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The concepts and topics of manufacturing systems design and analysis are usually taught using traditional lecturing, in-
class problem solving, and project-based approaches. These concepts are not easy to grasp and can be tedious when taught
by traditional methods. This study presents an innovative virtual reality (VR) based approach to teach manufacturing
systems concepts. To illustrate the efficacy and effectiveness of VR technology in enhancing students learning concepts, a
VR queuing theory teaching module is developed. The efficacy and effectiveness of the VR module are then analyzed for
male and female participants to investigate the impact of the VR environment on female engineers in science, technology,
engineering, and mathematics (STEM). Simulation sickness, system usability, and user experience tools were used to
assess the efficacy of the VR module, and the queuing theory quiz, NASA TLX assessment, and post-motivation measures
were applied to evaluate the effectiveness of the developed VR module. Both males and females indicated higher user
satisfaction in terms of system usability. Female participants perceived higher user experience than their male counter-
parts. Both male and female participants experienced similar simulation sickness symptoms throughout the study. The
quiz score indicated that students performed well in the conceptual section for both genders. The NASA TLX results
suggested that participants required low perceived work effort in regard to performing the tasks in the module. The post
motivation results confirmed that the VR module created positive motivation in learning the queueing theory for both
male and female students. Overall, the efficacy and effectiveness measures affirm that both male and female participants
perceived a similar experience in the developed VR teaching module.
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1. Introduction

In recent years, Virtual Reality (VR) has gained a
massive amount of attention [1]. VR is character-
ized by the immersion of participation in a synthetic
environment rather than the external observation
of such an environment [1]. It relies on stereoscopic,
three-dimensional, hand/body tracking, head-
tracked displays, and binaural sound. VR has the
potential to provide its users with additional fea-
tures through improved perceptual fidelity. It can
also boost user efficiency by reducing the cognitive
load in the completion of a task. VR may enhance
the quality of life in hazardous or unpleasant work-
ing conditions and will ultimately have an effect on
society as a whole. Considering all these facts, it can
be stated that virtual reality might be beneficial to
our everyday activities. Being a universal technol-
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ogy, it can be extended to any domain activities.
Many fields could certainly use VR more than
others, and education is one such field.

Pantelidis [2] summarized several motivations for
implementing VR in education, such as sophisti-
cated visualization, collaboration, and interaction.
Mikropoulos and Natsis [3] showed the ability of
VR as a tool that facilitates students’ understanding
of the material and minimizes confusion. VR tech-
nologies are proven to be opportune and powerful
in education due to their abilities to engage indivi-
duals in an immersive simulated environment. VR
provides users a real-time visualization of situations
and interactions with objects, which overpowers the
traditional teaching tools [4-6]. With the considera-
tion of VR’s benefits in education, the authors have
proposed a VR-based module (Phase One)
approach to teaching manufacturing systems con-
cepts, i.e., queueing theory concepts [7]. The results
revealed that the proposed VR teaching module
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outshined the existing educational pedagogics
regarding students’ knowledge gain and level of
motivation. Specifically, the purpose of this study
(Phase Two) is to investigate the efficacy and
effectiveness differences between male and female
students when using a VR teaching approach

Numerous studies show that female engineers
positively influence and benefit the U.S. economy
[8]. The positive impact of workplace diversity has
led to several initiatives to enhance preparation and
to increase participation of individuals, particularly
those who have traditionally been under-repre-
sented in science, technology, engineering, and
mathematics (STEM) enterprises [9, 10]. Although
women have made several contributions in almost
every field in modern and historical times, the low
number of women in STEM fields is a major
concern to date. In a recent survey [11] conducted
by the National Center for Science and Engineering
Statistics (NCSES), women represented 50% of the
U.S. population aged between 18 and 64. Today,
more women are enrolled in college than men;
however, the proportion of women is the lowest in
engineering, computer science, and physics disci-
plines at the undergraduate level. In 2014, only
19.8% of women enrolled in college were in engi-
neering, and 14.5% of employed engineers were
women in 2015 [11].

A study conducted by Gunderson et al. [12]
shows how negative stereotyping of a female’s
math aptitude is passed to children by their parents
and instructors. These clichés can prejudice young
girls against math and hence, demolish their per-
formance and enthusiasm for STEM subjects.
There exist three main causes for the wide gender
gap in enrollment in STEM courses [13]. These
reasons include (a) a masculine culture that favors
a sense of male inclusiveness in STEM, (b) inade-
quate experience for women in computer science,
physics, and engineering, and (c) gender-based self-
efficacy. The study also suggests that changing the
cultural perception of women in STEM may benefit
these fields and boost equality between the two
genders by favoring the idea that both men and
women can be successful.

Studies in the literature show that many women’s
social environment influences their educational
orientation and the choices of their career paths,
which tend to diverge away from STEM fields.
Hence, researchers emphasize that the use of new
teaching approaches could be beneficial in enhan-
cing women’s performance and self-confidence in
STEM and changing the social perception of gender
in the matter. A thorough literature review revealed
that a few of the existing studies suggest the use of
new technologies that facilitate the learning pro-
cess. Particularly, technologies that involve immer-

sive real-life class scenarios in industrial
engineering. Furthermore, no existing study has
paid particular attention to women’s performance
when implementing these technologies in educa-
tion. Therefore, a gap subsists in conveying math,
physics, and engineering concepts in a way that
channels theory into practice. In the current study,
a VR queuing theory teaching module is developed
to demonstrate the efficacy and effectiveness of VR
technology in boosting students learning. Fifty-six
graduate and undergraduate students with no prior
knowledge in queuing theory have participated in
the study. The proposed VR module is then ana-
lyzed to investigate the impact of the VR environ-
ment on female engineers’ in STEM.

The following section presents an overview of the
literature concerning the use of VR in engineering
education and applications, gender in STEM, the
efficacy measures, and effectiveness measures of the
proposed VR Module. Section three discusses the
research design and methodology, along with the
research question. The fourth section presents the
results and analysis. Section five provides a discus-
sion of the results of the study. Finally, section six
presents the conclusions of the study and future
work.

2. Related Work

This section is four-folds. First, the existing litera-
ture related to the benefits of VR in education and
engineering applications is presented. Second, the
literature pertaining to the women in STEM fields is
reviewed. Then, a general overview of efficacy
measures used in the study is discussed. Finally,
an overview of the effectiveness measures utilized in
the study is presented, along with the current
challenges that need to be addressed. Additionally,
the two gaps that subside in the literature concern-
ing the current traditional teaching methods and
their effect on women in STEM are also discussed in
the final section.

2.1 Benefits of Virtual Reality in Education and
Engineering Applications

Virtual Reality (VR) is an emerging technology and
research area that carries the key to evolution in
different fields such as business, education, engi-
neering, and medicine. In education, the benefits of
VR were thoroughly investigated. For instance,
Bricken and Byrne [14] conducted a study to show
the benefits of VR in bettering the learning process
of students. With fifty-nine student participants,
their results proved that VR enhances student’s
learning. The authors characterized VR as “a new
way to use computers” and pointed that “VR
eliminates the traditional separation between user
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and machine, providing more direct and intuitive
interaction with information” [14]. Based on the
feedback from students, teachers, and researchers,
their study outlined three educational areas where
VR is applicable: Experimental education, con-
structivism, and social learning. Crosier et al. [15]
also conducted a study involving fifty-one students
from physics that favored VR to the existing teach-
ing techniques in grasping radioactivity concepts.
Foad and Whitman et al. [16, 17], on the other
hand, used written and practical tests to assess
students’ perception towards conventional light
microscopy (LM) and virtual microscopy (VM)
using two random groups at the University of
Tabuk in Saudi Arabia. The study revealed that
students’ performance with VM was better com-
pared to LM and their grades were more uniform
and less dispersed. The reason is that VR has
advanced features that help students grasp difficult
concepts better than any other traditional tool,
which Mikropoulos and Natsis [3] revealed in
their study. The authors stated that “multisensory
interaction channels, intuitive interactivity, and
immersion” are some of the main technological
features in VR and they emphasized the idea that
an ‘Educational Virtual Environment’ must be
incorporated in the educational context. Another
physical issue arises from the strict schedule of
academic laboratories which affects the time flex-
ibility and availability of materials for students. VR
environment can resolve this issue and was proved
to be the most convenient alternative for teaching
subjects like robotics [18].

Many scholars have emphasized the importance
of VR technological features [19-23]. These VR
characteristics help students understand difficult
concepts better than the two-dimensional represen-
tations through specialized peripherals such as
space mouse, data gloves, and head trackers, offer-
ing the promising opportunity to learn in first-
person, non-symbolic experience. Additionally,
through their efforts, Crosier et al. [15] showed
that high ability students were more capable of
self-learning while lower ability students required
more guidance and instructions. They concluded
that VR-based learning modules could provide a
suitable environment for better information grasp-
ing since it allows for:

(1) Data visualization and manipulation.

(2) Presentation of different perspectives.

(3) Risky situational sensing.

(4) Generation of three-dimensional (3D) con-
cepts.

Engineering application is one of the critical
fields that can benefit from extended realities
(XR), especially VR, since most of the time, engi-

neers are required to extend and analyze their
findings in 2D settings through imagination and
common sense. VR replaces this step by immersing
its users with their findings in a virtual ambiance.
Not only engineers are able to observe their findings
from different angles in 3D settings, but they can
also interact with them. Winn [19] cited multiples
VR benefits allowing the direct interaction with
virtual objects in ways not even possible in real-
world settings: (1) Manipulation of size to increase/
decrease the size of objects; (2) The ability to
simulate ambiguous engineering concepts such us
friction enabling engineers to make sense of it and
to see the impact of it on other parameters instead
of common sense interpretations; (3) Provide engi-
neers with the first-person VR experience allowing
them to stop feeling like in a simulation and start
enjoying the benefits of VR through natural ges-
tures like in real-world settings and even better.
Furthermore, with the advancement of VR-related
hardware and software, engineers can learn to build
their own immersive environments and conse-
quently build new customized features depending
on the nature of their work. For instance, Goulding
et al. [24] developed a VR tool that permits con-
struction engineering students to build construction
sequences in VR. The results suggest that engineer-
ing students handle construction tasks and gain
experience faster when using VR than when using
traditional tools. VR enables them to build full-
scale buildings and the opportunity to critique their
projects all in a virtual setting. This can help gain
time, experience, and commit fewer errors (Low-
cost) which are the main characteristics of success in
the engineering fields.

In engineering education, experimental results
from a study carried out by Mosterman et al. [25]
to evaluate electrical engineering students showed
that the time and assistance required for students
who use virtual laboratories prior to physical
laboratories are significantly less than students
who use physical laboratories initially. The out-
come of the study also indicated that the former
group showed higher satisfaction with their labora-
tory experience than the latter group. For mechan-
ical engineering students, Impelluso and Metoyer-
Guidry [26] came up with a strategy called “learner
as instructional designer.” This strategy engages
students in developing VR-based models for tradi-
tional engineering concepts and allowed them to
teach other students. The use of VR as a tool to
explain engineering concepts to students increases
motivation and profound conceptual understand-
ing. Throughout their study, Ross and Aukstakal-
nis [27] confirmed that VR increases students’
motivations while discussing the advantages of
VR in engineering education by providing several
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existing applications (aircraft design, automotive
design, architectural models, etc.) as well as some
possible future applications.

Other than engineering education and applica-
tions, some other fields have also focused on VR
applications to improve employee skills. For
instance, to improve nursing educational skills,
Smith and Hamilton [28] developed a VR simula-
tion model as a supplement tool to increase stu-
dents’ awareness with regards to the critical steps in
the nursing environment. Two groups had been
formed as control and experimental. The latter
group was allowed to use the VR program to
practice catheterization skills. The descriptive find-
ings of the study showed higher performance scores
and perceived levels of preparedness in the experi-
mental group than the control group. Along with
William et al. [29], who mentioned that “virtual
reality simulator (VRS) has the potential to bridge
the gap between theory and practice for nursing
students” and “increasing patient safety” and
“reducing student anxiety?” Both studies encou-
rage the implementation of VR to educate nurses
and enhance their preparedness to face critical
patient cases.

2.2 Women in STEM

Some of the challenges that lead to the under-
representation of women in STEM field are: (1)
The Level of Self-Confidence — Male students may
have more confidence in studying and understand-
ing engineering concepts than female students [12,
30], (2) Interests and Level of Performance — Low
confidence levels could lower female students’ inter-
est in engineering fields [31, 32], (3) Cultural Norms
and Beliefs — Female students may consider that
engineering involves more physical effort and risk
than other domains such as business[10, 33], and (4)
Concepts and Topics — Engineering usually require
more ‘sequence-driven’ concepts and topics and
within a hierarchy of information. Furthermore,
gender as a socio-cultural and psychological aspect
of humans affect their creativity [34, 35], learning
style [36], and the way they digest information [37].

Stadler et al. [38] conducted a study to examine
the differences in learning physics concepts between
male and female students and its impact on the
learning outcome. The results showed that differ-
ences exist in the meaning of physics for males and
females affected by (1) the relationship between
daily life and the type of information; (2) body
language; and (3) emotions. For this reason, and
thanks to the advancement of human computer
interface technologies, researchers started to
develop new ways to account for these differences.
For instance, Gunawan et al. [39] conducted a
research involving three distinct high schools and

used virtual laboratories to assess the impact of
implementing these new technologies on the learn-
ing process of physics in a comparative study
between males and females. Results showed that
VR improves the creativity of both genders.
Furthermore, the study also show that female
students have greater verbal creativity than their
male counterparts while male students outperform
female students in figural creativity. Gunawan et al.
[34] also conducted a quasi-experiment to assess the
impact of virtual laboratories on the numerical,
verbal, and figural creativity in learning physics
concepts at four high schools with a total of 102
female and male students. This time, for figural and
numerical creativity, female students outshined
male students whistle both genders showed equal
scores in the verbal creativity. Virtual laboratories
can enhance creativity for both genders, which
leads to believe that traditional teaching methods
contribute to this under-representation as female
students tend to dislike the structural rigidity of
information that are presented [40]. With regard to
the fourth challenge, Concepts and Topics, the
current traditional teaching methods often fail to
provide a practical understanding of engineering
concepts, especially in industrial engineering curri-
cula. In this study, we aim to investigate whether
male and female students will learn differently from
the VR module developed to teach queuing theory
concepts.

2.3 Efficacy Measures of the Proposed Virtual
Reality Module

The efficacy of a VR system determines its ability to
perform the intended tasks in the immersive set-
tings. Many studies have been conducted to mea-
sure the efficacy of VR systems through different
evaluation approaches. For instance, Formosa et
al. [41] designed a questionnaire-based evaluation
method to assess the efficacy of a VR system in
psychology education. The study assessed the user
experience regarding a VR simulation using seven-
point Likert-type questions over four sub-factors:
fidelity, immersion, presence, and user buy-in. A
thorough literature review revealed that most stu-
dies have not been capable of measuring the quality
of VR systems in an adequate way. Furthermore,
most of the assessment methods are limited to
specific systems and lack user involvement in their
evaluation, which appear to be major weaknesses in
many studies. To overcome these issues, three more
user-oriented questionnaires have been used in this
study (simulation sickness questionnaire (SSQ) [42],
system usability scale (SUS) [43], and presence
questionnaire (PQ) [44]).

The simulation sickness questionnaire (SSQ)
captures the user experience regarding the simula-
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tion sickness when exposed to a virtual environ-
ment. Kennedy et al. [42] have identified 21 sick-
nesses that can occur with VR simulations (Air
force helicopter simulators, naval simulators, etc.)
and were able to eliminate some symptoms with
misleading indications and less frequent occur-
rences using factor analysis. The principal factors
analysis with varimax rotation demonstrated that
the three-factor solution is most appropriate for the
reduced model that contains 16 symptoms. Three
distinct clusters resulted from the analysis: nausea
(general discomfort, salivation increasing, sweat-
ing, nausea, difficulty concentrating, stomach
awareness, and burping), oculomotor disturbance
(general discomfort, fatigue, headache, eye strain,
difficulty focusing, difficulty concentrating, and
blurred vision), and disorientation (difficulty focus-
ing, nausea, fullness of the head, blurred vision,
dizziness with eyes open, dizziness with eyes closed,
and vertigo). Participants are given four levels
(none, slight, moderate, and severe) to specify
how much each symptom affects them during the
VR study. These levels can be rated numerically
between 0 and 4, with 0 being none and 4 being
severe. The symptoms that are related to gastro-
intestinal distresses are presented by nausea, dis-
comfort related to visual observations, and
vestibular disturbances, are measured by the ocu-
lomotor and disorientation, respectively. The user
score of each symptom is added together in each
group and multiply with the relevant weight thresh-
old (nausea: 9.54, oculomotor disturbance: 7.58,
and disorientation: 13.92) to get the weighted sum.
For the overall simulation sickness score, the sum of
the scale scores is multiplied with 3.74. Table 1
represents the SSQ score and its corresponding
categorization of the outcome of total scores.

The System Usability Scale (SUS) captures user
feedback regarding how well the system is being set
up. Brooke [43] has developed a tool that consists
of ten items where the users can rate using a five-
point Likert scale ranging from one (strongly
disagree) to five (strongly agree). The ten state-
ments in the SUS tool can be distinguished as
positively worded or negatively worded when scor-
ing the survey. Statements marked with odd num-
bers (1, 3, 5, 7, 9) specify the positive options while

Table 1. SSQ score categorization

SSQ Score Categorization

0 No symptoms

<5 Negligible symptoms
5-10 Minimal symptoms
10-15 Significant symptoms
15-20 Symptoms are a concern
> 20 A problem simulator

even numbers (2, 4, 6, 8, 10) postulate the negative
options. For the positive options, the item score
can be calculated by subtracting one from the scale
position. For the negative options, the item score
can be calculated by subtracting the scale position
from five. In order to get the total SUS score, the
summation of all item scores in both options needs
to be multiplied by 2.5. Users are given the
opportunity to evaluate the system usability imme-
diately after the VR module, not allowing them to
think for a long time. If the participants do not
wish to answer a particular statement, they can
choose the center point (3), and all items should be
checked.

User experience measures how well users engage
in a simulated virtual environment. One of the
widely used user experience tools is Presence Ques-
tionnaire (PQ), introduced by Witmer and Singer
[44]. PQ consists of 22 questions that evaluate a
user’s experience with a VR system using a seven-
point Likert scale ranging from zero (lowest level)
to six (highest level). PQ contained five sub-scales of
the user experience factors: involvement, immer-
sion, visual fidelity, sound, and interface quality.

2.4 Effectiveness Measures of the Proposed Virtual
Reality Module

The effectiveness of a VR module can be measured
by the participants’ performance in a virtual envir-
onment. The effectiveness of a VR simulation is also
reflected by participants’ knowledge gain and how
much they feel motivated to use VR as a tool. To
measure the effectiveness of the study, NASA TLX
and intrinsic value subscale of the Motivated Stra-
tegies for Learning Questionnaire (MSLQ) are
utilized.

Nasa Task Load Index is a multidimensional tool
that measures the perceived workload of a task
based on six aspects of performance [45]. The
procedure is developed by the Human Performance
Group at NASA Ames Research Center over a
period of three years. Below are the six subscales
that aid in calculating the overall workload score
for a given task. Mental Demand:. measures the
mental effort required for a task (easy or demand-
ing), Physical Demand: measures the physical effort
required for a task (easy or demanding), Temporal
Demand: measures the time pressure due to the pace
of a task (slow or rapid), Performance: measures the
accomplishment in achieving the goals of the task
(good or poor), Effort: measure both mental and
physical effort to deal with task (low or high), and
Frustration Level: measures the user perception of
dealing with a task (irritated or complacent). The
overall NASA TLX score ranges between 0 and
100. Higher scores reflect a greater perceived work-
load for a given task.
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The Motivated Strategies for Learning Question-
naire (MSLQ) is specifically designed to determine
students’ motivational orientation towards college
courses [46]. To examine the students’ degree of
perception towards participating in a task, 14
intrinsic subscales were used with a seven-point
(0~6) Likert scale.

Consequent to a thorough literature review, the
two important gaps that need to be addressed to aid
in enhancing the representation of women in STEM
are as follows:

(1) Theexisting teaching approaches have not been
successful in linking theoretical knowledge with
practical implementation in an interactive and
simulated way. This describes some of the cited
challenges that female students confront.

(2) The present body of literature has not exhibited
studies which utilize VR technologies in teach-
ing the concepts of industrial engineering and
manufacturing system and examines their effect
on gender learning. Although students are able
to learn the concepts and pass the exam, many
of them will still not have a practical under-
standing or hands-on experience to apply many
of the industrial engineering concepts such as
queuing theory in real-life applications. This
challenge negatively impacts female students
since they are underrepresented in STEM and
their fight to eliminate the cultural judgments
and other genderism issues.

This set of challenges directs the focus and effort
of this study toward minimizing the unfavorable
impacts on female students. In an attempt to address
the challenges along with the consideration of VR’s
benefits in education, this study investigates the
impact of VR environments on the learning process
on gender in STEM fields. To achieve the purpose of
the study, a queuing theory VR teaching module was
developed by Hamilton et al. [47] and was used to
investigate the impact of the VR environment on
males’ and females’ levels of knowledge gain in VR.
The researchers also investigated the efficacy and
other effectiveness measures of leveraging VR in
teaching engineering concepts by measuring simula-
tion sickness, system usability, user experience,
NASA TLX, and level of post-motivation as a
comparison between men and women.

3. Research Design and Methodology

Considering the VR benefits in education, discussed
in the previous sections, this study integrates
immersive VR to manufacturing systems concepts
to enhance students’ capabilities in dealing with
virtual real-life complex manufacturing systems
and their symptomatic problems. Specifically, this

study aims to evaluate the efficacy and effectiveness
of the VR module. This section contains a brief
description of the VR queuing teaching module,
research questions, and the design of the experi-
ment.

3.1 The VR Queuing Theory Teaching Module

The study is based on immersive VR modules that
demonstrate the queuing theory. Queuing theory is
considered a well-known mathematical concept
that deals with waiting lines (queues). It is a
widely used topic in the domain of engineering to
manage and improve systems’ operations.

The VR module [47] is built using Unity game
engine. Oculus Rift is used to connect the module
with the immersive 3D environment. Before the
module begins, the participants were asked to
wear the headset and received instructions on the
correct positioning. The headset lens was also
adjusted along with adjusting the lens to ensure a
clear view. The module began after the user selected
the “Reach Here to Begin” button and the auto-
matic audio recording explained the buttons and
triggers on the touch controllers (see Fig. 1(a)).
Once the user has successfully followed the com-
mands on the hand controllers, he/she is prompted
to move forward to click the “Reach Here to
Continue” button to start the VR lecture. The VR
lecture contained visual elements that demon-
strated the difference between discrete and contin-
uous data (see Fig. 1(b, ¢)) and three types of models
in queuing theory (static, physical, and mathema-
tical) (see Fig. 1(d, e, f)). Once the demonstration
was over, the user was directed to interact with a
glowing sphere to transport to a fast-food restau-
rant.

The fast-food restaurant scenario starts with an
explanation of the theoretical concepts of queuing
theory with visual aids. While the lecture is on, the
user observes how queuing theory works in a
restaurant with animated human models depending
on the number of customers and servers available at
a time (see Fig. 2). All the equations related to
queuing theory appear on the space and move
towards the relevant objects in the scene (see Fig.
2). During the VR lecture, the user may need some
head and body movements to watch the lecture
slides and equations while observing the animated
customer lines in the restaurant (see Fig. 2). To
lower the potential simulation sicknesses, the users
were provided a pause/play option to receive a
break during the lecture.

After the lecture and the demonstration are over,
the students have a chance to manipulate the
simulation by changing queuing parameters
(inter-arrival time, arrival and service distributions,
number of servers, etc.) to understand the queueing
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Fig. 2. Queuing theory lecture, animated equations, and preset human animations.

situations along with the graphical visualizations.
To manipulate the parameters, the users are pro-
vided with a dashboard containing buttons along
with both audio and text descriptions for menu
options (see Fig. 3(a)). In addition to the customer
queues, a set of graphs were provided to analyze
real-time statistics of queuing theory model gener-
ated by users. The generated graphs interact with
the controller tooltips to show point values (see Fig.
3(b)). For better comparison analysis, users can
move the graphs to the center of the scene and
group them together (see Fig. 3(b)). After the
practical session ends, students must take a quiz
that examine their knowledge of concepts in queu-
ing theory and analytical skills. To start the quiz, a
button is provided with the text “Reach Here to
Begin” after students finished the visualization
trials. The quiz consists of 14 conceptual questions
and six analytical questions to test the students’

knowledge gain. The students have the ability to use
a virtual calculator and review the lecture if needed
(see Fig. 3(c)). During the simulation, students are
asked to fill the simulation sickness questionnaire
three times during the experiment to monitor their
health condition.

The current developed VR module is an extended
version of the previous VR queuing theory devel-
oped by Ma et al. [7]. The extended VR version is
more interactive and has improved user-friendly
features for students to learn queueing theory. In
the previous study, researchers have found three
areas that need to be improved after evaluating the
user experiences and comments to create a more
user-friendly and effective learning environment for
students to interact with the VR module. The new
version of the VR module includes the below list of
features that are developed based on the comments
received from participants:
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(a)

Fig. 3. Queuing dashboard, interactive graphs, and quiz interface.

e [ntroduction and updated lecture: In the new
version of the VR module, a tutorial is provided
on how to use the controllers followed by a
detailed lecture that covers the following topics:
the concept of queuing theory, explanation of
discrete data vs. continuous data, differences
between static models, and physical discrete
event models and mathematical models that
represent queuing theory.

e Simulation: The lecture audio is also added along
with preset values of the queuing engine to
generate a queue during the lecture. Pause/Play
button for breaks during the lecture, and audio to
explain menu options for changing values to the
queuing engine are added to the new version.
Graphs are changed from being static to being
interactive with a tooltip to show point values.

e Practice/Quizzes: In the updated version of the
model, users can take multiple quizzes in the VR
module to test their knowledge in queuing
theory.

3.2 Research Questions

To meet the study objectives, the following research
questions are formulated:

3.2.1 Efficacy Research Questions

Are there any significant differences between male

and female students participating in the new version
of the VR teaching module regarding efficacy
measures, including, (1) simulation sickness, (2)
system usability, and (3) user experience?

3.2.2 Effectiveness Research Questions

Are there any significant differences between male
and female students participating in the new version
of the VR teaching module regarding effectiveness
measures, including (1) quiz score, (2) NASA TLX
performance, and (3) level of post-motivation?

3.3 Design of Experiment and Study Sample

A total of 56 students participated in the study,
including 21 females, 32 males, and three partici-
pants declined to specify their gender. Seventy-five
percent (n = 42) of the participants were graduate
students. Thirty-nine percent (n = 14) were major-
ing in industrial engineering. The majority (n = 38,
67%) of the participants were international stu-
dents. The data collection process took approxi-
mately one day to finish.

Each participant was required to complete ten
background questions, including five demographi-
cal questions (academic classification, major,
gender, race, and origin) and five knowledge-
based questions (statistical background, system
simulation knowledge, restaurant management
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Fig. 4. Data collection process flow of the study.

knowledge, VR experience, and video game playing
experience). The survey used a five-point Likert
scale (0-4), which represented their knowledge as
‘none’ (0), ‘basic’ (1), ‘average’ (2), ‘above average’
(3), or ‘expert’ (4). Thirty-six of the participants
(64%) had below-average prior experience in VR;
thirty-eight (69.64%) had below-average prior
experience in restaurant management/service
experience. All participants had an equal opportu-
nity to take part in the study, and they were selected
upon the time of their arrival.

Fig. 4 shows the process flow of the data collec-
tion in the experimental study. The study aims to
investigate the differences between males and
females regarding the VR module efficacy (SSQ,
SUS, and PQ) and to measure the VR effectiveness
between males and females through knowledge gain
quiz, NASA TLX, and post-motivation survey.

Upon arrival, the students completed the regis-
tration forms and signed the consent forms. Then,
they were asked to take a survey to evaluate the
socio-demographic background of the participants.
Next, the participants were exposed to the VR
environment to become familiar with its equipment
before the study began. Upon completion of the
training part, the students were asked to take the
first simulation sickness survey. The purpose of the
SSQ questionnaire is to assess the students’ comfort
level while engaging in the VR world. From this, the
VR lecture module was provided to the participants
allowing them to learn the concepts of the queueing
theory through the VR module. When they com-
pleted the VR module learning, they were asked to
take the second SSQ questionnaire followed by a
quiz. The exercise aimed to evaluate the partici-
pants’ knowledge gain from the VR lecture. In this
study, knowledge gain is measured through con-
ceptual quiz score, the analytical quiz score, and

overall quiz score. The quiz consisted of 20 ques-
tions, which tested the knowledge of single and
multi-queuing theory. Among the quiz questions,
14 were conceptual, and six were designed to test the
analytical skill of a special case of batch queuing.
The scores were calculated based on the correct
answers for each quiz question.

Upon completion of the quiz, the students were
given the last SSQ questionnaire to record the
health data with respect to the VR environment
interaction. After, the students took the survey
related to the system usability and the user experi-
ence. The system usability survey measured parti-
cipants’ perception of the VR module. Ten system
usability questions with a five-point Likert scale
were used to collect the data. The user experience
survey measured the participants’ experience of
using the VR teaching module and 22 questions
with a seven-point Likert scale was used to collect
the data. The post-motivation survey was utilized to
assess the students’ level of motivation after going
through the VR experience. Fourteen questions
with a seven-point Likert scale were used to collect
the responses. In the end, students were asked to
take the NASA TLX online quiz to assess the
students’ perceived value towards the task load.

4. Results and Analysis

The results of the efficacy and effectiveness mea-
sures of the proposed VR module is discussed in this
section. The results were compared between males
and females in all measures to explore the gender
differences.

4.1 Efficacy Results of the Virtual Reality Module

Three survey/questionnaire instruments were used
to assess the efficacy of the VR module, namely,
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simulation sickness, system usability, and user
experience surveys. For an individual, switching
from real-world to the three-dimensional virtual
world, cause a mismatch in sensory inputs, which
leads to simulation sickness. These symptoms vary
from slight to severe and can cause fatigue and
severe vomiting [48]. The efficacy measures are used
to capture the level of discomfort the VR module
may cause. The tools used for data collection are
categorized questionnaires, and the output scores
are represented and analyzed.

4.1.1 Simulation Sickness

Simulation sickness is the discomfort experienced
by users in a simulated environment. To ensure the
safety of the developed simulator, the SSQ ques-
tionnaires are distributed in three stages during the
experiment: at the beginning, in the middle, and at
the end of the experiment. The questionnaire helps
to collect information regarding sixteen possible
user symptoms, the degree of discomfort that
participants might experience in the virtual envir-
onment. Each response scores for symptoms are
none, slight, moderate, or severe, indicated by 0, 1,
2, and 3, respectively. These sixteen symptoms are
divided into three groups, such that each group
represents a unique indicator of simulation sick-
ness. These groups are nausea, oculomotor discom-
fort, and disorientation. As described in section 2.3,
to get the weighted sum of scores, user scores for
each subgroup are summed and multiplied with the
weights of 9.54, 7.58, and 13.92, respectively. The
total simulation sickness score is multiplied with the
assigned weight of 3.74 to get the overall SSQ score.
SSQ scores can be considered as an aggregate
analysis score for all participants. This indicates
the severity of symptoms and helps fix troublesome
indicators. Table 2 provides calculated SSQ scores
based on all students’ responses.

Table 2 indicates that overall, the VR module
can cause simulation sickness at the beginning of
the study, during the study, at the end of the study,
with a steady increment in sickness for male
participants. However, female participant reported
fewer problematic symptoms at the beginning of
the study with an increase in the severity of the
symptoms with time. To determine the differences
in both genders regarding simulation sickness, the

Table 2. Simulation sickness questionnaires scores

independent-samples t-test is conducted for all the
simulation sickness indicators and the total scores
are calculated to identify the average difference in
the mean scores for male and female participants.
In the first SSQ, participants’ scores indicate no
significant difference in all groups even though
females reported fewer symptoms than males.
Females reported higher symptoms in the second
and third SSQs compared to their counterparts.
However, the p value confirmed that there is no
statistically significant difference in the scores
between male and female students in both SSQs.

4.1.2 System Usability

To specify the usability of a system, it is essential to
know the possible users, the tasks that users per-
form, and the characteristics of different environ-
ments that the system deals with. ISO 9241-11 [49]
recommends that three measures of effectiveness,
efficacy, and satisfaction, should be capable of
assessing the usability of a system. SUS question-
naire is considered as a useful tool that can capture
all usability components. A total SUS score lower
than 68 indicates that the user satisfaction is below-
average while a total SUS score higher than 68
suggests an above-average user satisfaction. In this
study, the total average SUS score for both male
(M =76.00) and female (M = 77.29) groups suggest
above-average user satisfaction. In addition, the
total average usability score of 76.47 (SD = 12.26)
also indicates that participants perceived above-
average user satisfaction from the VR queuing
theory module. Table 3 presents the mean scores
and standard deviations of the user responses for
the ten scale items in the SUS. The first seven items
of the SUS questionnaire are positively worded,
and the last three items are negatively worded. The
average score of each item shows that both males
and females agreed (>3) with the positive descrip-
tion of the proposed module and disagreed (>3)
with the negatively described items. To investigate
the impact of gender on system usability, an
independent-samples t-test was carried out. The
results confirmed that the usability scores of
female students are not significantly different
from the usability score of their counterparts in
all scale items. Similarly, the p value recommended
that male and female students are not significantly

SSQ 1 t-test SSQ 2 t-test SSQ 3 t-test

M Fe t P M Fe t y/ M Fe t y/
Nausea 14.3 11.6 0.49 0.63 14.7 21.8 1.43 0.16 21.9 28.6 0.87 0.39
Oculomotor 19.0 16.8 0.36 0.72 20.5 22.7 0.36 0.72 28.1 38.4 1.22 0.23
Disorientation 31.3 18.9 1.40 0.17 31.3 27.8 0.37 0.72 41.2 46.7 0.39 0.70
Total 234 17.9 0.83 0.41 243 27.3 0.45 0.65 335 42.7 0.93 0.36
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Table 3. System usability scale scores

Male Female
Avg. Score Avg. Score
System Usability Scale Items (out of 5) SD (out of 5) SD
1. I would imagine that most people would learn to use this VR module very quickly. | 3.92 1.18 | 4.14 0.66
2. 1found the various functions (e.g., sound, pictures, control) in this VR module were | 3.83 0.87 | 4.21 0.97
well integrated.
3. I felt very confident using this VR module. 4.08 0.88 | 3.64 1.01
4. The VR modules helped me to establish the linkage between the concept of queueing | 3.92 0.78 | 4.00 0.68
theory and practice.
5. I found this VR module was easy to use. 3.92 0.88 | 3.79 0.97
6. I would like to use VR in other courses. 3.83 1.13 | 3.86 1.17
7. 1 think that I would like to use this VR module to learn the queueing theory. 3.79 0.98 3.57 1.09
8. I think I would need the support of a technical people to use this VR module. 3.83*% 1.09 | 3.79* 1.12
9. Ishould learn more VR base knowledge before I use the VR module. 3.25% 1.15 3.64* 1.01
10. I thought there was too much inconsistency in this VR module. 3.63* 0.97 | 4.00* 1.24
Total System Usability 3.80 0.67 | 3.86 0.53

* Reverse coded to be consistent with other questions.

different from each other regarding the total SUS
score (t = 0.50, p = 0.62).

4.1.3 User Experience

User experience is used to measure the perception of
involvement and immersion in a virtual environment.
This study utilizes PQ to evaluate user experience. PQ
involves five sub-scales: involvement, immersion,
visual fidelity, interface quality, and sound captured
through 22 questions using a scale between 0-6.
Table 4 displays the gender-wise average scores for
each of the sub-scales and the average for all items in
PQ. Except for interface quality, all subscales indicate
above-average (>3) user experience in the male
students while female students experienced above-
average (>3) user experience in all subscales. The
average score for all subscales given by male partici-
pants is 4.15, and the response given by female
participants have an average score of 4.50. The
independent-samples t-test was carried out to inves-
tigate the differences between male and female
students regarding the user experience. The indepen-
dent-samples t-test results indicated that females are
not significantly different from male students regard-
ing the five subscales of user experience in the VR
module. However, for all 22 PQ items, the t-test

Table 4. Presence questionnaire scores

results confirmed that the female students are sig-
nificantly different from their counterparts with a
better user experience (t = 2.35, p = 0.02).

4.2 Effectiveness Results of the Virtual Reality
Module

The effectiveness of the VR module for teaching
queueing theory concept was evaluated using three
methods, including students’ knowledge gain quiz,
NASA TLX work-load assessment, and post-moti-
vation survey.

4.2.1 Knowledge Gain

The knowledge gain section consists of 20 multiple-
choice questions to assess the students’ conceptual
and analytical skills regarding the queueing theory.
Fourteen conceptual questions and six analytical
questions are designed to measure the knowledge
gain. Table 5 shows the descriptive statistics of the
knowledge gain quiz. The results indicate that over-
all, students performed better on the conceptual
part than they did on the analytical portion of the
quiz. Moreover, female students outperformed
male students in the analytical, conceptual, and
overall scores. However, the quiz scores between
male and female students are not significantly

Male Female t-test

Avg. Score Avg. Score
Subscales of PQ Items (out of 6) SD (out of 6) SD t y/
Involvement 1,2,3,4,5,6,7,10,13 4.57 0.71 4.91 0.59 1.51 0.14
Immersion 8,9, 14,15, 16, 19 4.10 0.51 4.32 0.48 1.33 0.19
Visual Fidelity 11,12 4.67 0.87 5.07 0.76 1.45 0.16
Interface Quality 17, 18 2.81 1.41 3.39 0.90 1.38 0.18
Sound 20, 21,22 4.58 0.73 4.79 1.08 0.69 0.49
Total 1-22 4.15 0.43 4.50 0.47 2.35 0.02
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Table 5. Quiz score statistics

Male Female t-test

Avg. Score SD Avg. Score SD t P
Conceptual Score 73% 21% 78% 18% 0.73 0.47
Analytical Score 52% 23% 55% 32% 0.35 0.73
Overall Score 68% 17% 73% 17% 0.79 0.44

different in the conceptual portion of the quiz (t =
0.73, p = 0.47), the analytical portion of the quiz (t =
0.35, p=0.73), and overall quiz scores (t =0.79, p =
0.44). Overall, both the male and female students
gained a high percentage of conceptual knowledge
and a fair percentage of analytic knowledge regard-
ing queueing theory by the VR module.

For a better overview of how students performed
in the quiz, Table 6 was created with the correct
answers and corresponding percentages for the
male and female students. The results showed that
the male students performed better in questions 1,
5,7, 11, 14, 17 than female students. On the other
hand, a higher percentage of female students cor-
rectly answered the remaining questions than their
counterparts. Additionally, the difference between
male and female students regarding the correct
answer percentage ratio for questions 1, 2, 4, 8,
12, 13, 15, 16-20 are noticeable. For example, in
question 1, 60 percent of male students correctly
answered this question, while only 41 percent of
female students answered accurately. Moreover,
male students perform well (more than 70% accu-
racy) on questions 3, 5-7, 9-17, while they per-

Table 6. Question-wise correct answers for knowledge gain quiz

formed poorly on questions 18-20 (less than 50%
accuracy). Female students perform well on ques-
tions 2-4, 6-9, 11-17, whereas they performed
poorly on the first question.

Fig. 5 depicts the radar plot that demonstrates the
total score of the conceptual and analytical portions
in the queueing theory quiz on a 0.0-100.0% scale. It
is visible that most of male students performed
better in the conceptual quiz than the analytical
quiz. On the other hand, the radar plot for female
inferred that they scored higher in the conceptual
portion of the quiz than in the analytical part.

4.2.2 NASA TLX Assessment

The overall NASA TLX index score of female
students (M = 61.45, SD = 14.68) was found to be
higher than male students (M = 49.15, SD = 22.92)
in the study, concluding that the female group
perceived on average 61% work effort to respond
to the quiz questions while male group perceived on
average 49% work effort to answer the quiz ques-
tions (see Fig. 6). Table 7 displays the weighted
scores of six aspects of performance, including
effort, frustration, mental demand, performance,

Male Female

Question No. of Correct Answers % No. of Correct Answers %
Conceptual 1 18 0.60 7 0.41
2 15 0.50 12 0.71
3 21 0.70 12 0.71
4 16 0.53 13 0.76
5 21 0.70 11 0.65
6 23 0.77 14 0.82
7 27 0.90 14 0.82
8 20 0.67 13 0.76
9 25 0.83 15 0.88
11 25 0.83 14 0.82
12 25 0.83 16 0.94
13 23 0.77 16 0.94
14 28 0.93 15 0.88
15 23 0.77 15 0.88
Analytical 10 15 0.50 10 0.59
16 25 0.83 16 0.94
17 26 0.87 12 0.71
18 11 0.37 9 0.53
19 14 0.47 10 0.59
20 12 0.40 9 0.53
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Table 7. NASA TLX aspects of performance

Male Female t-test

NASA TLX Subscales Avg. Score SD Avg. Score SD t ¥4

Physical Demand 0.05 0.07 0.08 0.09 1.03 0.31
Temporal demand 0.15 0.10 0.12 0.08 0.73 0.47
Mental Demand 0.25 0.07 0.22 0.14 0.77 0.45
Frustration 0.11 0.09 0.13 0.12 0.42 0.68
Effort 0.20 0.07 0.16 0.10 1.19 0.24
Performance 0.22 0.10 0.25 0.06 0.81 0.43
Overall NASA TLX Score 49.15 22.92 61.45 14.68 1.60 0.12

physical demand, and temporal demand in male
and female groups. The independent-samples t-test
was carried out on the overall score and the results
indicate that females are not significantly different

from males regarding the overall score (t = 1.60, p =
0.12). Furthermore, the t-test results confirmed that
women perceived the same work effort as men
across all different aspects of NASA TLX sub-
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Table 8. Post-motivation scores
Male Female
Avg. Score Avg. Score
Post-motivation Scale Items (out of 6) SD (out of 6) SD

1. Compared with other students in this lecture I expect to do well in the knowledge 4.33 0.96 | 3.86 1.75

practice.

2. I'm certain I can understand the ideas taught in this VR module. 4.83 096 | 4.29 1.59

3. T expect to do very well in future similar VR modules. 4.67 1.05 | 4.64 1.22

4. Tam sure I can do an excellent job on the problems and tasks assigned in future VR | 4.54 098 | 443 1.45

modules like this.

5. 1 think I will receive a good score in future VR modules like this. 4.50 093 | 4.57 1.22

6. Compared with other students in this group, I think I know a great deal about the | 4.13 1.26 | 3.36 2.02

queueing theory.

7. I know that I will be able to learn the material better in future VR modules. 4.33 1.13 | 443 1.34

8. I prefer tasks that are challenging so I can learn new things after taking VR modules | 4.33 1.27 | 4.36 1.22

like this.

9. It is important for me to learn what is being taught in this VR module. 4.42 1.32 | 4.29 1.27
10. I like what I am learning in this VR module. 4.71 1.08 | 4.36 1.69
11. I think I will be able to use what I learn in this VR module in other classes. 4.29 1.68 | 4.29 1.68
12. 1 think that what I am learning in this VR module is useful for me to know. 4.79 1.32 | 4.50 1.74
13. I think that what we are learning in this VR module is interesting. 4.63 1.10 | 4.64 1.22
14. Understanding queueing theory from this VR module is important to me. 3.96 1.49 | 3.62 2.06
Total Motivation 4.46 0.86 | 4.27 1.16

scales. The results display that, on average, mental
demand and performance contributed most to the
overall score for women and men. In both groups,
on average, physical demand was found to be the
lowest contribution for overall index scores in
regard to performing the quiz task.

4.2.3 Level of Motivation

The post-motivation survey used to measure the
students” motivation after going through the VR
experience. Fourteen questions with a seven-point
Likert scale (coded 0 to 6) were utilized to collect the
data from male and female participants. Male
students scored higher than female students in
questions 1-4, 6, 9, 10, 12, and 14, while female
students scored higher than male students in
remaining questions. The independent-samples t-
test results of these 14 questions showed that the
level of post-motivation of both groups is not
significantly different from each other. With respect
to total post-motivation of students, males scored
higher than females; however, the difference
between them is not significant (t = 0.34, p =
0.56). The total post-motivation scores of male
and female students were 4.46 and 4.27 (out of 6),
respectively, which means the VR module created
positive motivation in learning the queueing theory
for both male and female students.

5. Discussion

Educational VR modules as a classroom teaching
method, help students to be innovative; it provides

the student with an opportunity to not only to feel
the first-person VR experience but to experience the
impact of parameter change rather than construct-
ing the rational explanation. The finding of this
study suggests that both genders perform well in the
presence of VR environments, which is consistent
with the outcome of the previous studies [3, 8, 14,
15, 16, 17]. These findings validate the aptitude of
VR laboratories in generating virtual learning
environments that enhance the learning process of
students and facilitate their understanding of the
engineering concepts that are often difficult to
grasp. Therefore, the VR laboratories can benefit
female students in learning engineering concepts,
particularly queuing theory concepts. Female stu-
dents performed better than their male counter-
parts in learning queuing theory concepts using
the module developed in the study, as shown in
the results section. The result of our study regarding
academic motivation in the sense that VR module
can increase the students’ motivations in under-
standing and practicing of engineering concepts, is
consistent with other studies [25-27] that showed
VR module enhance engineering students’ motiva-
tion and satisfaction. Furthermore, the ability of
VR to create an ample virtual space with advanced
visualization features enhance students’ perception
of the topics taught to them [2, 4-6, 19-23]. In our
study, both male and female students experienced
well in different aspects of VR environment such as
involvement, immersion, visual fidelity, and sound
in addition to system usability scale (e.g., how well
the system is being set up).
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In order to abolish the negative stereotypes on
female’s competences in STEM fields, a study
conducted by Gunderson et al. [12] suggests that
changing the cultural perception of women in
STEM may have a positive impact in both fema-
le’s performance in STEM and the social percep-
tion of females in the matter. The current study
advocates the idea that both men and women can
be equally successful in these fields. The quiz
scores of our VR queuing theory module indicated
that female students outperformed male students
in the overall scores of the conceptual and the
analytical parts.

A thorough investigation has revealed that the
design of the VR module had an impact on the
student scores and simulation sickness. Many stu-
dents easily answered the conceptual questions as
they can understand the concept of queueing
theory better with powerful visualization of the
VR module. On the other hand, analytical ques-
tions require calculations and can relatively be
time-consuming, compared to the conceptual ques-
tions, causing the students to perform poorly.
Majority of the students mentioned that the ani-
mated equations which they replay while working
on analytical quiz increases simulation sickness.
Additionally, the low scores on analytical ques-
tions may indicate that the VR module should be
improved to prepare the students more for analy-
tical type questions. One idea can be designing
more practice questions for students before
taking the quiz.

Although this study presents insightful findings
of the potential of using VR in classroom settings,
it has several limitations. First, the smaller sample
size. Future studies should take into consideration
the recruitment of more students to acquire more
statistical sound conclusions. Second, the study
did not include a control group to which the
findings of the VR study are to be contrasted
with the traditional teaching method. The future
versions should include a control group that will
not be subjected to VR testing. The third, most of
the students come from an engineering back-
ground with the same concentrations. This might
create a bias in the study results. Future in-depth
research on the subject is essential to validate these
findings through repeated experiments that include
far more participants with varying backgrounds
and with the presence of control groups. More
emphasis should be on qualitative research,
including focus groups and semi-structured inter-
views, to gain a better insight into the learning
process of students. Finally, more measures need
to be implemented in future work like Net Pro-
moter Score (NPS) and cheaper VR technologies
alternatives.

6. Conclusion and Future Work

This study investigates how male and female stu-
dents respond to learning engineering concepts in a
more sophisticated environment. For this reason, a
VR module has been developed to enhance the
teaching process of manufacturing system con-
cepts. The idea of using VR technologies was to
create an immersive real-life experience potentially
and to engage students in learning engineering
concepts actively. The results were analyzed to
investigate the impact of efficacy and effectiveness
on both genders. The efficacy and effectiveness of
the VR module determine the ability to perform
well in an immersive environments. Based on the
past studies, five evaluation methods are used along
with a quiz to assess of the module.

The efficacy measures indicate that the students
are satisfied in terms of the systems usability and the
user experience. However, the researchers received
some negative feedback from the students regard-
ing the design aspect of the VR module, causing
some students to experience a high level of simula-
tion sickness. Both males and females show no
significant difference in regrading simulation sick-
ness and usability of the system while females
recorded significantly higher user experience than
their male counterparts. The effectiveness measures
suggested that the developed VR module created
positive motivation in learning queuing theory for
both males and females. Furthermore, in the same
way, both male and female students scored well in
the conceptual quiz than the analytical quiz. The
results confirmed that both male and female stu-
dents have no significant difference in all three
effectiveness measures.

Future studies will focus on more economical
and powerful VR simulations that can provide
better real-life experience in an interactive environ-
ment. For the current study, the researchers used a
single device type (Oculus Rift) to link with immer-
sive VR environment. Other devices, i.e., HTC
Vive, and other cheaper alternatives such as
Google Cardboard could be explored in future
studies. Furthermore, the researchers used the
Unity game engine to create the VR teaching
module because of its capability in providing an
interactive VR environment. Other software
packages like Simio® or FlexSim® will be used to
create interactive VR environments in future stu-
dies. New features (Virtual whiteboard and mar-
kers, path visualizers, dashboard, etc.) will be added
to enhance the user experience and lower the
simulation related sicknesses. Mainly, the research-
ers will concentrate on embedding new mitigation
techniques to future VR studies to reduce sick-
nesses. Researchers believe such VR modules can
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better prepare “work-ready” students since VR virtual opportunity to validate the theory them-
helps to establish the much-needed linkage between selves.
theory and practice and gives students an effective
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