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ABSTRACT ARTICLE HISTORY
Practical laboratory sessions are essential for engineering education, Received 10 May 2022
demanding efficient use of limited time. In recent years, Virtual Reality Accepted 26 September
(VR) technologies have introduced Virtual Laboratories (VLs), offering 2023
the potential to enhance students’ educational experience. Despite their

. o S . . - . KEYWORDS
potential, VLs are rarely utilised in civil engineering education. This Virtual reality; training tool;
research investigates the effectiveness of a gamified VL designed to engineering education;
simulate a concrete laboratory, aimed at better preparing students for virtual education
experiments. A quasi-experimental study divided 92 students into
control and experimental groups using cluster sampling. The control
group received traditional lab training, while the experimental group
engaged with the VL training environment. The results demonstrate
that students using the VL spent significantly less time in the physical
lab, exhibited improved competence in navigating lab setups, posed
fewer questions about experimental procedures, and required less
assistance from lab assistants. Notably, VL users spent 16% less time in
the physical lab and needed fewer interventions from lab assistants.
This study highlights the potential of VLs as potent tools for preparing
engineering students for traditional lab sessions. Post-experiment
surveys revealed a strong willingness among students in the
experimental group to use VLs in future similar lab sessions,
emphasising the positive impact of integrating VLs into engineering
education.

1. Introduction

Given the very applied nature of engineering disciplines, practical lab sessions are an integral part of
engineering education worldwide (Alkhaldi, Pranata, and Athauda 2016; Allen and Barker 2020;
Hensen and Barbera 2019; Krontiris 2021; Stuchlikova et al. 2017). In civil engineering, too, practical
lab sessions are deemed essential to familiarise students with the practical use of theories and ulti-
mately prepare them for the job market (Guerrero-Mosquera et al. 2018). However, lab sessions
inherently demand a high degree of engagement, alertness, and preparation from the students,
mainly due to health and safety concerns (Zhang et al. 2020). Additionally, lab sessions are logisti-
cally difficult and expensive to run and they are usually restrictive both in terms of time and
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space (Abdulwahed and Nagy 2014; Achuthan and Murali 2015). Therefore, it is important that stu-
dents make the best use of their limited time in the labs. Pre-lab preparation has a significant impact
on ensuring that lab time is used efficiently. However, conventional lab preparation strategies, which
are commonly based on the use of instruction manuals, can be ineffective (Abdulwahed and Nagy
2014; McAfee, Armstrong, and Cunningham 2009). The development of Virtual Reality (VR) technol-
ogies in recent years has offered new possibilities to address this limitation through the use of more
engaging lab preparation methods. To this end, the present study aims to develop a gamified Virtual
Laboratory (VL) training tool that can be used to help prepare students to execute a lab experiment
more effectively and efficiently.

1.1. Traditional and virtual lab sessions

Conventionally, engineering lab sessions include, at the very least, three different phases, namely: (1)
briefing/preparation, (2) execution, and (3) analysis and reporting (Karakasidis 2013). During the
preparation phase, students are familiarised with the experiment (in terms of required instruments
and procedure) either through lectures by the teachers, pre-recorded instructional videos, or written
guidelines. During the execution, students, individually or in groups, go to the lab and either carry
out the experiment themselves with supervision or observe the experiment carried out by a tech-
nician. Finally, students take the experiment data, analyze them and prepare a report for submission
and subsequent assessment. The smooth execution of the engineering lab depends, to a great
extent, on good preparation by both instructors and students. The more familiar students are
with the lab process and safety rules and the better these are communicated to them beforehand,
the better they can use their time in the lab (Abdulwahed and Nagy 2014). Therefore, this study
focuses on how the briefing/preparation phase influences performance during the execution phase.

The transition to online education during COVID-19 has unmasked some of the limitations of con-
ventional practices in the delivery of engineering lab sessions. While theoretical lectures could be
delivered online with relative ease, the lab sessions proved to be very difficult, if not impossible,
to be retained in the engineering curriculum (Gamage et al. 2020). This is mainly due to the high
dependency of lab sessions on the physical instruments/space and the absence of alternative tech-
nological media that offer similar, or moderately comparable, opportunities for interacting with the
physical objects, equipment, tools, and lab procedures (Gamage et al. 2020). This is especially a
deterrent to the acquisition of psychomotor skills (Chiew, Bidaun, and Sipi 2021).

Several alternative approaches have been developed over the past two decades to surmount the
limitations of physical lab sessions. Generally, two trends can be identified, (1) remote labs and (2) VL
(Krontiris 2021). The remote lab refers to a setting where students are provided with remote access to
the actual physical labs so that students can either observe or lead the experiments remotely while
an agent, be it a human agent or a computerised agent, executes the experiment (Alkhaldi, Pranata,
and Athauda 2016; Potkonjak et al. 2016). VL, on the other hand, pertains to cases where VR tech-
nologies are used to create a virtual representation of the lab environment. In this case, students
are placed or immersed in the virtual world and perform the experiment using simulated processes
(Bhute et al. 2021).

1.2. Gamified virtual laboratory as a preparation tool

1.2.1. Applicational of virtual laboratory

In recent years, both remote and virtual labs have been extensively investigated in such domains as
chemistry, biology, medicine, and engineering (Bennie et al. 2019; Darrah et al. 2014; Doak et al.
2020; Grodotzki, Ortelt, and Tekkaya 2018; Li et al. 2017; Maloney et al. 2012; Sharma 2016; Tan
et al. 2020). Although results are promising, the actual use of VLs remains a rarity in the engineering
domain. This is mainly because, in the majority of the cases, remote/virtual labs are developed and
proposed for application in a substitutional capacity, i.e. replace the actual physical sessions (e.g.
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Achuthan and Murali 2015), and this poses a number of limitations including, but not limited to,
dependencies on the availability of high computing power, the inability of remote/virtual labs to
invoke the same degrees of engagement in students, failure to teach the details of operating
actual equipment, complexities of developing a realistic and interactive VL, restriction to limited pre-
defined scenarios, high cost of development, and low scalability and extensibility (Aliane, Pastor, and
Mariscal 2010; Krontiris 2021; Potkonjak et al. 2016).

1.2.2. Different modes of VL intervention

In view of the above-mentioned limitations, Krontiris (2021) suggested that VR labs are more suitable
for simple experiments and entry-level courses because physical sessions are still necessary for
complex experiments. Moreover, Ma et al. (2021) discovered that while students appreciated the
concept of a VR lab, the majority of them still prefer physical lab sessions because of the need to
actually experiment with physical objects and the desire to learn through collaboration and team-
work (Bhute et al. 2021). Similar observations were made by Schnieder, Williams, and Ghosh
(2022) who reported the preference of students to use VL in conjunction with physical lab sessions.
It is argued that the necessity of acquiring psychomotor skills in lab-based education inevitably
requires a certain degree of exposure to actual physical labs (Alkhaldi, Pranata, and Athauda 2016;
Allen and Barker 2020; Marques et al. 2014). As a complementary tool, however, VL sessions have
been demonstrated to be beneficial to the conceptual understanding of secondary vocational engin-
eering students (Koll6ffel and de Jong 2013). In the more specific context of civil and mechanical
engineering, Vergara et al. (2021) observed that out of 410 surveyed students, only 11% considered
VLs as self-sufficient. The remaining 89% of students believed VLs need to be complemented by
physical labs. In this hybrid model, VLs can be used in a complementary rather than substitutional
capacity. For instance, it is proposed that VR can be used before lab sessions as a briefing/prepara-
tory tool (Krontiris 2021; Stuchlikova et al. 2017). VR as a preparatory tool has been shown to be
effective in terms of better familiarising with the experiment procedure (Ullah, Ali, and Rahman
2016b), boosting students’ self-confidence for engaging in lab sessions and reducing perceived
time spent in the physical lab (Blackburn, Villa-Marcos, and Williams 2018), and increasing students’
sense of feeling prepared for their physical lab sessions compared to when using a briefing work-
sheet (Hatchard et al. 2019). Moreover, preparation procedures that include a VL component have
been demonstrated to be more beneficial to learning outcomes than preparation procedures that
do not include a VL (Abdulwahed and Nagy 2014). Thus, using VLs has demonstrable advantages
for students’ experiences and learning. However, these training tools were presented more as
instructional tools and lacked interactive and gamified components. This can be an oversight con-
sidering the significant impact of gamification on improving the reception of technology-enhanced
education among students (Rivera and Palmer Garden 2021).

1.2.3. Impact of gamification on engineering laboratory
Gamification is the insertion of game-like elements into a non-gaming environment, such as point
systems, tasks or quests to complete, or showing progress through the environment (Alptekin
and Temmen 2020). The interactivity of a training tool, which is an aspect of gamification, fosters
the engagement of students with the VL and its learning materials, leading to better reception of
the tool (Allen and Barker 2020; Vergara, Rubio, and Lorenzo 2017). An example of this interactivity
is the possibility for the students to experience trial and error in the acquisition of knowledge, where
the environment responds to correct and incorrect actions, fostering experience-based learning as
described in constructivist theory (Alrehaili and Al Osman 2019; Barham, Preston, and Werner 2012).
The literature provides strong evidence as to how gamification can enhance both students’
motivation and performance (Bonde et al. 2014; Kim, Rothrock, and Freivalds 2016; Subhash and
Cudney 2018). Researchers have also tried to use gamification for practical lab sessions and have
observed similar positive effects on students’ performance and engagement (Drace 2013). For
instance, Pamies Vila et al. (2022) applied a gamification strategy to provide feedback to students
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in Mechanism and Machine Theory lab sessions. The results indicated that students who were
subject to the gamified feedback tool had a higher success rate in the lab exam. In another interest-
ing research, Chen (2020) implemented VL-based training for 3D printing machines both with and
without gamification. The study demonstrated that VL is much better received by students with
gamification elements.

Different gamification elements can be incorporated into VL. Alptekin and Temmen (2020) enum-
erated a number of these elements, namely narrative, avatar, quest & mission, points, levels, badges,
and ranking lists. Of course, a gamified VL does not need to have all these elements, but at least a
number of these elements should be present. As explained by Alptekin and Temmen (2020) the most
significant element is the narrative of the game, which represents the objective of the game and the
explanation of how the game starts and ends. The incorporation of the point mechanism is also a
significant element in gamification not only to give students a tangible sense of accomplishment
but also to set benchmarks for different skill levels and success/failure thresholds. Evidence regard-
ing the effectiveness of gamification strategies for learning outcomes at various levels of Bloom’s
taxonomy demonstrates, among other things, that the narrative and point mechanisms are appro-
priate and effective gamification strategies for remembering information and learning to apply
learned facts (Bedwell et al. 2012; Rivera and Palmer Garden 2021), which are central to lab
preparation.

1.3. Significance of the study

In the specific context of civil engineering, some experiments were carried out on the develop-
ment and use of VL (e.g. Barham, Preston, and Werner 2012; Vergara, Rubio, and Lorenzo 2016;
2019). However, to the best of the authors’ knowledge, the previous experience with the use of
VL in civil engineering was mainly confined to the use of VL in a substitutional capacity and not
in a complementary capacity. Therefore, there is limited insight into how VL can be used in a comp-
lementary capacity, specifically as a preparation tool for lab sessions. It should be highlighted that
when using VL in a complementary capacity, the pedagogical objectives of VL transform from
being the same as the expected outcomes of the physical lab to preparing students to do the
experiments in the lab more effectively (i.e. fewer ambiguities about the process). This requires
the VL performance to be assessed by a different lens. For instance, for VL to prepare students
for the actual lab work, the training tool must help students hone their spatial awareness (i.e.
better navigation and orientation in the lab space). This would inevitably require the VL to be a
realistic representation of the actual layout and design of the physical lab (Schofield and Lester
2010). This requirement is less relevant if the VL is to be used in a substitutional capacity. Addition-
ally, while the previous VL platforms in civil engineering incorporated elements of interactivity, i.e.
the students can interact with the environment and make choices that impact the behaviour of the
simulated virtual world (Hatchard et al. 2019), a more elaborate gamification strategy that involves
scoring and success/failure mechanisms has seldom been used. Consequently, the main research
gap can be formulated as follows: currently, there is little insight into how gamification and VL can
be integrated into a preparation tool for engineering lab sessions and how successful the
implementation of this tool can be.

1.4. Research question and objectives

The central question that this pilot study aims to address is to what extent a gamified VL can serve as
a preparatory tool for enhancing the effectiveness of physical lab sessions. This translates into two
aims of the current pilot study: 1) To develop a training environment in the form of a gamified VL as a
preparation tool for the engineering lab session, and 2) through the implementation of this training
environment in an actual lab session, investigate the usability and effectiveness of the environment
as a training tool. More specifically, the investigation of the implementation assessed:
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(a)
(b)

usability of the VL as rated by the students,

perceived effectiveness of the VL as indexed using students’ ratings of how well-prepared they
felt for the lab session,

perceived effectiveness of the VL as indexed using a student assistant’s rating of how well the
students were prepared for the lab session, and

effectiveness of the VL as indexed using objective measures of performance.

(@
(d)

Both the self-ratings of the students and ratings of student assistants who supervise the lab ses-
sions were included in the measurement of VL effectiveness. This step was taken to ensure that if
ratings of the effectiveness of preparations for the lab were governed by a fascination with or
reliance on technology, this would become visible through a comparison of ratings. It should be
highlighted that the findings of this research need to be interpreted with caution as it is still a
pilot project and results are only an early indication of potential impact.

2. Materials and methods

Figure 1 represents the overall framework implemented in this pilot project. As shown in this
figure, the framework consisted of three main phases, namely conceptualisation, development,
and evaluation phases. In short, the conceptualisation phase was about the determination of
the objective, narrative, and gamification elements of the VL. In the development phase, the VL
training environment was developed. This environment includes a scenario that represents the
sequence of activities that needed to be followed in the concrete lab, as will be explained in
Section 2.1. In the evaluation phase, the developed environment was implemented in the Con-
struction Materials course offered in the first quarter of the 2020 academic year at the University
of Twente, as will be explained in Section 2.2.

2.1. Conceptualisation phase

This phase was implemented to define the scope of VL training and the gamification strategy. In
this first step, the objective of the training was determined by the teacher of the subject and inputs
from student assistants, considering the bottlenecks that have been observed in the running of lab
sessions in the previous years. It was determined that one of the greatest challenges in the pre-
vious years has been the unfamiliarity of the students with the lab setup, the order of lab tasks,
and safety/housekeeping rules. Also, student assistants were complaining about the high depen-
dency of students on help/guidance from student assistants. Finally, due to the restrictions set by
the university during the Covid time, it was integral that students spent as little time as possible in
the lab. Therefore, the main learning objectives of the VL were defined as follows: (1) being able to
locate the various elements of the lab setup (i.e. spatial awareness), (2) being able to recall the lab
procedure and apply the steps in a VL session (i.e. procedural awareness), (3) being able to

Conceptualization Phase

Development Phase

Evaluation Phase

Splitting Preparing the Performing — Doing the post- Analysis of the
o A
— < Students ) the lab work  experiment Survey  results
Determination of the lab work P 2
< Do the lab
objective o ’
Scanning oS = work -
Measuring the | Navigable Scene Sy _;§*. - "n1 (> =|— ’@
. Usithe  [Teacher Experiment o
foperinen || Letie T L) ||
- . Groiip g c s P Assessmen
o2 o0l the score Blind |
o — ™)
i -t ' T4 assssment
Determination of R ’
ity \4 = — Assessment
gamification elements| . -
Development  Development of Control Read the. Dothelab | Control group
of the 3D training Group guideline work assessment

Figure 1. Overview of the research methodology.
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interpret and apply safety/housekeeping rules, and (4) reducing the dependency of students on
student assistants and reducing the lab time through ensuring that students come to the lab
prepared.

With these objectives in mind, three main gamification elements were determined, namely nar-
rative, mission, and points. The narrative of the VL was defined as follows: after informing the stu-
dents about the mechanism of the game, students need to identify the right procedure of the lab
through a set of multiple-choice questions (procedural awareness). After the correct determination
of each step, the students should be given safety and housekeeping rules that pertain to that
specific task (safety/housekeeping rules). When the task requires the use of specific equipment
or relocation to a special part of the lab, the user needs to move to the target location (spatial
awareness). Navigation to the right location is the condition for the start of the next task in the
process. Also, when students are expected to perform specific tests, which are commonly more
complex than other tasks, a visual demonstration should be provided to them (reducing depen-
dencies on student assistants). The game finishes when students have gone through all the
tasks (including cleaning the lab). The mission of the game is to finish the game with as few mis-
takes as possible. To this end, it was decided to incorporate a point system where students get one
point for each correct answer and the training is considered complete only when students score
more than 80%.

2.2. Development phase

Since the development of spatial awareness was one of the main learning objectives of the VL train-
ing, the VL needed to be a realistic 3D representation of the lab. Therefore, the first step of the devel-
opment phase was scanning and measuring the actual concrete lab at the University of Twente. As
suggested by the literature, the graphical accuracy and fidelity of the model play an important role in
enhancing the effectiveness of VR-based training environments (Kamirska et al. 2019; Potkonjak
et al. 2016; Vergara, Rubio, and Lorenzo 2017). Effectiveness in this context is defined as the
extent to which the VL training environment is able to contribute to the better achievement of learn-
ing objectives. To achieve this, the researchers performed visual scanning of the site and took
measurements of the dimensions of the lab and the location of fixed furniture. Many photos were
taken to be used as visual references during the development of the 3D model. Next, the realistic
3D model of the lab was built using Google Sketchup. The Trimble 3D library was used to place rea-
listic representations of fixed furniture and lab equipment. This resulted in the development of an
on-scale realistic 3D model, as shown in Figure 2. Once the model was developed, it was transferred
to the Unity 3D game engine for the development of a navigable scene. In Unity 3D, first, a naviga-
tion feature was added to the model that would allow users to use their mouse and keyboard to
freely move in the VL. The first-person view was used for the navigation and interaction with the
model.

In the next step, the procedure of the lab work was used to create the training scenario.
Figure 3 represents the overview of the scenario implemented in this environment. As shown,
first a brief instruction about the use of the environment is presented to the user. Then, the
user is asked to provide the name, email address, and student ID, as shown in Figure 4(a).
Given that the performance of the student is communicated with the teacher in real time
through an online server, the user must be connected to the internet. In essence, the training
environment consists of 36 lab activities that need to be followed in the correct sequence. In
each step of the procedure, the user is presented with three options and asked to identify
the correct step, as shown in Figure 4(b). If the provided answer is wrong, the user is asked
to try again. When the correct answer is provided, the student is asked to navigate to the per-
tinent location in the lab where this step takes place, using a keyboard and mouse. It should be
noted that the students could not go back to the previous step, therefore they were advised to
take notes of the correct answers. Arrows are used to usher the user to the right location, as
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Figure 2. 3D model of the concrete lab.

shown in Figure 4(c). Once the user gets to the right location, an information box appears that
explains why this step is important and what the important safety and housekeeping consider-
ations are in this step, as shown in Figure 4(d). Similar introductory information is provided to
the students in the control group in the guideline, as will be explained in Section 3.2. For 4 of
the activities, given the sheer amount of important information that needs to be conveyed to
the user, instructional videos are played instead of textual information. In these videos, a lab
technician explains the details of how the steps need to be executed in the lab, as shown in
Figure 4(e). For example, the procedure for the compctability testing of concrete is explained
through an instructional video.

Once the user finishes all the tasks, the overall score is presented, in terms of the percentage of
the correct answers that were achieved on the first try. If the score is above 80%, the training is con-
sidered successful, the student is informed that he/she can proceed to the actual lab work, and the
score and the report of successful completion of the training are sent to the server, which is only
accessible by the teacher. Before the actual lab work, the teacher checks the list and informs the
student assistants in the lab if the said student is allowed to do the lab work.

2.3. Evaluation phase

Figure 5 presents the overview of the evaluation phase in terms of the procedure and instruments
used. This figure is explained in the following paragraphs.

2.3.1. Participants

In total, 92 students participated in this study. Of this sample, 82 students were enrolled in the civil
engineering programme while the remaining 10 students were external students (i.e. from other
engineering studies) who followed this course as a minor. All non-civil engineering students were
placed in the same project groups by the module coordinator and their groups (by random assign-
ment) happened to be assigned to the experimental groups.
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Figure 3. Scenario of the VL Training.

81% (i.e. 75 out of 92) of the participants mentioned they had prior experience with lab work
(either at the university or high school). Only 1 student mentioned having had prior experience
with the concrete lab (i.e. retook this course). The responses of this student, who was in the exper-
imental group, were checked separately and since it did not appear to be an outlier in any of the
scores, it was decided to retain the results in the analysis.

2.3.2. Procedure

To evaluate the (perceived) effectiveness of the developed training environment, it was
implemented as an integral part of one of the concrete lab sessions of the course Construction
Materials. This course is offered to first-year civil engineering students at a technical university
in the east of The Netherlands. This quasi-experimental study design was adopted because
despite concerns about experimental rigour, the implementation in an existing course may be
advantageous to the external validity of the conclusions (Gopalan, Rosinger, and Ahn 2020). A
nonequivalent group design was employed because the 18 groups were formed independently
of this study, even though they were randomly assigned to either control or experimental
groups. This approach can be characterised as cluster sampling. The students had to do the lab
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session in groups of 5, 6, or 7. As shown in Figure 1, the groups were split into the experimental (N
=50 students, 9 groups) and control (N =42 students, 9 groups) groups. The assignment to con-
ditions was done randomly.

Students in both conditions were assigned to conduct the same lab session. The main difference
between the experimental and control groups was the way in which they were asked to prepare for
the lab session. While the groups in the experimental condition (henceforth referred to as ‘exper-
iment groups’) were asked to follow the VL training environment, the groups in the control condition
(henceforth ‘control groups’) were only provided with the conventional lab guideline, which
explained all the steps and rules in a textual format. The guideline included 4 main sections,
namely introduction, instruments & environments, procedure, and analysis. In the introduction
section, the background of each test was explained to present the rationale behind the test (this
is basically the summary of the theory that was already given in the course lectures to the students).
In the instruments section, all the required equipment and environments were presented to the stu-
dents and graphical aids, i.e. the pictures of the equipment, were also used to help students better
identify them in the lab. The procedure section is comprised of a step-by-step description of the lab
work. This includes the elaboration of what the students need to do, what instruments to use, and
how the instruments need to be set up. Finally, in the analysis section, the necessary procedures to
analyze the results of the experiment were outlined. Figure 6 presents an excerpt of the guideline.
The use of these graphics can be considered as an effort to provide a comparable opportunity, i.e.
compared to the VL training environment, to help students gain insights about the lab setup. Given
that it was important that this pilot study does not interfere with the learning objective of the course,
i.e. to remain fair to all students, and because the guideline’s sections on the analysis of the results
could not be gamified in the VL training environment, the guideline was made available to the
experiment groups as well.

As explained in Section 2.1, the students in the experimental groups needed to have successfully
completed the VL training (final score > 80%) to be allowed in the lab. However, since the student
assistant in the lab was required to be blind about who followed the training environment, a mech-
anism was set up so that only groups that had a green light from the teacher could proceed to the
lab work. While students belonging to the control groups would automatically receive the green
light, the scores of the students in the experimental groups were first checked by the teacher,
and only if all students of the group were successful in the training, would they receive the green
light. It is important to highlight that students in the experimental groups were evaluated on the
basis of their performance in the VL, which was not possible for the control groups. This,
however, should not be perceived as a bias in the design of the experiment. As mentioned
before, mission and points are the two integral elements of gamification (Alptekin and Temmen
2020). In the case of this experiment, it was difficult to claim gamification without the incorporation
of these elements. Because we are assessing the impact of the integration of (1) gamification, and (2)
VL on students’ performance, the contribution of mission and point elements should be kept as a
unique component of the experimental group. It is also important to consider the fact that it is
through gamification and VL that we could perform pre-lab assessments easily. In the conventional
lab training practice, it is uncommon and impractical to incorporate quality control checks before the
lab. So, in the interpretation of the results, the differences in the performance of students in the two
groups should be interpreted as a combined effect of gamification (points and mission) and engage-
ment in the VL.

Evaluations of the usability of the VL and the effectiveness of preparations were done directly
after the lab session by both students and student assistants.

2.3.3. Instrumentation

2.3.3.1. Subjective assessment of usability by students. To assess the usability of the VL, each
student taking part in the experimental condition filled out 10 custom-made questions targeting
various aspects of usability, e.g.: ‘To what extent do you think the process you followed in the
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3422 Instruments
For the slump test, the following instruments are needed:

= Abrames cone (a steel cone with dimensions: 300mm height, 200mm bottom
width and 100mm top width)

= FRound steel tamping rod (dimensions: 600mm length, 16mm diameter)

= Shovel

= Measuring rod

= Watch with a second-hand

= Hard non-abzorbent surface (shaking table)

3.4.23 Test Procedure
The following procedure needs to be carefully followed:

Step 1:
Step I:
Step 3:

Step 4

Step 5:

Step 6:

Step 7:

Step &

Step 9:

Step 10:

Secure the base surface at a stable and horizontal position.
Moizturize the base surface underneath the cone.
Place the cone on the base surface.

Make sure the cone is firmly pressed onto the base( 1.e., stand on the foot-
Tests).

Fill the cone with the wet concrete. Do so in three layers of equal
thickness and tamp each layer 25 times with the tamping rod. Make sure
the metal rod just touches the layer below.

After applying the third layer, fill the cone to its top and apply a bit of

exXira wet concrete.

Strike the wet concrete off so the fresh concrete is levelled at the top of
the cone.

Remove any spilled wet concrete.

Lift the cone within 30seconds after striking off the surplus wet concrete.
The lifting motion should take appromimately 5 zeconds and zhould be
steady and vertical

As shown 1n Figure 20, place the Abrams cone on the basze surface and

next to the conical wet cOnCrete mass.

Figure 6. An excerpt from the guideline.
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Table 1. Details of the post-experiment questionnaire filled by students.

Questions Keyword Answer
Orientation Are you a civil engineering student? Yes/No
Are you an international student?
Do you have any prior experience with practical lab sessions
(e.g. in the high school)?
Have you done this concrete mix experiment in the lab
before (e.g. last year)?
Did you play the VL training game?
Use Did you also read the lab Manual? Yes/No
Did you talk to your group mates about the game strategy
(i.e. the right answers)?
How many times did you play the game to pass? (1 <2
(2) 3or4
(3) 5o0r6
(4) 7 or more
Usability of VL To what extent do you think the VR environment represented  model accuracy (1) Not at all

Training Tool

Effectiveness of VL
Training Tool

the actual lab layout?

To what extent do you think the VL training gave you the
sense of ‘being in the lab?

To what extent do you think the navigation in the VL training
was similar to the navigation in the real lab?

To what extent do you think the process you followed in the
game was consistent with the actual experiment in the lab?

To what extent do you think the graphics of VR environment
was appropriate for the training?

To what extent do you think it was easy to learn how to play
the game?

To what extent do you think the navigation feature in the VL
training (i.e. moving around) was easy to use?

To what extent do you think the interface of the VL training
was easy to understand?

To what extent do you think the use of keyboard and mouse
was appropriate for this type of training game?

To what extent do you think watching and navigating the
instructional videos were easy?

To what extent do you think the material was able to
familiarize you with the environment?

To what extent do you think the material was able to
familiarise you with the experiment procedure?

To what extent do you think the material was able to
sensitise you to health and safety rules in the lab?

To what extent do you think the material was able to
sensitise you to house-keeping rules?

To what extent do you think the material was able to inform
you about things you need to prepare for the lab
beforehand?

To what extent do you think the material reduce the need of
having a teacher assistant during the experiment?

To what extent do you think the material helped you spend
less time in the lab and do the experiment faster?

Overall, to what extent do you think the material prepared
you for the actual lab experiment?

To what extent do you want to use similar materials for other
practical classes in your education programme?

immersiveness
game physics
procedural realism
graphical realism
Ease of use
Navigation
Comprehensible
Control
Instructional Video
Spatial awareness
Procedural
awareness
Health & Safety

House keeping

Preparation

Independence
Time saving
Overall task-

readiness
Reuse

(2) Small Degree

(3) Moderate
Degree

(4) High Degree

(5) Very High
Degree

(1) Not at all

(2) Small Degree

(3) Moderate
Degree

(4) High Degree

(5) Very High De

game was consistent with the actual experiment in the lab?’. Questions were rated on a five-point
Likert scale ranging from (1) Not at all, to (5) Very high degree. The items were constructed specifi-
cally for the current study, but loosely based on previously validated work on the use of technology,
being scales for psychological immersion and perceived realism (see: Lipp et al. 2021) and a scale for

ease of use (Davis 1989). A full overview of usability items can be found in Table 1.
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2.3.3.2. Subjective assessment of effectiveness by students. To rate the perceived effectiveness of
the preparation, the students (both experimental and control group) were asked to fill in a custom-
made questionnaire (i.e. contribution to making the lab session as clear and smooth as possible)
about the material they used for the preparation of the lab work. The questionnaire was designed
to specifically assess the objectives of the tool, which were explained in Section 2.1. Ratings of
the materials were made on a five-point Likert-type scale. The scale was loosely based on validated
scales for measuring the subjective effectiveness of a technology, namely perceived usefulness
(Davis 1989) and performance expectancy (Venkatesh et al. 2003) and behavioural intention
(Davis 1989; Venkatesh et al. 2003). Table 1 presents the overview of the post-experiment questions.

2.3.3.3. Subjective and objective assessment of effectiveness by student assistants. The student
assistants were asked to keep track of (1) experiment duration, (2) the number of questions asked
by the students of each group (regardless of the nature and subject of the question), and (3) the
number of times an intervention was deemed necessary. To rate the effectiveness of the prep-
aration tool, they were also asked to reflect on the performance of each group (i.e. subjectively)
by filling out a separate questionnaire, which is shown in Table 2. As shown in this table, some
of the assessment criteria are common between the student assistants and students. Moreover,
ratings were given on the same five-point Likert scale as the one used by the students. This was
implemented to be able to compare the performances from both the external assessor and self-
reflection perspectives.

2.3.4. Data analysis

After data collection, data were transferred to an Excel file and checked for accuracy. Then, explora-
tions were conducted about frequencies of reported procedural aspects such as repetitions of the
preparatory activities, and correlation analyses were performed to index the correlation between
these events and the effectiveness of the preparation.

Subsequently, analyses were performed to address the various research questions. The usability
of the VL was mapped by computing and comparing the means of each of the Likert-scale items tar-
geting usability. The effectiveness scores were analyzed in several ways. First, differences between
experimental and control groups in terms of students’ subjective ratings of their own performance

Table 2. Details of the post-experiment questionnaire filled by teacher assistants.

Questions

Keyword

Answer

How long did the experiment take? (in min)

Duration

Integer value

How many times did you have to intervene in the experiment because students Intervention (1 <2
were doing something wrong? (2) 30r4
How many questions did you get from the students in this group? Clarity (3) 50r6
(4) 7 or more
To what extent do you think the students were familiar with the lab layout/setup?  Spatial awareness (1) Not at all

To what extent do you think the students were familiar with the experiment
procedure?

Procedural
awareness

(2) Small Degree
(3) Moderate

To what extent do you think students were sensitised to health and safety rules in  Health & Safety Degree
the lab? (4) High Degree
To what extent do you think students were sensitised to house-keeping rules in the  House keeping (5) Very High
lab? Degree
To what extent do you think students were able to do everything they were Preparation
supposed to do before coming to the lab?
To what extent do you think the students were able to perform the lab work Independence
independent of you?
In general, to what extent do you think the students were prepared for the lab Overall task-
work? readiness
Based on the performance you have observed, do you think the students in this Yes/No

group use the VL training tool?
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were tested using Mann — Whitney U-Tests. Then, the student assistants’ ratings of the performance
of groups were compared between the experimental and control groups using either t-test for inde-
pendent means, or Mann - Whitney U-Tests, depending on whether distributions of variables
approached normality. Moreover, to assess whether there was an agreement between students
and student assistants in terms of performance, their ratings of performance were compared
using Mann - Whitney U-Tests. Finally, to address the differences between experimental and
control groups in terms of objective performance measures, t-tests for independent means were
conducted, comparing the performance of the experimental and control groups.

3. Results
3.1. Descriptive analyses and correlations

Of the 50 students in the experimental groups, 30% mentioned that they managed to pass the VL
training on the first try. The remaining 70% mentioned they had to redo the training. No partici-
pant had to do the training more than 2 times. In the control groups, 36% of the students read the
guideline only once, 52% read it twice, 7% read it 3 times, and only 5% mentioned that they had to
read the guideline 4 times or more. As mentioned in Section 2.3.2, students in experimental groups
had access to the guideline. To investigate whether or not the students from the experimental
group who read the guideline before doing the VL performed better in VL (i.e. passing the VL
passing thresholds on the first try), the statistical correlation analysis was made. 56% of students
in the experimental group did not read the guideline. Of those who did not read the guideline,
67% had to do the training twice. Among those who read the guideline, 72% had to do the training
twice. Both the Pearson Correlation Coefficient of the two variables (r = —0.05) and the chi-square
test (x?=0.14; p=0.709) suggest that reading the guideline had no significant correlation with
how many times the training needed to be repeated. This suggests that the content of VL has
little overlap with the guideline, since reading the guideline did not result in a noticeable improve-
ment in VL performance.

70% of the experimental groups did not talk to their teammates about the training beforehand.
Of those who did not talk about the training with their peers, 72% had to do the training twice. Out
of 30% of students who did talk to their peers about the experiment, 66% had to do the experiment
twice. Again, both the Pearson Correlation Coefficient (r=0.05) and chi-square test (x>=0.11; p=
0.736) suggest that there is no significant relationship between the number of times the training
was done and the peer discussion. So, it can be concluded that the performance in the VL training
is not affected by reading the guideline or by talking to peers about it.

Model accuracy
3

Instructional Video Immersiveness
>

Game physics

Comprehensible \4.2 54 Procedural realism

Navigation Graphical realism
Ease of use

Figure 7. Usability assessment of the VL training environment.
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3.2. Usability assessment

Figure 7 represents the assessment of the VL training environment mainly from the usability per-
spective. 10 items introduced in Section 2.3 were used to assess the environment. As shown in
Figure 7, the environment scored above average on all items.

The most appreciated aspects of the environment were the ease of use, comprehensibility, and
control, in that order. This indicates that, essentially, students faced no particular challenges in
the comprehension and use of the environment. The lowest-scored aspect of the environment
was procedural realism (average score of 3.54/5), which means that some students have experienced
that they need to do the tasks in a slightly different order as prescribed in the environment. This has
happened because sometimes student assistants mistakenly deviated from the prescribed pro-
cedure. This indicates the importance of a full alignment between the training environment and
supervisory staff in the lab. The physics of the environment scored the second least (average
score of 3.6/5). It is, as mentioned by students in the open comments, mainly because some of
the objects in the VR scene did not have colliders (due to design error) and therefore the user
could pass through them. While the model accuracy scored high (average score of 3.96/5), the
graphical realism of the VR scene scored slightly lower (average score of 3.82/5). However, given
the purpose of the training environment, it was important for all students to be able to install
and use the environment smoothly without imposing high computer graphics requirements. In
light of this compromise, in general, the graphical fidelity of the model seems to have been accep-
table. Other interface-related aspects of the environment (i.e. navigation and control) were scored

high and appreciated.

3.3. Effectiveness assessment

3.3.1. Subjective assessment of lab performance by students
The next aspect of the environment assessed in this study was the perceived effectiveness. Questions
answered by students can be found in Table 1. These questions aimed to assess the training
material’s impact on enhancing spatial awareness, procedural awareness, health and safety aware-
ness, housekeeping, preparation, independence, and overall task readiness.

Figure 8 represents the results of the perceived effectiveness assessment by students (i.e. self-
reflection). In this figure, colour-coded columns show the distributions of scores in each category
(e.g. 32 students scored spatial awareness of VL training very high). In the same figure, the solid
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Figure 8. Comparative assessment of the effectiveness of the training based on a qualitative assessment by students.



Table 3. Analysis of the effectiveness based on a subjective assessment by students.

Experiment Control Levene's Test of Variance
Group Group Homogeneity Kolmogorov-Smirnov Test of Normality Mann-Whitney Test (one-tailed)
p- p-
Category Mean o Mean o fratio value condition p-value (experiment group) p-value (control group) condition z value  Significant (95%)
Spatial awareness 4220 0610 3.262 0.874 4255 0420 Not Met 0.133 0 Not Met 4903 0 Yes
Procedural awareness 3.920 0.868 3.571 0.728 0318 0.574 Met 0.001 0 Not Met 2265 0.012  Yes
Health & Safety 3,500 0.831 2952 1.022 2177 0.144 Met 0.021 0.004 Not Met 2273  0.012  Yes
Housekeeping 3.740 0716 3.048 1.045 2189 0.143 Met 0.011 0.002 Not Met 2987 0.001 Yes
Preparation 3,500 1.100 3.548 1.051 0.121 0729 Met 0.036 0.008 Not Met  —0.051 0.48 No
Independence 2.880 1.107 2690 1.058 0.042 0838 Met 0.094 0.011 Not Met 0.800 0.212 No
Time saving 3.860 0.980 3310 0.988 0 0.984  Met 0.016 0.015 Not Met 2489 0.006 Yes
Overall task-readiness  4.200 0.748 3.452 0.662 0.026 0.873  Met 0.001 0.006 Not Met 4205 0 Yes
Reuse 3940 0968 3762 0.840 0.065 0799 Met 0.007 0 Not Met 1254 0.106 No

61 Q NOILYDNA3 ONIYIINIONT 40 TYNHYNOr Nv3dodNn3
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lines show the average score in each category, where red represents VL training and yellow rep-
resents guideline-based preparation. For instance, the average score of spatial awareness is 4.2
and 3.3 for VL and guideline-based training, respectively. As shown in this figure, the VL-based train-
ing scored higher than that of guideline-based on all items but one (i.e. preparation). However, from
the student’s perspective, the impact of both training materials on giving students an idea about
what to prepare for the lab is the same. To test whether the perceived effectiveness of the VL
and the textual guidelines were rated differently, statistical analyses were performed, as shown in
Table 3. To test the significance of variance between the two groups, first, the normality and variance
homogeneity of data were tested using the Kolmogorov - Smirnov Test of Normality and Levene’s
Test of Variance Homogeneity, respectively. For data that met both conditions, independent samples
t-tests were used to assess group differences. For data that were neither normally distributed nor
have homogenous variance, Mann - Whitney U-Tests were used to test for group differences.
Because the primary aim of this pilot study was to see whether or not VL improves performance,
the significance was only investigated in one tail. As shown in Table 3, the data representing the sub-
jective assessment by students do not meet the criteria for the T-test. However, the Mann — Whitney
test suggests that in 6 out of 9 criteria, the variance between the scores of the two groups is signifi-
cant. From the students’ perspective, however, the training environment performed considerably
better in terms of (1) honing spatial awareness, (2) procedural awareness, (3) health and safety, (4)
housekeeping, (5) time-saving, and (6) overall task-readiness. It means that from a statistical stand-
point, there is not a considerable difference in how the VL training environment helped students (1)
make the necessary preparation for the lab work, (2) do the lab sessions independently, and (3)
become interested in reusing similar type of training materials.

3.3.2. Subjective assessment of lab performance by student assistants

Figure 9 presents the results of the subjective assessment performed by student assistants. This
assessment was merely based on the observation of students’ performance and not through
direct questions or measurements. As shown in this figure, student assistants (who were not
aware of what training material each group of students used for preparation) consistently scored
experiment groups higher on all items. Again, the analysis of the significance of variance, which is
shown in Table 4, suggests that the difference between the scores of the two groups is significant
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Figure 9. Comparative assessment of the effectiveness of the training based on a qualitative assessment by teacher assistants.



Table 4. Analysis of the effectiveness based on a subjective assessment by teacher assistants.

Experiment Control Levene’s Test of Variance T-Test for 2 Independent Means
Group Group Homogeneity Kolmogorov-Smirnov Test of Normality (one-tailed) Mann-Whitney Test (one-tailed)
p-value p-value
f p- (experiment (control t- p- Significant p- Significant
Category Mean o Mean o ratio  value condition group) group) condition  value value (95%) Z value (95%)
Spatial 4222 0629 3222 078 09 0.357 Met 0.307 0.391 Met —2811 0.006 VYes N/A
awareness
Procedural 4 0.816 2556 0.497 1.061 0.318 Met 0.683 0.130 Met 4274 0 Yes
awareness
Health & Safety  3.556 0.497 3.333 0.667 0.81 0.381 Met 0.130 0.381 Met -0.756 023  No
Housekeeping 4111 0314 3111 0567 1389 0.256 Met 0.007 0.160 Met N/A —-2.826 —2.075 Yes
Preparation 4111 0314 3222 0916 6.734 0.02  Not Met 0.007 0.486 Not Met 0.002 0.019 Yes
Independence 3556 0.685 2444 0956 1331 0.266 Met 0.180 0.428 Met 2.673 0.008 Yes N/A
Overall task- 4 0.667 2667 0.667 0.516 0483 Met 0.416 0.381 Met —4 0.001 Yes
readiness
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in all cases except health and safety. The same method explained in Table 3 was used to investigate
significant variations. From the student assistants’ perspective, the largest differences were observed
in (1) procedural awareness, (2) housekeeping, and (3) spatial awareness. When student assistants
were asked to speculate whether or not the group used the VL training environment, they were
able to correctly answer this question in 89% of the cases (16 correct guesses, one false positive,
and one false negative). In an informal discussion with the researchers after the whole experiment,
student assistants pointed out that students who used the VL training games needed very little gui-
dance in terms of where to find different resources (i.e. ingredients or equipment) and how to organ-
ise themselves in the overall procedures; so much so that student assistants could easily deduce
which groups did the VL training.

The subjective assessments by students and student assistants are compared to one another, as
shown in Figure 10 and Table 5. Due to deviations from normality in student data, Mann - Whitney
Tests were used with two-tailed significance testing. As shown in Table 5, the scores given by stu-
dents and student assistants are statistically similar (or comparable) for all cases except the pro-
cedural awareness and overall task-readiness of control groups. This means that students who
followed the guideline-based training overestimated the extent to which they could recall the lab
process and also in general ready for the experiment in the lab. An interesting observation is that,
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Figure 10. Comparison of scores by students with teacher assistants for (a) experiment groups, and (b) control group.



Table 5. Side-by-side comparison of subjective scores by students (i.e. self-reflection) and teacher assistants (external assessment).

Experiment Group Mann-Whitney Test (two-tailed) Control Group Mann-Whitney Test (two-tailed)
Mean Score by Mean Score by Teacher p- Significant Mean Score by Mean by Teacher p- Significant
Category students Assistants z value (95%) students Assistants z value (95%)
Spatial awareness 4.220 4222 —-0.011 0.992 No 3.262 3.222 0.100  0.920 No
Procedural 3.920 4 —0.053  0.960 No 3.571 2.556 3212 0.001 Yes
awareness
Health & Safety 3.500 3.556 —-0.242 0.810 No 2.952 3.333 —0.940 0.347 No
Housekeeping 3.740 4111 —1.455 0.147 No 3.048 3.1 0.074 0.944 No
Preparation 3.500 411 —1.444  0.150 No 3.548 3.222 0976 0.327 No
Independence 2.880 3.556 —1.455 0.147 No 2.690 2.444 0.605 0.542 No
Overall task- 4.200 4 0.780 0.435 No 3.452 2.667 2.557 0.010 Yes
readiness
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Table 6. Analysis of the effectiveness based on an objective assessment by teacher assistants.

Experiment Levene’s Test of Variance T-Test for 2 Independent Means
Group Control Group Homogeneity Kolmogorov-Smirnov Test of Normality (one-tailed)
p- p-value (experiment p-value (control p- Significant
Category Mean o Mean o fratio value condition group) group) condition t-value value (95%)
Duration (min) 135 18.708 161.667 36.43 1735 0206 Met 0.632 0.078 Met —-1.841 0.042 Yes
Number of questions (#) 3.278 1.356 4333 1.247 0.006 0941 Met 0.444 0.065 Met -1.62 0.062 No
Number of interventions 4333 1.650 7.944 1403 0215 0649 Met 0.15 0.352 Met —-0.798 0.218 No

(#)

IV 13 DIVHYILYAHVA 4 (%) 81
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in general, the experimental groups had the tendency to underestimate (albeit to a small degree) the
contribution of the training environment to their performance, while the control group had the ten-
dency to slightly over-estimate.

3.3.3. Objective assessment of lab performance by student assistants

Finally, the results of the objective assessment of the groups’ performances are presented in Table 6.
As mentioned in Section 2.2, the objective effectiveness of the environment is defined in terms of the
extent to which it contributes to making the lab session a smoother process. This is measured, quan-
titatively, in terms of the time students spent in the lab, the number of questions they asked in the
lab, and the number of times the intervention, i.e. by the student assistants, was required.

As shown, the experimental groups have outperformed the control groups in terms of the dur-
ation of the lab session. Experimental groups spent on average 25 min (approximately 16%) less
time in the physical lab sessions than the control groups. An independent samples t-test demon-
strated that this difference was significant at a 95% confidence level, and had a large effect size,
Cohen’s d =0.92. Regarding the two other metrics, although experimental groups still outperformed
control groups, the difference is not statistically significant.

4. Discussion and conclusions

This pilot study investigated the impact of using VL as a training environment in the concrete mix
design lab of the civil engineering programme. To this end, first, a realistic VL was developed to rep-
resent the actual layout of the concrete mix lab. Then, a gamification strategy was implemented in
the VL to incorporate an element of narrative, narrative, mission, and points. To assess the usability
and effectiveness of the environment, the students were split into experimental and control groups,
where experimental groups used the VL training environment, and the control group used the tra-
ditional guideline. The post-experiment survey was conducted targeting both students and student
assistants. The survey focused on the assessment of the usability and effectiveness of the VL training
environment.

4.1. Usability of the gamified VL

The usability of the VL was assessed using a questionnaire filled out by students taking part in the
experimental group. Ratings of the various usability aspects revealed that overall, engaging in the VL
yielded few problems. Investigating usability is of crucial importance when it comes to the
implementation of technological tools in education, as it is a prerequisite for effective learning (Asar-
bakhsh and Sandars 2013). From the perspective of the integration of VL training into the lab work,
the use of the training environment was very seamless, and very few complaints were reported
about the use of the environment. The only complaint issued by students was that they could
pass through some objects in the VL. This may have interfered with their sense of presence,
which refers to the experience of being present in the virtual environment and may enhance learn-
ing performance (Grassini, Laumann, and Rasmussen Skogstad 2020). Otherwise, the students found
the environment very easy to use. Moreover, the method with which the environment was
implemented in the flow of education (i.e. registering the scores and making sure everyone
passed the training before the actual lab work) appeared to be very organic and easy to follow. Con-
trary to the expectation of the authors, none of the students in the experimental groups found the VL
training long or the fact that they needed to do it more than 1 time frustrating. This is evident by the
strong willingness of the students (78% showed very high or high willingness) to reuse the environ-
ment in the other lab sessions.

In general, the tool achieved high scores in all usability assessment criteria. This indicates the
great potential of the tool for rendering the lab experience of students and student assistants
more pleasant and playful (Asarbakhsh and Sandars 2013). Of course, certain design aspects of
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the tool can be enhanced in view of the received feedback, this includes more realistic physics and a
better representation of the lab. A very important procedural observation in the process was the
observation by students that student assistants occasionally deviated from their instructions from
the prescribed procedures in the VL. While this is a minor flaw in the execution of the lab sessions,
the fact that students who took part in the VL sessions noticed this can be seen as evidence of the
effective retention of lab procedures. As suggested by other researchers, this can be ascribed to stu-
dents’ virtual experiences (Hatchard et al. 2019).

4.2, Effectiveness of the gamified VL

The effectiveness of the gamified VL was investigated from three different perspectives: 1) objective
measures of student performance by the student assistant, 2) subjective self-ratings of students, and
3) subjective ratings of the student’s performance by the student assistant.

In terms of objective measures of performance, the VL training environment contributed to redu-
cing the time students spent in the lab by 16%, confirming a previous finding that VL sessions reduce
the perceived time spent in the lab (Blackburn, Villa-Marcos, and Williams 2018). While a general vari-
ation in the time spent in the lab can be attributed to normal differences in the students’ personal
time needs and background, it is shown that there is a statistically significant difference regarding
time spent in the lab between the experimental and control group, with the experimental group
spending notably less time in the lab than the control group. This difference can be attributed to
the effect of gamified VL on students’ preparedness for lab work. This observation is a good indicator
of the success of this tool, mainly because one of the main objectives of developing this tool was to
reduce students’ time in the lab (mainly in the wake of Covid).

The benefits of the current VL training, as indexed by subjective ratings of performance by both
the students and student assistants, align with previous studies on similar training materials (Hatch-
ard et al. 2019; Ullah, Ali, and Rahman 2016a). The developed VL environment outperformed the con-
ventional guideline-based training in the majority of the assessed criteria. The significant difference
in the overall task-readiness assessment done by student assistants between the experimental and
control groups and also the high accuracy of prediction about who used the VL training suggests
that the VL training has a tangible impact on the performance of the students in the lab.

It can, therefore, be concluded that the use of VL in a complementary capacity and as a training
environment is very effective in enhancing students’ performance in the lab and reducing the time in
the lab. The Gamification strategy implemented in the VL training proved to be successful in ensur-
ing that students gain enough insights about the lab experiment without feeling frustrated. This
suggests that the environment was engaging enough to foster student performance (Allen and
Barker 2020; Vergara, Rubio, and Lorenzo 2017). On this premise, the main contribution of this
pilot study can be summarised as presenting a thorough investigation of how VL can be used as
a training environment to improve engineering lab education, especially in the context of civil engin-
eering. As shown in the introduction, this addresses a gap in the literature where many researchers
have concluded that VL is best used in a complementary capacity, but very little research was done
on the integration of VL and gamification and its impact on engineering lab sessions.

4.3. Reflection, limitations, and future work

It should be highlighted that the results of this pilot study should be perceived as an early indication
of the potential. The study aimed to develop and test a gamified VL as a complementary preparation
tool. To further investigate the impact of such a tool on students’ performance, a more rigorous
experimentation setup can be useful in the future. Rigour can be improved in two ways, the first
of which is the instrumentation. In the current study, usability and effectiveness were rated with
custom-made questionnaires that included one item per aspect of usability and effectiveness. To
fortify the conclusions, these aspects should all be measured with various items, and the
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questionnaire should preferably be validated. Second, this study only considered the two extreme
scenarios of using either (a) the preparation tool (both gamification and VL) or (b) the guideline.
In line with conventional practices of engineering lab sessions, no pretest was conducted in the
control group. As a result, the effects of the current study need to be interpreted with some
caution, as it is not certain that random assignment to conditions leads to equally performing
groups prior to the experiment. Moreover, the fact that the gamification strategy in VL required stu-
dents to ‘pass’ the training, could have created a situation when prepared students were potentially
compared with non-prepared students. On one hand, this indicated that the tool (and the gamifica-
tion strategy therein) was successful in pushing the students to prepare for the lab without over-
whelming them (78% willingness to use the tool). On the other hand, it is difficult to determine
whether this can be attributed to the VL or the gamification strategy. In more rigorous testing,
one experimental group can be created to only use the gamification in a non-VL environment
(e.g. a written exam) and one group to only use the VL with no gamification. This could make it
easier to better determine the root cause of changes in the performance of students. This is one
of the future works of the authors. The authors will use the same course next year to perform this
case study.

Additionally, the current study adopted two elements of gamification, namely the insertion of a
narrative and awarding points to assess performance. Although there is no question about whether
gamification was present in the current study, the strategies for gamification were limited and can be
expanded upon in future work by, for example, adding a visualisation of progress towards com-
pletion of the game through badges or awards (Bedwell et al. 2012) and social competition
through leaderboards or halls of fame (Joshi, 2022). Effects of individual gamification strategies as
well as combinations of strategies need further empirical exploration.

There were a few practical learning points that emerged from this pilot project; (1) The effec-
tiveness of the VL environment as perceived by students seems to be tightly associated with
the realism of the virtual environment. This aligns very well with the aim of this VL to teach stu-
dents about the physical layout of the lab. Nevertheless, the layout of the physical lab can
change from one year to another, creating incremental dissimilitude between the physical and
VLs. It is, therefore, worthwhile to invest in the development of a customisable VL that would
allow teachers to easily modify the lab layout at the beginning of the course each year. Moreover,
investing in realism may indeed be fruitful up to a certain point, but the preference for realism that
prevails across literature targeting VR for learning may partially be based on misconceptions (Skul-
mowski et al. 2021) and should therefore be treated with some caution; (2) Based on the feedback
from the student assistants, while VL has had a palpable positive impact on student’s performance
in the lab, it seems to have caused a degree of rigidity in students’ perceptions of lab procedures.
While from the safety perspective, this is not necessarily a negative point, this might be construed
as being too prescriptive rather than educative. In other words, to further develop the educational
function of the VL, perhaps teachers need to think of strategies to incorporate the raison d’etre of
instructions in the VL. This could help students master the core requirements of lab operation and
construct situation-sensitive understandings of the operations, and gradually transition from fol-
lowers to interpreters. Thus, they become conscious of lab rules and can organically apply them
in new cases using core knowledge of the lab aims flexibly (Spiro et al., 1991); and (3) The very
nature of the VL developed in this pilot study was a single-player game. This is in contrast with
the majority of engineering lab sessions where experiments are done in groups. While the
single-player setup ensures that all students are trained in all aspects of the lab procedure, it
ignores the collaborative nature of the work. The possibility of implementing a multi-player
setup in VL can be explored in the future.

Future studies may address the effects of textual and VL briefing on lab performance and disen-
tangle between the various aspects of the VL that may foster student performance to find out what
accelerates their learning. In particular, studies may address the extent to which the use of technol-
ogy in itself accelerates performance and disentangle these effects from novelty effects, the effects
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of gamification strategies, and the effects of feedback and/or repetition on performance. This may
help streamline the design of VLs to optimise their benefits for learning.
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