or 
computer desktop is (1 = strongly disagree, 7 = strongly agree). Total 
score was calculated by adding scores of each item.

3.2.6. Cybersickness symptoms survey
To assess cybersickness, most studies use the Simulator Sickness 

Questionnaire developed by Kennedy et al. (1993), Stone III (2017). This 
test was developed to measure sickness in the context of simulation and 
although it is exhaustive, we did not want to take too much time to 
remain relevant. Therefore, in this study, we opted to inquire about 
participants’ symptoms they were experiencing rather than using the 
questionnaire, which would have been longer. Consequently, a simple 
yes or no form was used to assess whether participants experienced 
nausea, vomiting, headaches, stomach pain, dizziness, or eye strain.

3.3. Material

For the learning sessions of both groups, a Dell® desktop computer 
with 12th Gen Intel® Core™i9-12900 2.40 GHz processor was used to 
access Google Earth. In the non-immersive virtual reality group, par
ticipants navigated through the application using a keyboard and 
mouse. For the IVR group, the participants made use of the PICO 4 en
terprise® headset which was connected to the desktop computer. This 
model offers a high-resolution display of 1200 PPI resolution and a large 
field of view of 105◦. For additional information on product specifica
tions, please refer to: https://www.picoxr.com/global/products/pic 
o4e/specs.

3.4. Procedure

The study was conducted at the Catholic University of Lille from the 
end of September 2023 to mid-November 2023. Participants were 
invited to attend experimental sessions every Thursday within the 
specified period at 10 a.m., 12am or 2pm, depending on their avail
ability. Before starting, some clarifications were given to avoid any 
misunderstandings. For example, it was clarified that the aim was to 
investigate the efficiency of IVR in learning, not to judge the level of 
their knowledge. This was particularly important as it prevented the 
participants from feeling embarrassed during the tests. It was also 
recalled that the participants were free to withdraw from the study at 
any time. Finally, to avoid both unexpected additional cognitive load 
and bias it was pointed out that participants could not access to their 

mobile phones or talk to each other throughout the experiment.
The steps of the procedure are detailed below and, in a flowchart, 

inserted at the end of this section (see Fig. 2).

A) Participants completed the spatial orientation test. Meanwhile 
the participants were randomly divided (i.e. draw) into two 
groups, a non-immersive virtual reality group (NIVR) using a 
desktop computer and an immersive virtual reality (IVR) group 
using an HMD.

B) All the participants had then to answer to 40 multiple choice 
questions which were randomly selected from a pool of 80 
questions on a desktop computer application. It should be noted 
that each participant’s 40 questions were different, as they were 
randomly selected by the computer. Participants were given 20 s 
to answer a question, with a countdown timer displayed on each 
screen. Participants were instructed to respond only if they were 
completely certain, otherwise they could choose the “I don’t 
know” option. Once the questionnaire was completed, partici
pants were unable to modify their selections and instructed to 
remain in front of their desktop computer until the subsequent 
stage.

C) Both groups were then invited to attend a pre-training session to 
familiarise themselves with the respective HMD and desktop 
computer. This pre-training consisted of an explanation of the 
necessary functionalities of the HMD that would be required to 
follow the upcoming learning sessions without hindrance. The 
pre-training also aimed to prevent learners from focusing on 
“how to use an HMD” rather than focusing on the content to be 
learned during the learning sessions. As all participants were 
naïve to this model and version of the HMD used, the use of a new 
tool in learning can increase the “extraneous processing” and 
overwhelm participants with content that does not support the 
instructional goal (Mayer et al., 2022; Wu et al., 2020). The 
pre-training session lasted 10 min and was scripted to ensure that 
the instructions were identical for each participant. If there were 
any blockages or misunderstandings, an expert was available to 
help the participant.

D) After a brief break of 5 min, the participants commenced their 
first learning session lasting 15 min. The IVR group utilized an 
HMD connected to a desktop computer that generated the virtual 
environment whereas the non-immersive virtual reality group 
used the same desktop computer model in a conventional manner 
(see Fig. 3). To guide participants’ learning, it was recalled that 
the multiple-choice questions were all related to global 
geographical topics (i.e. major cities and capitals around the 
world; renowned landmarks and natural wonders; seas rivers and 
oceans; well-known mountain ranges and forests). The learning 
session entailed utilising “Google Earth” in virtual reality mode to 
travel around the globe and gain insights into the previously 
mentioned global topics. The participants in the HMD group were 
instructed not to move around in the “physical world” (see 
Fig. 3), to remain within the confines of the virtual environment 
to maintain their sense of presence. Virtual content and partici
pant actions within the Google Earth application were displayed 
on an external monitor (Fig. 3). This was done to prevent par
ticipants from exiting Google Earth or attempting to deceive 
during the training session. At the conclusion of this first training 
session, participants were asked to reflect on the strategy they 
used (i.e.summarising), to improve it in the subsequent learning 
session. A major break of 15 min was then given to give the op
portunity to participants to refresh and rest. Obviously, the par
ticipants were not permitted to discuss with each other.

E) A second learning session identical to the first one.
F) After a brief break of 5 min, all the participants completed a 

digital version of the NASA-TLX test to evaluate cognitive load. It 
was emphasized that the objective was to assess the cognitive 
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load allocated to the learning session. Additionally, a question
naire on the sense of presence and motivation was completed to 
compare learning experiences between an HMD and a computer 
desktop.

G) Finally, after completing these tests, the participants completed 
the multiple-choice questionnaire again. The post-test conditions 
were like the baseline test, and although the order differed, both 
the baseline and post-test questions were identical.

3.5. Data analysis

Data entries were collected in several Excel files containing partici
pants’ identifiers. These files were compiled into one.xlsx data set for 
analysis. Statistical analysis was performed using Python 3 (ipykernel) 
in the Jupyter notebook. The imported libraries for data analysis are 
Pandas, NumPy, Matplotlib and Stats from Scipy. Normality and 
equality of variances were tested prior to statistical analysis. Indepen
dent t-tests were used to compare sense of presence, motivation (H1), 
overall cognitive load (H2) and progress on the general geography 
knowledge variable (H3) between the two groups. Correlation tests were 
conducted to examine the impact of overall cognitive load on general 
geography knowledge progress (H2), the impact of the sense of presence 
on general geography knowledge progress (H3), and the effect of spatial 
ability on general geography knowledge progress (H4). The statistical 
significance threshold was set up for a type 1 error rate of 5%. Finally, 
cybersickness symptoms were collected in a descriptive way.

3.6. Groups description and assumption tests

Non-immersive group counted 30 participants (11 men and 19 
women, mean age = 19.63 SD = 1.326) while the IVR group counted 31 
participants (14 men and 17 women, mean age = 19.32 SD = 1.194). 
Assumption tests revealed homogeneity of groups.

4. Results

4.1. General geography knowledge learning

Student t-tests were conducted to assess baseline homogeneity and 
progress. Only the correct answers on the questionnaire were considered 
for analysis. Assumption tests indicated that the dataset was homoge
neous and normally distributed. Student t-tests confirmed baseline ho
mogeneity with no significant differences between the NIVR group (M =
16.60, SD = 6.48) and the IVR group (M = 15.39, SD = 5.9) before 
training (p = 0.39). Both groups showed significant improvement, 
respectively from (M = 16.60; SD = 6.48) at baseline to (M = 22.20; SD 
= 7.07) (p < 0.001) for the NIVR group on the post-test and from (M =

15.39; SD = 5.9) at baseline to (M = 20.65; SD = 4.48) (p < 0.001) on 
the post-test for the IVR group. No significant difference was found 
between them after training (p = 0.30).

4.2. Spatial orientation

The NIVR group (M = 98.53◦, SD = 108.18◦) and the IVR group (M 
= 64.48◦, SD = 51.47◦) showed no significant differences (p = 0.121). 
No correlation was found between spatial ability and geography 
knowledge progress.

4.3. Cognitive load

Overall cognitive load scores were similar between the NIVR (M =
54.24, SD = 12.04) and IVR groups (M = 54.91, SD = 12.50) with no 
significant difference (p = 0.832). However, significant differences were 
noted in mental demand (p = 0.047), physical demand (p = 0.0462), 
and frustration (p = 0.0462), with the IVR group showing higher mental 
(M = 17.62; SD = 7.60 vs M = 13.19; SD = 9.37) and physical demands 
(M = 1.63; SD = 3.21 vs M = 0.87; SD = 1.17) but lower frustration (M 
= 8.01; SD = 8.54 vs M = 14.41; SD = 8.18) (Fig. 4). A final analysis was 
conducted to determine which dimensions significantly contributed 
more to the overall cognitive load among the groups. The ANOVA 
demonstrated significant differences in the dimensions’ contribution 
between both groups. The results were (p < 0.001) for both groups. 
Subsequent pairwise comparisons were performed, and the findings are 
presented in Tables 1 and 2 below. No correlation was found between 
cognitive load and geography knowledge progress.

4.4. Sense of presence

The IVR group (M = 26.35, SD = 6.606) scored significantly higher 
than the NIVR group (M = 14.00, SD = 5.558) on sense of presence (p <
0.001), though no correlation with knowledge progress was observed.

4.5. Motivation

The IVR group (M = 46.74, SD = 6.303) reported higher motivation 
than the NIVR group (M = 41.90, SD = 9.792) with a significant dif
ference (p = 0.025).

4.6. Cybersickness

In the IVR group, 28 out of 31 participants experienced some level of 
cybersickness, with eye strain and headache being the most reported 
symptom. Specifically, thirteen participants experienced 1 symptom, 5 
participants experienced 2 symptoms, 8 participants experienced 3 

Fig. 2. Flowchart of the experimental process, including resting periods and time duration.
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symptoms, 1 participant experienced 4 symptoms, and 1 participant 
experienced 5 symptoms. More descriptive information can be found in 
Table 3 below.

5. Discussion

5.1. Study objectives

This study had two objectives. Firstly, it aimed to investigate the 
effectiveness of IVR in acquiring factual knowledge, specifically general 
geography knowledge, compared to NIVR. The participants’ motivation 
for learning in IVR and NIVR was also assessed. Secondly, the study also 
measured levels of presence, spatial abilities, and cognitive load to 
evaluate their impact on the learning process. The aim of this work is to 
contribute to the comprehension of the instructional design for learning, 
specifically factual knowledge, using IVR.

In relation to the scores on the general geography knowledge ques
tionnaire, it can be observed that both groups significantly improved 
their performance after the learning sessions. This demonstrates the 
effectiveness of both tools, the HMD, and the desktop computer, for the 
learning of factual knowledge.

5.2. Research hypotheses

Based on the four research hypotheses proposed in this study, the 
following conclusions can be drawn.

5.2.1. Hypothesis 1
The IVR group reported significantly higher levels of “presence” and 

“motivation” compared to the NIVR group, which supports our initial 
hypothesis (H1). This outcome corroborates the findings of Liu et al. 
(2022), who demonstrated that students exhibit greater enthusiasm for 
IVR tools than for conventional tools for learning purposes. This is a 
crucial finding because it underscores the pivotal role that the techno
logical components of HMDs play in fostering a more immersive and 
engaging learning environment. The capacity of HMDs to foster a strong 
sense of presence thus appears to be a key factor in enhancing their 
motivation and overall engagement with the learning material. This 
observation aligns with existing research that suggests that presence is 
closely linked to positive learning outcomes (Makransky & Petersen, 
2021). By physically feeling part of the virtual scene, students are more 
likely to be motivated to interact with and retain the material presented 
to them.

5.2.2. Hypothesis 2
The statistical analysis did not reveal any significant differences in 

the overall cognitive load levels between the two groups. Additionally, 
overall cognitive load levels did not significantly impact the learning 
process, leading to the rejection of Hypothesis 2. Interestingly, although 
the scores for the NIVR group (M = 54.24, SD = 12.04) and the IVR 
group (M = 54.91, SD = 12.50) are classified as high on the cognitive 
load range (see Table 4) (Pasaribu et al., 2022), it did not impede 
learning. This indicates that the instructional design, specifically, inte
grating pre-training and segmentation principles efficiently mastered 

Fig. 3. A) Pictures of the IVR condition with participants’ wearing head mounted displays and with the content displayed on an external monitor; B) picture of the 
NIVR condition.
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Fig. 4. Compared Cognitive load dimension scores of the IVR and NIVR group 
P values signification *<0.05; NS = non significative.

Table 1 
Pairwise comparisons of the total mental workload dimensions for the immersive virtual reality group (IVR).

Table 2 
Pairwise comparisons of the total mental workload dimensions for the non-immersive virtual reality group (NIVR).

Table 3 
Symptoms reported by the participants after the IVR training.

Symptoms Nausea Vomiting Feeling Headache Stomach pain Dizziness Eye strain

Number of participants reporting the symptom 5 4 16 1 8 22
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the associated cognitive load and enabled learning for the two groups, as 
suggested by the literature (Han et al., 2021; Mayer & Moreno, 2003). 
Moreover, to enable a complete understanding it is recommended to 
examine the dimensions that make up the overall cognitive load (Galy 
et al., 2018). This provides valuable information on the dimensions 
which are contributing to the total load and can give indications on what 
remains to be improved. For example, it can be observed that the di
mensions with the greatest impact on the overall scores differ between 
the two groups (see Fig. 5). For the IVR group, the mental demand is 
significantly higher than all the other dimensions (Table 1). Addition
ally, the mental demand dimension is also significantly higher in the IVR 
group when compared to the NIVR group (Fig. 4). This indicates that 
using an HMD for learning is more mentally demanding than using a 
desktop computer. When compared to the literature, the use of HMD for 
learning general geographic knowledge is for instance generating more 
mental demand, than during medical simulation learning (i.e. respec
tively 17 vs 15) (Bhandary et al., 2016). This is an indication that the 
level of mental demand of the IVR group in this study is particularly 
high. To gain a better understanding, it is important to note, that 
learning factual knowledge falls under the first level (i.e. easiest) of the 
revised Bloom’s Taxonomy, which involves recalling facts and basic 
concepts (Anderson & Krathwohl, 2021; Krathwohl, 2002). The high 
levels of mental demand observed in this study for the IVR group were 
thus certainly not caused by the complexity of the learning content. An 
alternative explanation is therefore possible. A frequently cited rationale 
is that elevated cognitive load when utilising HMDs is attributable to the 
richness and complexity of the virtual environment (Concannon et al., 
2019; Parong & Mayer, 2021; Rogers, 2019). However, as both groups 
were exposed to the same virtual environment in our study, this in
dicates that the HMD technological features, while enabling a sense of 
presence also might have elevated the associated mental load. Indeed, as 
the sense of presence, is a psychological construct, it has been theorised 
that it requires mental activity, thereby increasing the associated 
cognitive load levels (Makransky & Petersen, 2021; Vettehen et al., 
2019). Nevertheless, as other studies indicate the opposite (Jeong et al., 
2011; Parong et al., 2020), the relationship between cognitive load, 

specifically mental load, and sense of presence remains unclear. Further 
investigation is therefore required to gain a deeper understanding of this 
relationship. Similarly, another potential explanation is that the re
ported cybersickness symptoms may have influenced the mental load. 
Indeed, Breves and Stein (2023) demonstrated that cybersickness can 
act as a mediator between technological immersiveness and cognitive 
load. In other words, cybersickness symptoms contribute to an increase 
in cognitive load. Therefore, it is reasonable to assume that in our study, 
the reported symptoms (e.g. eye strain, headache, dizziness) affected the 
participants’ mental well-being. This, in turn, contributed to the feeling 
of high mental load in the IVR group. Regarding the first assumption, the 
relationship between mental load and cybersickness needs to be further 
investigated, as mental load, cybersickness and presence are important 
cognitive characteristics of IVR. Secondly, the results of the frustration 
dimension are also noteworthy. The findings indicate that using a 
computer desktop for learning factual knowledge, is more frustrating 
than using an HMD (Fig. 4). This result aligns with the motivation 
questionnaire scores, which indicate that IVR tools are more motivating 
for learning than NIVR tools. This is also illustrated by the overall di
mensions’ weight showing that frustration is classified as the penulti
mate dimension for the IVR group and the second for the NIVR group 
(Fig. 5). Frustration is considered as a negative activating emotion, that 
can arise from various factors, such as reduced social interactions 
(Novak et al., 2023) or the absence of direction and guidance provided 
by an instructor (Hove & Corcoran, 2008). Frustration can lead to 
boredom and decrease learning if left unaddressed (Novak et al., 2023). 
The latter suggests that over a longer period, HMDs are more effective 
for learning than conventional digital tools, particularly in isolated lo
cations or during pandemics.

5.2.3. Hypothesis 3
Although both groups demonstrated significant progress in general 

geography knowledge after the learning phase, the IVR group did not 
exhibit significantly better progress than the NIVR group. Indeed, cor
relation tests indicate, that the sense of presence did not enhance 
learning. Therefore hypothesis 3 is rejected. This finding is in line with a 
recent study by Ochs and Sonderegger (2022). This confirms that pres
ence is an affordance that facilitates learning; however, the level of 
presence does not necessarily influence the level of learning. In other 
words, a heightened sense of presence in a virtual environment does not 
automatically lead to improved learning outcomes. This finding suggests 
that while presence can enhance the learning experience by making it 
more engaging and immersive, it is not a direct predictor of learning 
success. The sense of presence may contribute to a more immersive and 
realistic experience, but it does not ensure that students will retain more 

Table 4 
Total cognitive workload score category.

Number Range Total mental workload category

1 0–9 Very Low
2 10–29 Low
3 30–49 Average
4 50–79 High
5 80–100 Very High

Fig. 5. Cognitive load dimension weight distribution in percentages, respectively for the IVR group (A) and the NIVR group (B).
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information or achieve higher levels of understanding solely based on 
this factor. The implication is that instructional design within virtual 
environments should not focus exclusively on maximizing presence. 
Instead, it should ensure that the content is pedagogically sound and 
that other critical factors, such as cognitive load management, inter
activity, and alignment with learning objectives are adequately 
addressed. It may be the case that enhancing the sense of agency could 
prove an effective method of improving the efficacy of learning in IVR 
(Makransky & Petersen, 2021). Indeed, in our study, participants were 
given the opportunity to travel around the world virtually, but no 
interaction with the environment was possible. Interacting with the 
environment is important for eliciting feedback (e.g. haptic, cognitive), 
which has been shown to be essential in the learning process (Bajaj et al., 
2018; Pereira et al., 2016). The latter certainly explains why IVR studies 
focusing on procedural knowledge, are more effective than conventional 
tools in a learning process (Wu et al., 2020). Indeed, in procedural 
knowledge, each step of the procedure depends on the successful 
completion of the previous one, creating a feedback loop. This 
assumption is reinforced by the active learning theory, showing that for 
instance, increased physical activity or interaction can physically or 
cognitively involve the learner which reinforces the learning process 
(Hartikainen et al., 2019). This perspective encourages a balanced 
approach to designing immersive learning experiences, where presence 
is considered one of several components that contribute to effective 
learning, rather than the sole determinant.

5.2.4. Hypothesis 4
Finally, no significant correlation has been established between 

spatial abilities, specifically spatial orientation, and progress. Therefore 
Hypothesis 4 (a) is rejected and 4 (b) supported. This contrasts with 
previous findings were positive correlations have been established be
tween spatial abilities, such as mental rotation and NIVR or multimedia 
learning situations (Andrade et al., 2012; Höffler, 2010). Other studies 
also showed that using virtual and augmented reality tools enhanced 
spatial abilities (Heo & Toomey, 2020; Molina-Carmona et al., 2018). 
The lack of correlation in this study may be due to the difficulty in 
identifying the spatial ability and determining which test to use, as 
explained by Yılmaz (2009). More likely, it seems that the learning sit
uation did not require participants to transform or manipulate images, 
as it provided the opportunity to virtually turn around the content or 
change the perspective of view. In order words, the features provided by 
Google Earth, the HMD or the desktop computer during the learning 
sessions did not require users to activate this ability. As a result, users no 
longer need to physically turn the content as the display enables them to 
easily move around it. Joining thereby the ability-as-compensator hy
pothesis (Berney et al., 2015; Höffler & Leutner, 2011). Taken together 
this suggests, that virtual reality tools can facilitate the learning of 
geographical knowledge regardless of the individual’s spatial orienta
tion abilities. However, to our knowledge, studies evaluating the influ
ence of baseline levels of spatial abilities, specifically spatial orientation 
on the learning process in IVR are scarce. This outcome needs thus to be 
confirmed by future investigations.

5.3. Conclusion and practical implications

In conclusion, this study contributes answering the question whether 
IVR tools, more specifically HMDs can be used to learn factual knowl
edge and with which modalities. Therefore, several noteworthy points 
can be emphasized. Firstly, the results demonstrate that HMDs are 
reliable tools for enhancing general geographic knowledge. Secondly, 
regarding the sense of presence, higher levels did not correlate with 
better learning. This suggests that while presence is significant, its as
sociation with for instance, interactions (i.e. agency) could facilitate 
feedback and enhance its influence on the learning process. This is in 
line with recent findings which demonstrate that virtual environments 
that facilitate active learner engagement lead to enhanced knowledge 

acquisition (Conrad et al., 2024). Thirdly, thanks to principles such as 
segmentation, or pre-training (Mayer & Moreno, 2003; Meyer et al., 
2019) the overall cognitive load has been efficiently managed to enable 
learning with both tools. However, in IVR, mental load levels are 
particularly significant compared to the other dimensions, even though 
the complexity of the learning content was low. In order to elucidate the 
levels of mental load associated with the IVR group in our study, as
sumptions were posited regarding the mental load linked to the sense of 
presence or cybersickness symptoms. Frustration levels also suggest that 
IVR tools would be more suitable for distance learning than NIVR tools. 
These findings corroborate the necessity for a comprehensive analysis of 
the overall cognitive load dimensions, as they offer invaluable insights 
into the interplay between the cognitive characteristics of IVR uti
lisation. Fourthly, results are showing that spatial abilities, specifically, 
individual levels of spatial orientation were not needed during the 
learning process. As levels of spatial abilities are heterogeneous among 
people (Hegarty & Waller, 2005; Jones & Burnett, 2008), this means that 
users having low spatial abilities will not be disadvantaged when using 
HMDs for learning geographic knowledge. Finally, cybersickness 
symptoms occurred by users although there were only two learning 
sessions of 15 min. Indeed, in this study, only three participants in the 
IVR group did not experience any symptoms. However, this did not 
prevent participants from completing the learning sessions in this study. 
As previously suggested, it is possible that the presence of cybersickness 
symptoms may have diminished the learning effect observed in our 
study for the IVR group, as evidenced by the findings of prior research 
(Chen et al., 2019).

5.4. Future directions and limitations

Future investigations should thus evaluate the impact of cognitive 
load, (more specifically mental load) on learning more complex 
knowledge (i.e. conceptual) (Anderson & Krathwohl, 2021) in IVR while 
integrating interactions. Furthermore, it would be beneficial to investi
gate the relationship between mental load, cybersickness and presence 
while learning with IVR in greater depth. Additionally, the impact of 
baseline levels of other spatial abilities, should be investigated. It would 
also be valuable to examine the impact of cybersickness symptoms and 
cognitive load on longer learning sessions and over a longer period of 
time. According to Wu et al. (2020), most studies do not report learning 
sessions of more than an hour, which is much shorter than current class 
durations, although the purpose may be to use the HMD occasionally.

Finally, this study has limitations. Specifically, the use of only two 
learning sessions restricts the ability to extrapolate the findings to 
quarter or semester-long courses. Furthermore, learning may have been 
constrained in our setup due to the limited capacity of working memory. 
According to Cowan (2008), working memory capacity is limited to 
remembering and retaining only five plus or minus two items. In our 
study, cues were found to aid participants (e.g. recall of questionnaire 
topics) during their learning sessions. However, it is possible that some 
questions were forgotten leading to a lack of retention and learning. 
Additionally, the original design included a retention test to assess 
long-term learning. However, despite several attempts to have partici
pants fill out the questionnaire for a third time, fewer than a half of the 
sample responded, rendering the scores irrelevant. These limitations 
need to be considered for future investigations.
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