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Abstract

The highly complex nature of chemical process industry necessitates regular, updated,
and relevant training for chemical operators to ensure that they are equipped to perform their
functions. Hence, this study proposes the use of immersive virtual reality (IVR) in chemical
industries, as they can facilitate effective training in a safe and controlled environment.
Following the rapid advancement and growing market of IVR, it becomes necessary to develop
an unbiased, and unobtrusive assessment design in this environment. The literature review
conducted in this study suggests that VR-based health and safety training, vis-a-vis the
conventional methods, is more effective in developing and enhancing the reaction, learning,
and behavioural levels of trainees. As to the behavioural intention to adopt IVR, data collected
and analysed from 438 respondents, who were grouped according to prior IVR experience,
nationality, and length of work experience, shows no statistically significant differences among
the groups. Since there is lack of development of a systematic assessment framework that is
tailored-fit for IVR, this study proposed an assessment structure incorporating and harmonizing
appropriate methodologies. The proposed framework uses Dreyfus model, which provides for
the progression of a novice to expert, incorporates evidence-centred design (ECD), to provide
logistical and evidentiary links from collected data to the desired evaluation construct, and
integrates fuzzy comprehensive evaluation method to further enhance the resolution of levels
in Dreyfus model. This framework was tested and validated through an IVVR-training prototype
called ‘Operate Your Own Reactor’, which was specifically created for this study, in ACTA
(Belgium). Lastly, the study discovered that in terms of attitude, satisfaction based on content,
and behavioural intention, there are no significant differences whether trainees are presented
with simplified or detailed assessment results. Nonetheless, trainees are found to prefer the

latter as it helps them improve further.

Keywords: Virtual reality, Chemical industry, Health and safety training, Expertise

Development, Assessment, Adoption intention
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Chapter 1. Introduction

1.1. Background and significance of the study

High-risk industries such as chemical processes, are usually highly complex and contain
numerous interacting variables such that changing one may affect several variables
simultaneously (Colombo et al., 2014; Garcia Fracaro et al., 2021). Due to these complexities,
chemical plant operators face additional challenges since erroneous interpretations or
assumptions made during the operations may lead to a serious accident (Nazir et al., 2012; Patle
et al., 2019). Since handling and management of accidents do not always proceed exactly as
written and described in manuals, it is essential for the operators to have a good level of
awareness and the ability to perform accurate actions to ensure productivity and safety of the
plant both in normal and abnormal situations (Colombo et al., 2014; Zare et al., 2019).

To ensure the safe operation of each equipment in a chemical plant, operators must be
able to interpret the available information, collaborate with different teams, understand the risks
and consequences of every action, and deal with the given situation based on their experience
(Colombo & Golzio, 2016). For the operators to acquire these skills, they must undergo a series
of effective training, such as health and safety (H&S) training. In the past, a combination of
various training methods, such as classroom training, on-the-job training, and/or 2D simulation
tools, were considered to be an effective training method to enhance the required skills for
operators and employees (Patle et al., 2014, 2019).

However, for highly automated chemical plants these training methods alone are
insufficient in effectively training the operators as lecture-based training has drawbacks with
poor engagement of learners, on-the-job training may be unsafe, and 2D simulations may not
provide enough realism of the process (Patle et al., 2019). In applying these methods, operators
may find it difficult to respond adequately and appropriately during unexpected situations in
real life. A factor that may contribute to the ineffectiveness of these training methods is their
concentration on troubleshooting the emergency situation rather than understanding the
rationale of why an operation or process is risky in the first place (Kumar et al., 2021;
Thompson & Falco, 2020).

Given the abovementioned challenges associated with conventional training methods,
the use of technology-aided learning materials, such as virtual reality (VR) technology is
receiving great interest from different stakeholders. The recent advancement in the field of VR
technology enables the creation of more realistic, in-depth, safe, yet complex 3D chemical plant

scenarios, both normal and/or dangerous conditions, where trainees can enhance their
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anticipation of circumstances through participation (Manca et al., 2013; Shamsuzzoha et al.,
2019). For instance, aside from the ability to create dynamic, immersive, and 3D simulated
chemical plant environments where professionals can interact and move freely, VR
technologies allow users to have a better understanding of the schematics of the process/plant
which are abstract at the representation level (Feise & Schaer, 2021; Nazir et al., 2012).
Although research focusing on the application of VR in terms of feasibility, usability, etc., has
received considerable attention, only limited analysis of different assessment methods and
instruments to evaluate the effectiveness of VR-based training in developing skilled operators
is currently available.

In order for the stakeholders, especially trainers and administrators, to make sure that a
specific VR-based training is effective and aligned with the needs of their organisation it is vital
for them to understand the various assessment methods used to evaluate their effectiveness. For
instance, the advances in VR-based technologies, such as desktop computers and head-mounted
displays (VR-HMDs), have made it possible to trace and capture several in-game learner-
generated data that can be used as indicators to assess their corresponding knowledge and/or
skills (Drey et al., 2020; Min etal., 2019; Shute & Rahimi, 2021). Through examining questions
like why and/or how learning takes place when using VR-based training, it is possible to
measure the degree to which the chosen VR-based training equips the trainees in accomplishing
certain tasks as well as addressing unforeseen circumstances.

It is also imperative to verify the adoptability of the new VVR-based training in the
perspective of the operators and employees working in chemical industries. According to the
critical mass theory proposed by Oliver et al. (1985), sufficient numbers of individuals (i.e. the
critical mass) who are willing to try and use readily available new technology is necessary in
order to achieve a self-sustaining rate of adoption and to create network-like benefits (Lew et
al., 2020). Through uncovering the demand of the users who are keen to adopt VR-based
training, stakeholders will have a clearer view on what specific construct(s) (e.g. more
feedback, more game elements, more easy controls, etc.) should be prioritised in designing
appropriate training in the VR environment.

Given that the VR-based technologies have the potential to play a significant role in
delivering professional development, several stakeholders have begun asking for the
development of useful training metrics which will utilise user-generated data that may be used
to assess whether the specified learning outcome(s) were achieved (Loh et al., 2015). Currently
the guidance on good practices in terms of employing assessment in VR-based environment is
very limited. This is due to the complex nature and novelty of the environment requiring a

methodological and tedious process of creating an appropriate assessment technique. Thus,
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developing a simple and easy to follow guidelines on improving the design and utility of these
digital assessment systems would be highly beneficial to the community.

In order to capitalise on the potential of the VR-based training in terms of its assessment,
stakeholders should consider factors such as (1) how to extract, organise, and quantify the most
important information from the pool of data in the VR environment, (2) how to categorise the
degree of learning shown by the trainees in the VR environment, (3) how to verify that the
collected information from the VR environment provides sufficient and clear interpretations
related to the learning and development of trainees, (4) how to calculate and present the
performance results as well as the corresponding feedback of the trainees after the VR-based
training.

Given that the implementation of every important construct requires substantial amount
of time and effort, it will be helpful for the stakeholders to follow an effective, accessible, and
reliable set of guidelines to speed up the implementation of assessment systems in the VR-based
training. A case-study aiming to understand how a set of developed and validated assessment
guidelines can be integrated in the VR-based training by different stakeholders for their
respective accountability purposes (e.g. evaluation of trainees, identification of skilled workers)

would be beneficial in achieving this goal.

1.2. Aims and objectives

The main objective of this study is the establishment of an assessment framework that
can be integrated in VR-based training environments to assess the skills of chemical industry
operators. To achieve this, there are several objectives that need to be completed:

1. To conduct a systematic examination of existing literature on the current studies in
VR-based health and safety training, assessment techniques, training evaluation, and
the potential of these VVR-based technologies to improve the training evaluation
outcomes in various high-risk industries.

2. To explore the similarities and differences between the different sub-categories of
chemical operators and employees in terms of their intentions to adopt VR-based
training.

3. To develop a guideline on employing an unbiased and unobtrusive assessment
framework for the evaluation of user expertise in immersive learning environments.

4. To perform a case-study with industrial partners (MERCK and ACTA) in order to
identify the potential benefits of using the developed assessment framework in VR-

based chemical process safety training.



5. To determine the preferences of the users regarding how digital assessment should

be implemented in VR-based chemical process safety training.

1.3. Thesis outline

This thesis contains details of research undertaken in partial fulfilment of the Doctor of
Philosophy (PhD) award in Chemical Engineering from Newcastle University. All
experimental work was led by the primary author, Ryo Toyoda. The list of individuals who
helped the primary author during the experimental work can be found in the Acknowledgement
section. All of the chapters were written by the primary author, and edited by Dr. Fernando
Russo Abegéo and Prof. Jarka Glassey. It is divided into four major chapters in addition to the
introduction and conclusions.

This introduction is followed by a systematic literature review (Chapter 2) which
focuses on exploring the effectiveness of VR-based training. The review includes a brief
discussion of the history, advantages as well as challenges of VR. Current application of VR-
based training in various high-risk industries is also reviewed. In addition, discussions on the
different assessment methods as well as their application in different VR-based training in
various high-risk industries are presented. Furthermore, a review on the potential of VR-based
training to improve the training evaluation outcome(s) compared to traditional and/or other VR-
based training methods is provided. Lastly, this review chapter proposes a training design
framework that may be adopted to align the VR-based training with desired training outcome
and assessment method.

Chapter 3 investigates the interrelationship between influential factors and behavioural
intention to adopt immersive virtual reality (IVR) among different groups of people working in
chemical industries through adapting the modified Unified Theory of Acceptance & Use of
Technology 2 (UTAUT 2). Data were collected using an online questionnaire from chemical
operators and/or employees. Partial least squares structural equation modelling (PLS-SEM),
based on SmartPLS™ version 3, was used to analyse the intention of the population sampled to
adopt IVR, followed by multi-group analysis (MGA\) to explore the differences between groups
of chemical operators and/or employees. The findings from this chapter contribute to the
literature of the UTAUT2 model on IVR adoption in formulating appropriate strategies to
improve the adoption of IVR in different group settings.

Chapter 4 discusses the detailed procedure of establishing an effective assessment
framework for IVR-based training comprised of a three-step approach. The first step involves
the creation of competency-based assessment rubrics in VR setting through employing a
4



combination of methodologies such as the evidenced-centred design (ECD) model, and the
Dreyfus model. Afterwards, the developed assessment framework is validated by a group of
experts in the H&S training through a focus group discussion (second step). Subsequently, the
overall user performance score is evaluated using a fuzzy comprehensive evaluation method
(third step). The developed assessment framework is then implemented and tested in a case
study which involves an IVR-based chemical process safety training called ‘Operate Your Own
Reactor’. The results from this chapter confirmed that the developed assessment framework,
which was integrated in the IVR-based safety training system on the production of n-
butyllithium, has positive implications for various stakeholders such as trainees, trainers, and
administrators.

Since the success of implementing digital-based assessment in VR environment
depends on the delivery and communication of assessment results to the learners, as well as
their corresponding feedback, Chapter 5 aims to evaluate the perspective of the participants
with regard to the delivery and presentation of their performance in IVR-based training. In
pursuit of the abovementioned objective, a quasi-experimental approach was implemented. The
participants were divided into a control group and an experimental group. The control group
performed the IVR-based training showing simple assessment system (e.g. only overall grade)
while the experimental group performed the same IVR-based training showing detailed
assessment system (e.g. more information such as number of mistakes, or hints per sub-task
aside from the overall grade). The findings from this chapter provide insights for assessment
designers on how evaluation should be presented in IVR environment in order to support
autonomous learning.

The overall impact of the work described in the previous chapters is discussed and
summarised in Chapter 6. The recommendations for future work are also discussed in this

chapter.



Chapter 2. VR-based health and safety training in various high-risk

industries: a literature review

The rapid evolution of the digitalised world is contributing to the rise in reports on the
benefits and applications of virtual reality (VR) for health and safety training in various high-
risk industries. However, the degree of effectiveness of these VR training methodologies has
yet to be fully explored. To bridge this gap, a critical review of the existing VR-based studies
was conducted. Unlike previous review studies that focused on uncovering the characteristics
of the technology and the challenges in this field, this study mainly evaluates the effectiveness
of VR-based training according to Kirkpatrick’s model (Kirkpatrick, 2006) as it is the most
commonly adopted framework for helping stakeholders to analyse their training programmes.
A total of 1516 records were identified through an explorative search, conducted in Scopus, of
relevant citations from 2011-2021. 59 articles were considered and classified based on (1) the
topics of H&S training, (2) the type of VR, (3) the types of training evaluation outcome, (4) the
types of assessment techniques and (5) its potential to improve the training evaluation
outcomes. The results of this analysis indicate the breadth of VR-based applications in training
users on a combination of topics including risk assessment, machinery and/or equipment
process/procedural operation or both topics in various industries. Data showed that the use of
fully immersive VR increased significantly due to the improvements in hardware, display
resolution, and affordability. Most of the articles used external assessment to measure the
changes in the satisfaction and the declarative knowledge of trainees as these are easier to
implement, while some articles started to implement internal assessment that provides an
automated assessment capable of measuring complex skills. The results of the study also
suggest that the VR-based H&S training has the potential to improve the training evaluation
outcomes compared to traditional training methods. The findings from this study provide
practitioners and safety managers a training design framework that may be adopted to optimise
the condition of a VR-based training.

2.1. Introduction

High-risk industries operating potentially dangerous processes, such as those found in
the aviation, construction, and chemical sectors, must comply with occupational health and
safety standards to sustain nearly error-free levels of performance (Health and Safety

Executive., 1999; Hudson, 2003). For an organisation to maintain its high standards, it is



important to create and provide a well-developed experiential health and safety (H&S) training
programme. However, for the abovementioned industries, it is often impractical to further
supplement experiential learning using traditional approaches due to reasons such as cost,
operation, and practical limitations (Gao et al., 2019).

Given these challenges associated with the traditional H&S training methods, the
importance of technology-aided learning material has been increasing (Soret et al., 2019).
Among the different technology-aided learning materials, virtual reality (VR) is becoming more
widely integrated into H&S training for safety-critical industries. This technology can create
safe yet complex learning and training environment, as well as promote knowledge acquisition
through active involvement (Gao et al., 2017; Isleyen & Duzgun, 2019). Considering the
promising learning improvement that VR can provide, it is understandable that the number of
publications focusing on the application of VR to specific areas such as education and training
is increasing (Checa & Bustillo, 2019; L. Jensen & Konradsen, 2018). However, little research
has been conducted into the analysis of different assessment methods and instruments to
evaluate the effectiveness of VR training.

To make sure that the new VR training is effective and aligned with the needs of the
organisation it is important for the stakeholders, especially trainers and administrators, to
understand why and how learning occurs when using VR tools in order to choose appropriate
assessment methods and use these as indicators of the effectiveness of the VR training.
However, the recent review on the effectiveness of both conventional and computer-aided
technologies for health and safety training in the construction sector by Gao et al. (2019) stated
that the empirical evidence supporting the effectiveness of computer-aided technologies (CAT)
is still limited. This claim was based on the result that out of the 34 CAT articles considered,
only one study evaluated the effectiveness of knowledge acquisition during training (Gao et al.,
2019).

Professional training is considered effective when the required attributes, such as
problem-solving and analytical skills, are transferred and applied successfully to the daily jobs
of trainees. Since it is the responsibility of stakeholders to choose and implement effective
health and safety training, it is beneficial for them to understand the various assessment methods
used to evaluate training effectiveness. The purpose of this study is to conduct a systematic
examination of literature to review the assessment methods used to evaluate the outcomes of
the different VR-based health and safety programmes in various high-risk industries. Thus, the
following research questions guided this review:

(1) What topics have researchers investigated for VR-based health and safety training in

various high-risk industries?



(2) What types of VR were used to deliver health and safety training in various high-risk
industries?

(3) What were the outcome(s) measured for establishing the effectiveness of the VR-
based health and safety training in various high-risk industries?

(4) What assessment techniques were used to evaluate the outcome(s) of VR-based
health and safety training in various high-risk industries?

(5) Does VR-based health and safety training in various high-risk industries have the
potential to improve the training evaluation outcome(s) compared to traditional

and/or other VR-based training methods?

2.2. Virtual reality

Although VR environment is simulated artificially, this tool has been progressively used
for different training purposes as it allows trainees to behave and react as close as possible to
reality where they can construct their knowledge through observing, manipulating, and
analysing information obtained inside a safe and interactive environment (Avveduto et al.,
2017; Kassem et al., 2017). According to Burdea (2003, p3), the term “virtual reality (VR) is a
high-end user-computer interface that involves real-time simulation and interactions through
multiple sensorial channels ”.

VR applications which are used for educating and training professionals are usually
presented either as games with a serious purpose (i.e. serious games) or as simulations (Imlig-
Iten & Petko, 2018; Menin et al., 2018). Serious game is a type of screen-based video game
with primary purpose of educating about a specific field and supply substantial learning
outcome to its users, rather than those which are designed for leisure and/or recreation (Feng et
al., 2018). Meanwhile, simulation is a type of a virtual scene application which allows users to
change various variables and experience the recreated representation/replica of the system for
the purpose of knowledge acquisition and skills development (Imlig-lten & Petko, 2018).

Examples of VR-based simulation and serious game are shown in Figure 2.1.



(a) (b)

Figure 2.1. Example of VR-based (a) simulation and (b) serious game.

As Imlig-lten and Petko (2018) mentioned, some similar features between serious
games and simulations include 3D models of real-life situations and educational frameworks
content, interactive and contextual experience exercises that allow users to apply real world
knowledge, skills, and strategies. However, there are still fundamental differences between

these two technologies as shown in Table 2.1 (Imlig-lten & Petko, 2018).

Table 2.1. Comparison of Simulations and Serious Games (Imlig-lten & Petko, 2018).

Simulations Serious Games
Composed of simple rules and/or controls Supplemented by simple and complex
rules and/or controls
Do not contain any additional features (e.g. game- Contain many additional features that
element) generate creative stimulation.
Without competitive factors With competitive factors (e.g.
obtaining better scores).

The concept of VR is not a recent technology. In fact, it was first materialized in 1962,
when cinematographer Morton Heilig patented his first VR device invention called Sensorama
Simulator (Burdea, 2003). In this motorcycle simulation, aside from motion, colour, and sound
during the ride, the rider could sense the odour of the city, the wind effect, and a seat vibrating
when experiencing rough road condition (Burdea, 2003). In 1960, Heilig also patented the first
head-mounted display (HMD) without motion-tracking, which provided stereoscopic 3D
images with wide vision and stereo sounds which replace the usual cinematographic experience
(Burdea, 2003; Heilig, 1962).

In the same period, Ivan Sutherland developed and presented his vision of the concept
of creating a highly realistic simulation for its users through HMD that is not limited to sound,
smell, and haptic feedback, but that also includes object interaction, known as Ultimate Display
(Cipresso et al., 2018; Sutherland, 1965). He also continued Heilig’s initial work on HMD by

using two cathode ray tubes (CRTs) mounted along the ears of the user and he realized that he
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could use digital scenes instead of analogue photos (Burdea, 2003). This led to his creation of
The Sword of Damocles which used HMD connected to computer where the head position and
orientation of the user was tracked in order to update the virtual image (Cipresso et al., 2018).
Figure 2.2 shows the chronology of virtual reality development (Garcia Fracaro et al., 2021,
Molnér, 2017).
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Gear VR 1&2, HTC Vive
released Pro, Steam
Sword of NASA VR YouTube & Valve, Varjo
Damocles Simulator Nintend Facebook VR, and
+ First VR &AR for mtendo Oculus  support Primax VR
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Sensorama Flight Virtuali First A s
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Figure 2.2. Milestones in the history of virtual reality (Garcia Fracaro et al., 2021; Molnar,
2017).

VR technology provides users with a safe 3D training/educational-related space where
they can construct their knowledge that reflects real-life situations and events (Fallman et al.,
1999). For instance, it is difficult to completely mimic and/or realistically simulate highly
dangerous situations such as a rescue operation or a fire incident. However, it is possible to
create a representation of real-life scenario using VR technology, which allows firefighters,
rescue operators, and the public to be exposed and to be trained in dealing with chaotic
catastrophe (Ahmad et al., 2019; Czarnek et al., 2019; Shi et al., 2019). VR technology also
provides an environment where its users may gather relevant information and different
perspectives through their active engagement from the different virtual scenes (Féllman et al.,
1999).

VR technology may also record, monitor, and process the behavioural responses of its
users through their body motions and non-verbal expressions while they are immersed in the
platform (Alcafiiz et al., 2018; Shi et al., 2019). Moreover, several psycho-physiological signals
(e.g. heart rate, eye movement, etc.) can be collected to provide valuable information about
cognitive and emotion states (Alcafiiz et al., 2018; Czarnek et al., 2019; Soret et al., 2019).

Nonetheless, VR technology, as applied in training, has some notable drawbacks. Since
the trainees are immersed in the virtual reality platform, they have reduced awareness in their

actual and physical environment. Such reduced environmental awareness may lead to concerns
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about their safety, security and well-being during training. For instance, some studies suggest
that VR users experience motion sickness risking their well-being (Davis et al., 2014; Somrak
et al., 2019). To mitigate these potential hazards, the conduct of training must be supervised at
all times and the physical space where it is conducted must be wide and unobstructed enough
to be safe for the trainees. These mitigating measures require additional costs and resources
which are additional to the cost of the technology itself.

In addition, simulation of actual scenarios in a chemical plant may be difficult to create
realistically in terms of sensory experience. Chemical plant operators often consider inputs from
sensory experience other than sight and hearing, such as heat, weight of materials and
equipment, flow of liquid, pressure, among others. These considerations may be difficult to
mimic in consumer virtual reality resulting in limited learning in some specific instances. On
the other hand, virtual reality may also provide opportunities for the trainees to experience what
is impossible to see in reality, such as what is actually happening inside a chemical reactor,
dispersion of radioactivity, chemical reactions in atomic level, among others. Table 2.2 lists the

key the advantages and disadvantages of VR (Kavanagh et al., 2017).

Table 2.2. Advantages and disadvantages of VR (Kavanagh et al., 2017).

Advantages Disadvantages
Safe space Input hardware usability
e Simulates risky scenarios e Slightly impairs motion and senses
Deeper Learning Insufficient Realism
e Provides relevant knowledge and e Impedes learning experience if the
wider perspective to the user overall design is unrealistic
Immediate Feedback Costs
e Readily imparts the performance e Requires substantial amount for
evaluation to the user purchase, maintenance, and support
Increased user motivation and enjoyment  Training
e Engages the user better through e Necessitates extensive training for
game-based scenarios primary users such as trainers and
Social skills trainees
e Allows collaboration with other users Lack of Engagement and ineffective
in various situations e Discourages interaction if the virtual
Cognitive and constructive skills scenes were poorly designed

e Users acquires and retains skills
through actual experience
Personalized learning
e Users can digest thing at their own
speed

Kavanagh et al. (2017) suggested possible actions to address the limitations of VR

technology. For instance, they suggested that the improvement of the ease-of-use of the VR
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devices may help the users in adjusting more quickly to the training environment. If properly
implemented, the user may be able to focus more on the training to maximise learning.
Moreover, to enhance realism of the virtual environment, researchers suggested improving
latency and graphics. However, this will require more advanced technology and additional cost
to implement. Thus, costs and better realism must be deliberately balanced in order to improve

the overall usability of VR systems (Kavanagh et al., 2017).

2.3. Methodology

2.3.1. Selection criteria

A detailed review of research studies published within an 11-year time frame (Jan. 2011
to Dec. 2021) was undertaken following the procedure proposed by Kitchenham (2004). The
date criterion was based on the need to provide an updated picture of the recent VR development
in various high-risk health and safety programmes. A literature search was conducted on Scopus

(www.scopus.com) as this is the largest abstract and citation database of peer-reviewed research

literature (Jin et al., 2019). The following keywords were used for the literature search:

"Immersive virtual environment", or “virtual reality” or ‘“virtual environment” or
“VR”, and “assessment” or “performance assessment” or “evaluation” and “health and
safety training” or “safety training” or “industrial safety” or “plant operators” or “high risk

industry”

The literature search and publication selection processes are shown in Figure 2.3. As
shown, the literature search yielded 1516 records. These records were then screened based on
the language, year of publication, document type, and whether the reported application was for
health and safety training in high-risk industries. After examining the title and abstract of each
publication, 178 articles were identified as eligible. These selected publications were then
subjected to further full-text screening. Fifty-nine (59) articles were selected for a detailed
analysis following the screening criteria such as whether or not the considered article applied a

specific assessment method and not merely describing the framework of the projects.
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Figure 2.3. Literature search and publication selection process.

2.3.2. Data analysis

In line with the prompts introduced by the research questions, the following information

serving as the column headings was extracted from each article (shown in Table 2.3). Research

topic pertains to risk assessment (RA) and machinery and/or equipment process/procedural

operation (MPQ). Level of training evaluation pertains to reaction level (Level 1), learning level

(Level 2), behavioural level (Level 3), and results level (Level 4).

Table 2.3. Summary table of each article reviewed.

L . Level of
Authors, Ar_ea o_f Resea_rch Participants T_ralnlng Data Source Assessmen Implementation training
Year application topic environment t category phase evaluation
(Lin et al., Construction- 5 university Non-immersive . . -
2011) related RA students VR Questionnaire External After training Level 1
. Practical test External During training
(Blickensder . .
feretal, AVI|a“0[;1 B%th RA 32 pilots _Semi Knowledge External After training Level 2
2012) relate and MPO immersive VR tgst i —
Questionnaire External After training Level 1
(Guoetal., Construction- . Non-immersive Interview + -
2012) related MPO 15 trainees VR Questionnaire External After training Level 1
(H. Lietal Construction- Non-immersive Mult_iple - Level 2
'2 ” MPO 30 operators choice External After training
012) related VR " —_—
Interview Level 1
(A.M.D. . 15 students r ; Questionnaire, ini
Jensen et al., dgtlar\]ll-(;zlleﬁg d ;céiﬂl]vlF;g and staff Non |r\n/r£er5|ve interview External After training Level 1
2012) members Think aloud External During training
66 universit Knowledge After training and
(Sacks et al., Construction- Both RA students anri/ Semi- test g External 1 month after Level 2
2013) related and MPO rofessionals immersive VR training
P Questionnaire After training Level 1
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10 novice

(Beyer- - surgeons and " .
Berjot et al., deCnItI:II-?eiII;t; d ;?TMF:% 10 Non n\n/glerswe Log data Internal During training Level 2
2014) experienced
surgeons
. 61 university .
(zfrlg]o?lgt Conrsetlrali(ezgon— RA students and immzfsr?\;é VR anrvglsetdge External After training Level 2
B professionals
During training
;rgfrgsus‘i)c?r?;l Log data Internal (%(;T;pf'rlg::lo?:f Level 3
(Albert et Construction- RA engineers (5- Non-immersive work period)
al., 2014) related VR —
12 each Knowledge Before training
group) 9 External and after 16" Level 2
test .
work period
. L Non-immersive Log data Internal During training Level 2
(Tlgglest)al., Ar\gg T:J MPO 40 students VR and Semi- Questionnaire External Before and After Level 1
immersive VR training
Chemical
Nazir et al., Process / 24 universit Semi- . -
( 2015) Laboratory RA students 4 immersive VR Log data Internal During training Level 2
related
(L;eoeltsa;l., Conrsetlrali(e:gon— ;(:jﬂl]\llr\;’g pa rtiiispants NOH-II\T]/QEFSIVE Questionnaire External After training Level 1
Electric Power Practical 9 days after
(Ayala and 24 Non-immersive Exam training Level 3
Garcia et al. . MPO ; External
2016) ' electronics- apprentices VR Knowledge 3 days after Level 2
related Test training
(Ojados Agricultural 127 Full Log data Internal During training Level 2
Gonzalez et g lated MPO s . Y VR . . .
al., 2017) relate participants immersive Questionnaire External After training Level 1
(Gallegos- Manufacturing 15 universit Non-immersive
Nieto et al., and assembly MPO students Y VR Log data Internal During training Level 2
2017) related
Chemical
gg‘l’vagéil;; LF;LO(;ZStZr/y RA zgsliﬂé\;iré'ty Non-m\;rFr;erswe Log data Internal During training Level 2
related
(Dorozhkin Clinical or 49 Fully . . -
etal., 2017) dental-related RA professionals immersive VR Questionnaire External After training Level1
Manufacturing R
(Dazdglgt)al., and assembly MPO Zzsliﬂé\éirt:'ty imm(le:ruslilvye VR anrvzlstidge External After training Level 2
related
. . . . Knowledge
(lerz)ig)a L Conrsetlgiggon- RA 43 workers Non-lggerswe Test External After training Level 2
Questionnaire Level 1
Electric Power
(Ogbuanya and .142 . Non-immersive Knowledge Before and After
& Onele, electronics- MPO university VR Test External trainin Level 2
2018) students 9
related
(;f:i In;)r\l/g; Mriﬁ:gf' MPO 17 students immi?sr?\;: VR Log data Internal During training Level 2
Practical 10 days after Level 3
Chemical 105 Fully Exam training
(Makransky Process / Both RA university immersive VR Multiple External After trainin Level 2
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Padovano, Laborato RA 28 operators VR Log data Internal During training Level 2
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related
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RA External
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e . . After training Level 1
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(10 educator,
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construction
professionals

, 40 students)
(Choietal., Construction- 20 university Fully . -
2020) related MPO students immersive VR Log data Internal During training Level 2
Questionnaire 1 mor}tr] after Level 3
training
(Nykanen et Construction- Both RA Fully Knowledge Before and after
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(Serpaetal., I\;I:ngszztrﬁgrg PO 13 operators Non-immersive Log data Internal During training Level 2
2020) related Y P VR Questionnaire External After training Level 1
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(Numfu et 27 university Fully } . .
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(Peczirc;)zgt) al, Conrsetlgiggon RA safety Non n\n/rFl;erswe leéiz;gﬁwai)rre External After training Level 1
experts, and
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Log data Internal During training
(Osti et al., Construction- MPO 20 university Fully Knowledge Before and after Level 2
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. . Fully
(Hernandez- Manufacturing R . -
Chavez et and assembly MPO 20 university immersive VR Questionnaire External After training Level 1
students and Non-
al., 2021) related . .
immersive VR
. Lo . . . Before, after, and
(Kazar & Construction- RA 42 university  Non-immersive Multl_ple External 2 weeks after Level 2
Comu, 2021) related students VR Choice training
Fully Log data Internal During training Level 2
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Chemical 290
(Stransky et Process / RA university Non-immersive Knowledge External Before _a(ld after Level 2
al., 2021) Laboratory VR test training
students
related
(Bernard et Aviation- Non-immersive I -
RA 112 students VR and Semi- Questionnaire External After training Level 1
al., 2021) related . .
immersive VR
Fully
(S. Lietal., Clinical or 36 immersive VR Questionnaire .
2021) dental-related MPO participants and Non- + interview External After training Level 1
immersive VR
78 Knowledge Before and After
(Rahouti et Clinical or RA participants Non-immersive test Extemal training Level 2
al., 2021) dental-related staff f_rom VR Questionnaire External Before _an_d After Level 1
hospital training
(Joshi etal., Construction- RA 32 university Fully Knotwlfdge External Befc;re_ar_ld after Level 2
2021) related students immersive VR et raining.
Questionnaire External After training Level 1




108 high

(Songetal., Construction- Fully Before and after

2021) related MPO school immersive VR Questionnaire External training Level 1
students

(Y. Han et Construction- RA 40 Fully Log data Internal During training Level 2

al., 2021) related participants immersive VR Questionnaire External After training Level 1
Chemical Knowledge -

(Poyade et Process / Both RA 28 Fully test External After training Level 2

al., 2021) Lark;?;iégry and MPO participants immersive VR Questionnaire External After training Level 1

gjgn& Construction- RA 10 Fully Log data Internal During training Level 2

2023’ related participants immersive VR Questionnaire External After training Level 1

(Kwegyir- Chemical

Process / 54 university Fully . . -

Affzu(; 2e]f)al., Laboratory RA students immersive VR Questionnaire External After training Level 1

related

(Grandi et l\:r?ggiztnigrg VPO 5 Fully Log data Internal During training Level 2

al., 2021) related Y participants immersive VR Questionnaire External After training Level 1

(Behetal., Construction- MPO 15 Fully Log data Internal During training Level 2

2021) related participants immersive VR Questionnaire External After training Level 1

2.4. Findings and discussion

2.4.1. What topics have researchers investigated for VR-based health and safety

training in various high-risk industries?

Of the 59 papers analysed, VR-based technologies have been used for H&S training in
the following industrial sectors comprising high-risk activities: construction (n=25), clinical or
dental (n=9), manufacturing and assembly (n=9), chemical process/laboratory (n=7), aviation
(n=3), mining (n=2), electric power and electronics (n=2), maritime (n=1), and agricultural
(n=1). This range of industries is due to the potential of VR technologies to create digital
analogues for real-life scenarios that can be used for training, including both normal and
abnormal operating conditions, in which stress drivers can still be incorporated while ensuring
a safe training setting (Bissonnette et al., 2019; Dholakiya et al., 2019). Specifically, the use of
VR-based technologies in the field of construction was evident when compared to other
industries (Figure 2.4). One of the possible reasons why majority of the researchers used VR-
based technologies in construction industries is its high accident and fatality rates (Pedro et al.,
2020). Thus, there is a need of a more engaging and interesting training environment which
effectively trains them to exercise better safety practices. Another possible reason may be the
ease of simulation and development of VR in construction related activities compared to other

high-risk industries.
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Figure 2.4. Distribution of the reviewed articles based on application domains.

In terms of the specific H&S topics taught in VR-based training, 22 out of 59 articles
(Figure 2.4) reported in this literature review used VR technologies to upskill trainees on how
to assess risk(s) in various high-risk industries. Risk assessment is the process of assessing the
nature and likelihood of undesirable effects that may occur following exposure to hazards (e.g.
biological, chemical, or physical) in a systematic way (Brecher, 1997). Most manuals and
instructions on different safety training (e.g. construction, chemical, mining) list hazard
identification, risk analysis and evaluation, risk control, and risk assessment documentation and
review as the important steps (Health and Safety Executive, 2014). The first step is the
identification of hazard(s) which requires learners to investigate and determine how and when
a hazardous situation can lead to a certain accident(s). Risk analysis and evaluation is the second
step which requires learners to understand the nature of the identified hazard(s) and determine
the impact of corresponding risk(s). The third step is the risk control which requires learners to
implement appropriate action(s) to identified risk(s) and the last step is the risk assessment
documentation and review which requires learners to keep a formal record of the risk
assessment.

Despite the consistent adaption of the abovementioned steps, the safety performance of
the trainee group will remain low if the training programme is unengaging and passive. As the
literature indicates, numerous hazards remain unrecognised and poorly managed in several
high-risk industries such as construction-related workplaces, due to adoption of sub-standard
practices and delivery methods in training programmes (Jeelani et al., 2020).
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To bridge these gaps, several researchers adapted and used VR-based training methods
for risk assessment training such as the abovementioned list of risk assessment steps in various
high-risk industries such as in construction, chemical process/laboratory, clinical or dental,
aviation, manufacturing and assembly (Diego-Mas et al., 2020), and mining (Isleyen &
Duzgun, 2019), as these technologies can recreate a realistic but safe 3D environment of some
hazardous workplace scenarios where the trainees can improve their risk assessment skills
through the learning-by-doing approach (Table 2.4. and Figure 2.5). For instance, the study of
Han et al. (2021) used a VR wearable device (HTC Vive) to locate, analyse, and mitigate
hazards such as structural collapse, injuries by heavy equipment and injuries by manual
handling or lifting at construction sites. Moreover, Kwegyir-Afful and his colleagues (2021)
also used VR wearable device (HTC Vive) to recognise, evaluate, and control the fire hazard at

a gas power plant.

Table 2.4. Distribution list of the authors based on the health and safety topic (risk assessment

steps).

Application Domains Authors

Ahn et al., 2020; Albert et al., 2014; Y. Han et al., 2021; Joshi et
al., 2021; Kazar & Comu, 2021; Lin et al., 2011, 2018; Pedro et
al., 2020; Perlman et al., 2014; Pham et al., 2019; Xu & Zheng,

2021
Chemical Kwegyir-Afful et al., 2021; Nazir et al., 2015; Nicoletti &

process/laboratory Padovano, 2019; Stransky et al., 2021; Tawadrous et al., 2017
Clinical or dental Dorozhkin et al., 2017; Polivka et al., 2019; Rahouti et al., 2021

Construction

Aviation Bernard et al., 2021
Manufacturing and Diego-Mas et al., 2020
assembly
Mining Isleyen & Duzgun, 2019
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Figure 2.5. Distribution of the reviewed articles based on the health and safety topic (risk

assessment steps).

Another 22 out of 59 papers (Figure 2.4) reported in this literature review used the VR-
based technologies to train learners on how to control and manipulate machinery and/or
equipment process/procedural operation. It is important to apply appropriate processes in
different equipment and machinery in an inherently dangerous environment. The development
of this practical skill requires an on-site experiences in a sustained period of time. Thus, it is
important for the new employees to have on-site hands-on practice with the equipment and/or
machines involved so they can fully appreciate and lessen the corresponding risks involved
(Serpa et al., 2020). However, it is often impractical to carry out training on actual machinery
and/or equipment process /procedural operation safety training on the workplace when this
interrupts on-site operations. As an alternative, employees are usually provided with a set of
guidelines in the form of two-dimensional (2D) pictures and text which covers topics from
terminology up to the operation and maintenance of equipment and/or machines.

Unfortunately, safety training delivering information through the abovementioned
procedure usually offers a low level of engagement, presence, as well as realism since it is
difficult for the new employees to fully visualize and understand the information provided from

2D pictures and text (Numfu et al., 2020). To bridge these gaps, several researchers developed
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VR-based machinery and/or equipment process/procedural operation safety training in
construction, manufacturing and assembly, electric power and electronics, aviation, and
agriculture as shown in Table 2.5 and Figure 2.6. For instance, Dado et al. (2018), used VR
wearable device (HTC Vive) to allow trainees to use and become familiar with operation of an
industrial lathe. Moreover, Song et al. (2021), used HTC Vive to train users in the operation of
different cranes (e.g. overhead crane, tower crane, and container crane) by providing a virtual
experience on how to operate these different type of cranes. As confirmed by the studies of the
abovementioned researchers, adapting the VR-based technologies allows trainees to safely
study and practice the operating procedures of the given machine/equipment that closely

resemble the real environment they will encounter on-site.

Table 2.5. Distribution list of the authors based on the health and safety topic (machinery and/or

equipment process/procedural operation).

Application Domains Authors
Beh et al., 2021; Choi et al., 2020; Guo et al., 2012; H. Li et al.,
Construction 2012; Osti et al., 2021; Shi et al., 2020; Song et al., 2021,

Vahdatikhaki et al., 2019; Wang et al., 2020
Dado et al., 2018; Gallegos-Nieto et al., 2017; Grandi et al., 2021;
Hernandez-Chavez et al., 2021; Numfu et al., 2020; Serpa et al.,

Manufacturing and
assembly

2020
Electric power and ]
pow Ayala Garcia et al., 2016; Ogbuanya & Onele, 2018
electronics
Aviation Tian et al., 2015
Agriculture Ojados Gonzalez et al., 2017
Aviation related [

z Clinical or dental related || N N NN
]
5
(=] Manufacturing and assembly related [ N ER
E
g Agricultural related [
=
z

' Electric power and electronics related || NEEN

Construction and/or maintenance related || N AN D
0 2 4 6 8 10

Number of Articles

Figure 2.6. Distribution of the reviewed articles based on the health and safety topic (machinery

and/or equipment process/procedural operation).
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Lastly, some authors (Figure 2.4) used VR technologies to train users on both risk
assessment and machinery and/or equipment process/procedural operation in construction,
clinical or dental, chemical process/laboratory, manufacturing and assembly, aviation,
maritime, and mining as shown in Table 2.6 and Figure 2.7. For instance, Dhalmahapatra et al.
(2021) used Oculus Rift to help the learners to grasp the sequence of overhead crane operations
as well as the process of managing the possible hazards while working.

Table 2.6. Distribution list of the authors based on the health and safety topic (both topics).

Application Domains Authors
Adami et al., 2021; Dhalmahapatra et al., 2021; Le et al., 2015;
Nykénen et al., 2020; Sacks et al., 2013
Beyer-Berjot et al., 2014; A. M. D. Jensen et al., 2012; Vaquero-
alvarez et al., 2020

Makransky et al., 2019; Poyade et al., 2021

Construction

Clinical or dental

Chemical
process/laboratory
Manufacturing and

Leder et al., 2019; Mondrag6n-Bernal, 2020

assembly

Aviation Blickensderfer et al., 2012

Maritime Hjelmervik et al., 2018
Mining Liang et al., 2019

Maritime related

Aviation related

Clmical or dental related

Mining related

Application Domains

Chemical process and/or laboratory related

Manufacturing and assembly related | NN NN

Construction and/or maintenance related

Number of Articles

Figure 2.7. Distribution of the reviewed articles based on the health and safety topic (both

topics).
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2.4.2. What types of VR were used to deliver health and safety training in various high-

risk industries?

Depending on the level of immersion, type of interactive and display device used, VR
can be classified as either non-immersive (i.e. desktop), semi-immersive, or fully immersive
VR (van Wyk & de Villiers, 2019). Non-immersive or desktop VR uses a conventional PC
monitor, speakers and mouse to display virtual reality environment (VRE), sound, and
interaction, respectively (van Wyk & de Villiers, 2019). On the other hand, semi-immersive or
projected VR uses a system consisting of multiple projectors and projection screens, speakers,
and controllers to display VRE, sound, and interaction, respectively while a fully immersive
VR uses a head-mounted display (HMD) with earphones and motion tracking device to display
VRE, sound, and interaction, respectively (van Wyk & de Villiers, 2019). Examples of non-

immersive VR, semi-immersive VR, and fully immersive VR are shown in Figure 2.8.

(b)

Figure 2.8. Example of (a) non-immersive VR, (b) semi-immersive VR, and (c) fully immersive
VR.

In order to explore the use of different VR-based technologies used for H&S training in

various high-risk industries, Figure 2.9 shows the distribution of VR technology types that were

reported in the reviewed publications from 2011 to 2021.
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Figure 2.9. Distribution of VR technology types that were reported in the reviewed publications.

(Note that a paper could potentially belong to multiple VR technology types.)

As shown in Figure 2.9, there are a few studies that used non-immersive VR
technologies for H&S training in high-risk industries over the past 11 years. For instance, Lin
et al. (2011), Ayala Garcia et al. (2016), Nicoletti & Padovano, (2019), and Serpa et al. (2020)
used non-immersive VR technologies, such as desktop computers, as a tool for H&S training
in construction, electric power, chemical process, and manufacturing-related industries,
respectively. Although Freina & Canessa (2015) noted, the non-immersive VR technologies
lacks the feeling of presence (i.e. the subjective feeling of "being"” in the task environment)
compared to immersive VR and this leads to lower engagement and transfer of learning, their
lower cost and a limited accessibility of the immersive type VR-based technologies means they
are still used to some extent.

Compared to non-immersive VR, semi-immersive VR gives a greater sense of presence
(An & Park, 2018). However, only nine authors (Blickensderfer et al. (2012), Sacks et al.
(2013), Perlman et al. (2014), Nazir et al. (2015), Tian et al. (2015), Hjelmervik et al. (2018),
Leder et al. (2019), Mondragon-Bernal (2020), and Bernard et al. (2021)) used semi-immersive
type of VR technology such as the cave automatic virtual environment (CAVE) for H&S
training in high-risk industries over the past 11 years (Figure 2.9). The low preference for semi-
immersive VR compared to the other two types is due to the financial and management

considerations. For instance, the construction and the installation of a new CAVE facility,
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consisting of a multiple high-resolution projectors and projection screens, is frequently
complex, costly, and laborious in maintenance work if done by a single entity. (Havig et al.,
2011). Even if various entities collaborated in order to share the use of its facilities, only a
limited number of institutions would still have access to the same. However, it should be
pointed out that some researchers still prefer to use CAVE for H&S training in various high-
risk industries as this technology has the ability to allow multiple participants to interact and
share ideas/experiences with each other at the same time (Muhanna, 2015).

On the other hand, the number of publications on the use of fully immersive VR for
health and safety training in various high-risk industries increased significantly from 2019
(Figure 2.9), and nowadays comprises the vast majority of the studies published. One of the
reasons for this paradigm shift is the continuous improvement of these fully immersive VR over
time. From the release of the first commercial VR head-mounted display (Oculus Rift) in 2013,
the hardware and in display resolution have improved significantly over the last few years (L.
Jensen & Konradsen, 2018). For instance, the typical field of view (FOV) of older HMDs was
between 25 to 60 degrees, but new types of HMDs have FOVs above 100 degrees (Riva et al.,
2016). Another reason is the potential of the fully immersive technologies to provide a high
degree of presence and immersion. Fully immersive VR allows users to be completely isolated
from the real world, thus letting the user focus entirely on the VR environment to spend more
time on the learning tasks, and gain better skills (L. Jensen & Konradsen, 2018).

The content of the training itself is highly important in evaluating its overall quality.
However, a meritorious content is not sufficient for the effectiveness or training. Thus, in
addition to the content, the quality of the training may also be significantly affected by the
degree of user immersion. A high level of user immersion ensures better retention through
simulation of real-life scenario (Ragan et al., 2010). This is especially relevant in chemical
plants wherein some types of technical know-how are better taught through practical application
(Patle et al., 2019).

Aside from the ability of these technologies to offer a better user experience, the
significant reduction in the cost of the new generation of HMDs made these the best choice for
several companies as well as research institutions. Given these benefits, it is expected that there
will be a progressive increase in the number of publications on this type of VR for H&S training

in various high-risk industries in the next few years.
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2.4.3. What are the outcome(s) measured for establishing the effectiveness of the VR-

based health and safety training in various high-risk industries?

The adoption of VR-based technologies for H&S training in high-risk industries has
increased in the past 11 years. However, since the success of a given training method depends
on the degree to which the training prepares trainees for real-world situations (a.k.a. transfer of
training), it is important to understand how to analyse and evaluate the outcome(s) of a VR-
based health and safety training in high-risk industries. Prior to objectively investigating the
impact of the training, it is vital to categorise the outcome(s) of the training programme.

Most of the existing training evaluation models such as the Hamblin’s model (1974),
the organisational elements model (1995), the Indiana University model (1996), among others,
follow the Kirkpatrick four-step model which was first developed in 1959 and was
progressively updated over the last 40 years (Alsalamah & Callinan, 2021; Hirsh & Carter,
2002; Rafig, 2015). According to Bates (2004), the popularity of Kirkpatrick model may be
explained by several factors. Primarily, the model established a systematic way to understand
training evaluation by providing terms with clear definitions to which training outcomes and
other information may be identified. More importantly, Kirkpatrick’s model developed a four-
level categorization of training outcomes that conveys highly descriptive, yet straightforward
information about each respective level. The appeal of Kirkpatrick’s model also lies in its
simplification of the complex process of training evaluation. In effect, the model streamlines
an otherwise complex network of variables in the training process to come up with the training
outcome evaluation (Bates, 2004).

The prevailing criticism on Kirkpatrick’s model is its tendency to largely focus on the
outcomes of the training, thus, neglecting other aspects of the learning procedure (Bushnell,
1990). However, Giarangco et al. (2010) contends that the abovementioned statement is
inaccurate, as variables used in Kirkpatrick’s model rely on specific and predefined learning
objectives and training design. Indeed, contrary to the criticism of the model, application of
Kirkpatrick model not only focuses on the overall training outcome, but also considers the
effectiveness of training design, whether the objectives of each phase of the training have been
achieved and the observable changes in perspective of the trainees, among others.

According to Kirkpatrick (2006), evaluating the outcome(s) of training can be classified
into four levels (Figure 2.10). The first level is the reaction level where reactions of the trainees
(e.g. trainees thoughts) are identified and the satisfaction of the trainees is measured. The
second level, which can be described as the measurement of the increase in knowledge or

intellectual capability as a consequence of the training is known as the learning level. The third
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level is the behaviour level. This requires measuring the change behaviour that transfers to
actual performance in the job as a result of the training. The final level involves the assessment
of the impact of training in terms of organizational outcomes (Kirkpatrick, 2006). Although the
framework is usually applied in a step-by-step manner to map the process of evaluating the
success of a given training, some training does not require the implementation of this step-by-
step process. For instance, training such as information security training requires the trainees
not only retain the information but also apply this information at work. Thus, an assessment
designer should focus on levels 2 and 3. However, if the institution developed a new
information security training method (e.g. VR-based training), then the assessment designer
should apply the Kirkpatrick evaluation model in a step-by-step manner as they need to assess
the overall impact of the newly developed training method and make a practical judgement

whether to adopt or replace the existing training method.

Level 4 — Result

Level 3 — Behaviour

Level 2 — Learning

Level 1 — Reaction

Figure 2.10. The Kirkpatrick’s training evaluation model.

With regards to the implementation of VR-based technologies, it is important for the
stakeholders need to consider the evidence from Kirkpatrick four level of training evaluation to
decide whether or not to invest in VR-based training. Figure 2.11 shows the distribution of the
outcome(s) measured for VR-based health and safety training based on Kirkpatrick’s training

evaluation model over a span of 2011 to 2021.
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Figure 2.11. Distribution of the outcome(s) measured based on Kirkpatrick’s training evaluation
model.

(Note that a paper could potentially belong to multiple Kirkpatrick’s evaluation level.)

As shown in Figure 2.11, a number of authors such as Lin et al. (2011), Isleyen and
Duzgun (2019), and Numfu et al. (2020), evaluated the reaction level (Level 1) outcome for
different type of VR-based H&S training. For instance, the t-test results of the study with 32
participants conducted by Joshi et al. (2021), suggest that the motivation levels achieved in
fully immersive VR for precast/pre-stressed concrete industry safety training was higher than
the group which was only provided by an instructional video as the former is more effective in
making students learn from their mistakes in the VR environment. Although VR-based training
has gained a significant level of attention in several high-risk industries such as in medical, in
aviation, and even in engineering, most of the authors still conducted the reaction level training
evaluation, either stand-alone or in conjunction with other training evaluation methods, for the
past 11 years. The main reason why researchers still conduct evaluation on reaction level
outcomes is because they want to verify the potential of these new technologies (regardless of
the type) for a specific topic of H&S training in high-risk industries.

However, having a positive outcome at the reaction level does not guarantee that there
is a knowledge/skills acquisition when VR-based technologies were adopted. This is because
the data gathered from reaction level (level 1) only reflects the overall reaction/experience (e.g.

satisfaction, enjoyment, etc.) of the given training. As a result, authors such as Nazir et al.
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(2015), Tawadrous et al. (2017), and Choi et al. (2020) evaluated the learning level (Level 2)
outcome for different type of VR-based H&S training (Figure 2.11). For instance, the t-test
results of the study with 189 workers conducted by Ahn et al. (2020), suggest that regardless
of the length of work experience, site workers trained through non-immersive VR construction
safety training showed higher level of understanding than the group of workers who were
training through traditional lecture setting (t = 2.848, p < 0.05 for more than nine years of
working experience, t = 2.237, p < 0.05 for within three to eight years of working experience,
and t = 2.090, p < 0.05 for less than 2 years of working experience).

Fewer authors used the third level of Kirkpatrick's model to evaluate the long-term
effect of the given VR-based training on the behaviour of the trainees (Figure 2.11). For
instance, the results of the generalised linear mixed modelling method performed by Nykénen
et al. (2020) confirmed that there was a greater increase in the self-reported safety performance
of the 119 participants (e.g. identifying factors affecting safety) one month after their VR-based
construction safety training compared to lecture-based safety training (confidence interval =
95%, estimate = 0.46, p < 0.05). Moreover, there was no reported study measuring the fourth
level of Kirkpatrick's model which evaluates the organisational results and the cost and return
on investment of the training for the past 11 years. The low number of articles on the third and
fourth level of Kirkpatrick's model is due to the fact that the process of measuring the extent of
learning transferred to job behaviour (Level 3) or the overall success of the training (Level 4)
requires researchers to perform longitudinal studies (i.e. conducting and reviewing pre-defined
performance metrics in a pre-set time interval through observation). As most of the projects
have limited funding duration, it is difficult to obtain additional funding if there is some delay
due to unforeseen circumstances and this leads to fewer studies dealing with the behaviour and

results level outcomes (Caruana et al., 2015).

2.4.4. What assessment techniques were used to evaluate the outcome(s) of VR-based

health and safety training in various high-risk industries?

Since it is important for every training to measure specific performance criteria that are
essential to the development of skilled personnel, understanding appropriate assessment
methods plays a vital role. Broadly speaking, assessment is a systematic process of recording
and presenting information (e.g. knowledge, skills, etc.) about learner accomplishment and

instructional processes (Brookhart, 1999). Figure 2.12 illustrates the assessment process.
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Figure 2.12. Assessment process.

Generally, assessment can be categorised into two groups: summative (assessment of
learning) and formative (assessment for learning) (Loh, 2012). Summative assessment analyses
the understanding and mastery of the topic after an activity is completed while formative
assessment makes use of regular interactive measurements that identify points of improvement
for better learning outcomes (Loh, 2013; Sadler, 1989). The information for both summative
and formative assessment can be collected through several ways such as conducting paper-and-
pencil tests (e.g. multiple choice, matching, etc.), self/peer/supervisor-report (e.g. feedback,
observation, etc.).

According to Loh (2011), many researchers claimed that formative assessment can have
a positive effect on the learning processes as it provides continuous and timely assessment
information which can point out, shape, and improve the specific area of difficulties trainees
are having (Loh, 2011). Unfortunately, the implementation of formative assessment is not an
easy task for most of the trainers and lecturers, especially teaching in large lecture classes, as
they cannot afford extra time and effort to provide valuable feedback to address the gap between
their present and their projected performance (Bennett, 2011). However, as the use of an online
learning has evolved considerably for the past few years, the concept of a digital-based
simulation or a game assessment (i.e. process of automated collection, organisation,
documentation, and presentation of scores and the corresponding feedback on individual learner
performance managed through the medium of digital devices such as computers, VR-HMDs,
and etc.) becomes broadly recognised as a solution to the abovementioned implementation
problem (Bulut et al., 2019).

According to Eseryel et al. (2011), a digital-based simulation or a game-based
assessment may be categorised as either external or internal assessment. Some examples of
external assessment include interviews, multiple-choice questionnaires (MCQ), knowledge
tests, and practical tests which are similar to the traditional assessment methods. On the other
hand, data provided through the simulation and game files that log the actions of the player and

game variables are examples of internal assessment. Both assessment methods can be used as
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summative or formative depending on the timing of implementation (e.g. before, during, and/or
after playing the game/simulation). The main difference between these two types of assessment
is that the external assessment is not normally part of the game/simulation course, and it will
interrupt the game/simulation. On the other hand, the internal assessment is typically used in
the game/simulation course without unnessesary interference with the game/simulation itself
(Eseryel et al., 2011). Figure 2.13 shows the distribution of the assessment methods used to

measure the different outcomes of training evaluation based on Kirkpatrick’s model.
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Figure 2.13. Distribution of the assessment methods used to measure the outcomes of training
evaluation.

(Note that a paper could potentially belong to multiple Kirkpatrick’s evaluation levels)

Most of the articles considered in this review used external assessment, such as self-
assessment questionnaires (e.g. intrinsic motivation, perceived enjoyment, presence, self-
efficacy, effectiveness and satisfaction questionnaires), or interviews, to evaluate the first level
of Kirkpatrick‘s model (reaction criteria) of the trainees which measures their satisfaction with
the VR-based H&S training (Figure 2.13). For instance, Wang et al. (2020) used a Likert scale
questionnaire to determine the change in terms of the satisfaction of the trainees in undertaking
either the fully immersive VR or traditional lecture-based scaffolding erection operation
training in construction industry. Their results from a paired-sample test with 32 university

students confirmed that compared to lecture-based training, participants who used VR-based
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training showed a stronger impact on satisfaction (5.81 vs. 6.81). Moreover, the VR-based
training approach (mean value = 6.56) was more helpful compared to the lecture-based training
(mean value = 5.75). One of the reasons for the frequent usage of external assessment over
internal assessment for evaluating the first level of Kirkpatrick‘s model is because
questionnaires are relatively easy to administer and implement. Another reason is because the
implementation of internal assessment for measuring satisfaction/usability of VR-based
training requires an additional work from the integration of the appropriate tools (e.g. emotion
sensors) to the analysis of the desired variable(s) from the large amount of data corresponding
to certain emotions (i.e. positive, negative, neutral) (Dzedzickis et al., 2020).

As shown in Figure 2.13, both external and internal assessment methods can be used to
evaluate how much knowledge/skills trainees gained in the VR-based training programme
(Level 2 of Kirkpatrick's model). For instance, Ogbuanya and Onele (2018) used a knowledge
test to assess the fundamental knowledge of electrical/electronic technology operation gained
in non-immersive VR-based training compared to conventional classroom training. Using
analysis of covariance (ANCOVA), their results indicate that virtual reality positively affected
the academic performance of 142 learners as there was a significant differences in the
knowledge test scores of the participants who used the non-immersive VR-based training (mean
= 71.7) and the traditional method (mean = 60.1) (Ogbuanya & Onele, 2018). Although it is
easier to evaluate the effectiveness of the VR training by checking the learning of the players
using conventional assessment methods, assessment of trainees through external assessments,
such as the paper-and-pencil format, is only efficient for measuring some simple outcomes,
such as declarative knowledge, rather than the development of complex skills (e.g. problem-
solving, teamwork and collaboration, etc.) (Garcia Fracaro et al., 2021).

To maximize the potential of VR-based technologies, several authors used internal
assessments such as log data to trace and capture learner-generated data (e.g. correct actions,
tasks completed). For instance, Nazir et al. (2015) used log data to capture the actual
performance of 24 participants on locating correct valves, opening or closing a valve, and/or
identify leakages for safety training in a chemical plant. Their results showed that participants
trained in a VR environment were able to identify more leakages (67%) and manually operated
valves (83%) compared to conventional methods such as power point presentation (42% and
50%, respectively) (Nazir et al., 2015). Through integrating internal assessment, it is possible
to create an automated assessment capable of measuring complex skills, which translate into
better performance in the real world (Shute & Wang, 2016). However, Loh (2012) argued that
creating game/simulation-based analytics requires a lot of work from discovering useful metrics

for measuring human performance, to verifying the corresponding equivalence of digital and
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actual actions, and to identifying strong predictors from thousands of information points
available in each data set. Nevertheless, it is expected that there will be a progressive increase
in the usage of internal assessment for H&S training in various high-risk industries in the next
few years given the rapid advancement in the fields of data mining and machine learning, which
will facilitate the development of the log data analysis.

Figure 2.13 further shows even fewer authors evaluating the third level of Kirkpatrick's
model compared to the previous two levels as the former requires significant amount of time
and money. Moreover, it was evident from the figure that most of the authors prefer using
external assessment methods, such as questionnaires and practical exams, to internal methods
(e.g. log data) for evaluating the amount of learning transferred to job behaviour. For instance,
Makaransky et al. (2019) used practical exams, a situational judgement scenario, to assess 105
university students on the amount of learning transferred to job behaviour in a chemical
laboratory setting after training using a VR-based platform. The results from the Dunnett’s test
showed that the students in the fully immersive VR-based safety training showed better
performance to demonstrate appropriate laboratory skills and behaviour in the practical tests
compared to conventional text-based safety manual training (p = 0.031, d = 0.58) (Makransky
et al., 2019). On the other hand, Albert et al., (2014) used longitudinal collection and analysis
of log data to measure the behavioural criteria of around 15-36 trainees in VR-based
construction safety. Their study confirmed that participants were able to increase their hazard
recognition skills from 46% to 77% in the post-intervention phase and maintained this score
until the end of the 16™ working period. They also stated that it was important to have a support
from funding agencies and partnership with a wide range of industry professionals with varied
skills and experience in order to capture the needed variables from the log data and accurately
measure patterns of change that can be used for the determination of behavioural criteria (Albert
etal., 2014).

2.4.5. Does VR-based health and safety training in various high-risk industries have the
potential to improve the training evaluation outcome(s) compared to traditional

and/or other VR-based training methods?

VR technology creates a representation of real-life scenario which allows trainees to be
exposed and to be trained in dealing with hazardous situations within a safe 3D setting. In this
context, several authors explore the potential impact of such VR-based H&S training to improve
the outcome(s), measured based on Kirkpatrick’s training evaluation model, compared to

traditional (e.g. lecture, PowerPoint presentation, audio-visual presentation, etc.) and/or other
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VR-based training methods (Dhalmahapatra et al., 2021; Makransky et al., 2019; Osti et al.,
2021). At present, there is a lack of research on whether VR as a mode of active learning is
more effective than other modes of active learning (e.g. on-the-job training) when it comes to
H&S training. This is probably due to the difficulty of implementing other modes of active
learning in scenarios involving H&S, such as incidents in the chemical plant involving
explosions, corrosions, emission of toxic substances, and the like. Thus, while VR-based
training generally provides a safer environment, its effectiveness vis-a-vis other modes of active
learning has not been sufficiently tested. One study suggests that training in a virtual reality
environment produces similar results as compared to a real-life environment such as pilot plant
(Garcia Fracaro et al., 2020). However, it must be noted that this study only considers the
procedural aspect of the chemical plant operations and not situations involving accidents or
crises. This question may be researched further to provide insights whether active learning per
se is actually the cause of the potential improvement of the training outcomes and not the VR
application itself.

Figure 2.14 shows the distribution of the studies which compare the outcome(s),
measured based on Kirkpatrick’s training evaluation models, between different types of VR-
based training or between VR-based training vis-a-vis traditional training. There are 59 articles
considered in this study, 50 of which discuss reaction level (Level 1) while 45 and 6 of which

discuss learning level (Level 2) and behaviour level (Level 3), respectively.
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Figure 2.14. Distribution of the studies which compare the outcome(s) between different types
of VR-based training or between VR-based training vis-a-vis traditional training.

(Note that a paper could potentially belong to multiple Kirkpatrick’s evaluation levels.)
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As shown in Figure 2.14, 21 out of 50 papers compared the reaction level between
different types of VR-based training or between VR-based training vis-a-vis traditional training
in various high-risk engineering industries. Among the 21 papers, the results of a statistical test
(e.g. t-test, ANOVA, etc.) of the 17 studies showed that the VR-based training provides a
greater degree of reaction level compared to the traditional setting (Ahn et al., 2020; Beh et al.,
2021; Blickensderfer et al., 2012; Diego-Mas et al., 2020; Guo et al., 2012; Joshi et al., 2021;
Leder et al., 2019; H. Li et al., 2012; Makransky et al., 2019; Nyké&nen et al., 2020; Pham et
al., 2019; Polivka et al., 2019; Poyade et al., 2021; Rahouti et al., 2021; Sacks et al., 2013; Tian
et al., 2015; Xu & Zheng, 2021). For instance, Leder et al. (2019), in a study with 68
apprentices, stated that compared to the traditional training method (PowerPoint presentation),
there was a better degree of immersion and presence in the semi-immersive VR (CAVE)
environment. Moreover, three of the papers compared the reaction level of different types of
VR-based training system. For instance, Hernandez-Chavez et al. (2021), Dhalmahapatra et al.
(2021), and Li, S. et al. (2021) compared the reaction level between fully immersive VR and
non-immersive VR. Their results showed that the fully immersive VR was better with respect
to several reaction level criteria such as the ease of operation, the ease of learning, realism,
immersion, presence, and/or graphics quality compared to desktop VR. On the other hand, Osti
et al. (2021), in a research study with 20 participants, showed that there was no statistical
difference in the usability scores between the fully immersive VR training and traditional video
training. However, it is important to note that the usability score of fully immersive VR was
higher than the score of traditional video training (Osti et al., 2021). As most of the scores for
the reaction level were better in the VR-based setting, this suggests that the use of VR-based
training in various high-risk engineering industries may have a higher potential to provide
enhanced degree of reaction level compared to the traditional setting.

31 out of 45 papers considered in this study compared the learning level between
different types of VR-based training or between VR-based training vis-a-vis traditional training
in various high-risk engineering industries (Figure 2.14). Out of the 45 papers, 20 papers
showed that the VR-based training provides higher learning and/or performance scores with
respect to several H&S topics, such as risk assessment and/or machinery and process operation
compared to the traditional setting (Adami et al., 2021; Ahn et al., 2020; Ayala Garcia et al.,
2016; Blickensderfer et al., 2012; Dado et al., 2018; Diego-Mas et al., 2020; Gallegos-Nieto et
al., 2017; Kazar & Comu, 2021; H. Li et al., 2012; Liang et al., 2019; Nazir et al., 2015;
Nykénen et al., 2020; Ogbuanya & Onele, 2018; Perlman et al., 2014; Pham et al., 2019;
Rahouti et al., 2021; Sacks et al., 2013; Shi et al., 2020; Stransky et al., 2021; Tian et al., 2015).

For instance, Pham et al. (2019), in a study with 40 university students, stated that users who
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used non-immersive VR obtained higher scores (mean = 80.1%) in hazard investigation
compared to users who used the traditional lecture-based platform (mean = 76.3%). Moreover,
Dhalmahapatra et al. (2021), in research with 19 operators, compared the degree of learning
level between fully immersive VR and non-immersive VR and their t-test results showed that
the safety performance of the users trained in the fully immersive VR was better than the
performance of the users trained in the non-immersive VR. On the other hand, researchers such
as Makransky et al. (2019), Leder et al. (2019), Polivka et al. (2019), Sakowitz et al. (2020), 2
case studies of Osti et al. (2021), Joshi et al. (2021), Poyade et al. (2021), and Beh et al. (2021),
showed in their respective studies that there was no statistical difference in the performance
scores between the VR-based training and traditional training methods. Although the results
confirmed that there was no statistical difference, six studies stated that performance achieved
through the VR-based training was higher than using the traditional training method. Majority
of the studies imply favourable use of VR-based training as it can provide higher learning and
performance scores compared to traditional training methods. This indicates that the use of VR-
based training may have a higher potential to provide better learning and/or performance to the
users.

In terms of the behaviour level, five out of six papers compare the level between VR-
based training and traditional training in various high-risk engineering industries (Figure 2.14).
Out of the five papers, researchers such as Ayala Garcia et al. (2016), Makransky et al. (2019),
and Nykénen et al. (2020), confirmed that there was a significant difference in terms of the
ability of the users to demonstrate appropriate skills and behaviour in VR-based training
compared to traditional training methods. On the other hand, authors such as Leder et al. (2019),
and Diego-Mas et al. (2020), confirmed that there was no significant difference in the behaviour
level in their respective studies. However, it is important to note that the behaviour performance
scores of the VR-based training for both studies were higher than the traditional training. This
suggests that the use of VR-based training in various high-risk engineering industries may have
a higher potential to provide improved degree of behaviour level compared to the traditional

setting.

2.5. Implications

Although this chapter focuses on the use of VR-based H&S training in various high-
risk industries, researchers and stakeholders may consider the findings of this study as a basis
for proposing a training design framework that may be adopted to align the VR-based training
with desired training outcome and assessment method. Figure 2.15 shows the proposed training
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design framework.
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Figure 2.15. Proposed training design framework.

As training outcomes tend to focus on what trainees should achieve upon completion of
a certain training programme, practitioners must clearly and accurately define these training
outcome(s). For instance, if the training is newly developed, it might be beneficial for the
stakeholders to initially assess the usability and satisfaction of the new training (Level 1) as
well as the immediate knowledge/skills gain (Level 2). After analysing those outcomes, a
decision can be made on whether to continue and whether to invest/develop the training
programme through evaluating the behavioural change among trainees (Level 3).

After defining and determining the desired outcome(s), it is important to choose the
appropriate digital-based assessment method(s) for evaluating the outcome(s). For instance, in
evaluating the training satisfaction (Level 1), it is better to use external assessment methods
such as questionnaires or interviews as these are proven to be easier to implement. On the other
hand, both level 2 and level 3 outcomes can be evaluated by internal and external assessment
methods. For instance, if the institution wants to create and develop an automated assessment,
it might be beneficial to consider internal assessment methods rather than external assessment
methods. However, practitioners must consider the advantages as well as the disadvantages of
every assessment type as this will affect the required resources (e.g. human, financial, and time)
needed by the institution/organisation.

Upon aligning the desired training outcome(s) and the assessment method(s),
practitioners can then select the suitable training method that will boost the engagement of the
trainees. For instance, if the institution/organisation is aiming to create an affordable, realistic,
but safe replica of specific dangerous training activity, it might be appropriate to consider fully

immersive VR as a training tool.

36



2.6. Conclusions

This study presents a review of the existing articles relating to the use of VR-based H&S
training in various high-risk industries. It also provides some insights on the types of VR, topics
of H&S training, and types of assessment techniques and training evaluation. In addition, this
study explored the potential of VR-based H&S training to improve the training evaluation
outcome(s) compared to traditional and/or other VR-based training methods. 59 articles
reporting specific assessment techniques were considered and analysed. The results indicated
that most of the industries used VR-based technologies to train users in risk assessment,
machinery and/or equipment process/procedural operation, or both topics. Moreover, the use of
fully immersive VR increased rapidly due to the recent improvements in hardware, display
resolution, and price. In terms of the outcomes measured for establishing effectiveness of the
VR-based H&S training, the interest of the trainers is focused on the measurement of the
amount of change in the satisfaction and/or learning achievement of trainees within a short span
of time. For instance, most of the researchers were using external assessments such as
questionnaires, and interviews for training satisfaction studies as these are proven to be easier
to implement. Moreover, external assessment such as knowledge tests and MCQs were also
used to evaluate the amount of declarative knowledge gained by the trainees in the VR-based
training. On the other hand, some researchers used internal assessment methods, such as logs
of data, to create an automated assessment which is capable of measuring complex skills such
as problem solving and teamwork. Lastly, the VR-based H&S training was also found to have
the potential to improve the reaction level, learning level, and behaviour level compared to
traditional training methods.

In conclusion, the findings from this study can contribute to and support the practitioners
and safety managers in practice by providing a training design framework that may be adopted
to align the VR-based training with desired training outcome and assessment method. As
discussed (for examples, refer to Chapter 2.5), the training design framework should identify
the appropriate digital-based assessment and its platform in consideration of the desired
learning outcome, with a view of ensuring that the trainees acquire mastery of their functions
in the shortest possible period. This study can also be used as a basis to suggest that researchers
should consider conducting more research on the evaluation on the effectiveness of VR-based
H&S training focusing on the third and fourth level of Kirkpatrick's model using internal

assessment method such as log files.
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2.7. Note

Part of this chapter has been published in the International Journal of Educational
Technology in Higher Education: Toyoda, R., Russo Abegao, F., and Glassey, J. (2022). VR-
based health and safety training in various high-risk engineering industries: a literature review.
International Journal of Educational Technology in Higher Education, 19(1), 42.
https://doi.org/10.1186/s41239-022-00349-3
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Chapter 3. Drivers of immersive virtual reality adoption intention: a multi-

group analysis in chemical industry settings

Chapter 2 highlighted the rapid advancement and growing market of immersive virtual
reality (IVR) based health and safety (H&S) training in various high-risk industries such as
aviation, construction, and chemical industries. Although research on the feasibility, reliability,
and ease of use of IVR has received considerable attention, little is known about the specific
factors contributing to the decision to adopt IVR in the H&S training setting. Since the success
of implementing IVR in H&S training depends, amongst other factors, on the individuals
willing to use it, this chapter uses the modified Unified Theory of Acceptance & Use of
Technology 2 (UTAUT 2), which reviewed and integrated the best aspects of eight prominent
models to develop its improved framework. This unified model is used to examine the effect of
factors such as performance expectancy (PE), effort expectancy (EE), social influence (SI), and
hedonic motivation (HM) that may motivate individuals to adopt 1VR-based technology into
their training. In addition, this study performs a multi-group analysis based on nationality, prior
IVR experience, and/or length of work experience, to analyse the potential similarities and/or
differences in perception and acceptance towards using IVR-based technology. The quantitative
research data were gathered using an online questionnaire from 438 chemical operators and/or
employees who either speak German, French, or English. Partial least squares structural
equation modelling (PLS-SEM) and multi-group analysis (MGA) based on SmartPLS™
version 3 was used to carry out the path and multi-group analyses. The results show that the
behavioural intention (Bl) towards the adoption of IVR was influenced by performance
expectancy, effort expectancy, and hedonic motivation for all participating subpopulations.
However, the relationship of social influence to behavioural intention was not supported for
respondents with prior IVR experience and for respondents coming from western regions.
Although Henseler’s-based multi-group PLS analysis reveals that there was no significant
difference between the group comparisons, it is still important to take into account these socio-
demographic factors as there are definite group differences in terms of the ranking order of each
construct for the VR adoption intentions among each subpopulation. The implications are also

discussed.

3.1. Introduction

Since several companies around the world are adapting and embracing the concept of
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industry 4.0, technologies such as virtual reality (VR) technology gained a significant level of
attention and created a paradigm shift in several areas of training in the fields of chemical (Feise
& Schaer, 2021), medical (Bissonnette et al., 2019), and aviation industries (Clifford et al.,
2019). As pointed out by many researchers, training materials such as PowerPoint presentations
or pre-recorded lectures only provide and explain instructions and rules without realistic feeling
for the given scenarios (Arkorful & Abaidoo, 2015). Such approaches are not particularly
effective, especially in the abovementioned fields (Dholakiya et al., 2019). For instance,
scenarios involving risky situations at work are difficult to simulate realistically due to cost,
safety, and environmental implications (Manca et al., 2013). As VR technology, particularly
immersive virtual technology (IVR) such as the IVR head-mounted displays and the cave
automatic virtual environment (CAVE), can provide users with a safe 3D training environment
space, promoting knowledge acquisition through active involvement, it has become possible to
create a representation of real-life scenario for training under normal or abnormal situations
within a safe setting while retaining stress drivers (Bissonnette et al., 2019; Dholakiya et al.,
2019).

The use of IVR technology in chemical industry setting can improve higher-order
thinking competencies that are important for scenario-based training, such as problem-solving
and communication skills. For instance, Colombo et al. (2014) used an IVR-based training
scenario of responding to pressurised liquid butane (C4) leakage due to inadvertent excavator
operation. Their study showed that participants trained in an I\VVR environment performed 50%
better in fault diagnosis, which develops problem-solving skills through deeper situational
awareness, than those trained with conventional slide-supported presentations (Colombo et al.,
2014). Nevertheless, it is still necessary to investigate the perceptions and acceptance of users
towards the application of VR technologies in chemical industries. This is due to the fact that
this specific area scarcely uses the applied theories on technology acceptance. The results of
this investigation will provide answers to the question whether it is, at present, appropriate to
use IVR or not, and to further develop the IVR technology that would best fit the intended uses.
Since the success rate of employing IVVR technology is dependent on the number of people who
are eager to try and use this technology, it is vital to identify the factors affecting IVR adoption
intentions (Van Slyke et al., 2007). For this purpose, the Unified Theory of Acceptance and
Use of Technology 2 (UTAUT 2) model, an extension of the UTAUT model, will be used in
this study. Both the UTAUT and UTAUT 2 models proved to be more comprehensive and give
higher explanatory power than other models, as validated by VVenkatesh et al., in 2003 and 2012,
respectively. Prominent models for evaluating technology acceptance include Technology

Acceptance Model (TAM), Theory of Planned Behaviour (TPB), Model of PC Utilisation
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(MPCU). Nonetheless, the UTAUT and UTAUT 2 model already reviewed, compared,
improved, and consolidated eight popular models including the abovementioned ones. More
importantly, the main reason for choosing the UTAUT 2 model is that it facilitates the
understanding of the adoption and use intention of the consumers (i.e. employees and operators)
towards IVR technology in a range of industries, including chemical processes. The UTAUT 2
model considers seven key factors: performance expectancy (PE), effort expectancy (EE),
social influence (SI), facilitating conditions (FC), hedonic motivation (HM), price value (PV),
and habit (H). The model also includes three moderators: age, gender, and experience. Both the
key factors and the moderators are considered to affect the behavioural intention (BI) and/or
use behaviour (USE). In this model, all the seven key factors affect the behavioural intention,
while the key factors FC, H, and Bl influence the use of behaviour.

Previous studies investigated the acceptance of VR in various fields. For instance, Hartl
and Berger (2017) explored the consumer acceptance of VR glasses in entertainment content
(e.g. watching 360° documentary video, and playing 3-minutes game) using the extended
UTAUT 2 model. In their study, researchers recruited a total of 155 participants (53% male,
75% without prior experience of IVR, and average age of 24 years) from a public university in
Germany. They found that only 3 out of 6 factors, PE, SI, and H, showed significant effects on
behavioural intention to adopt IVR system (Hartl & Berger, 2017). On the other hand, Kunz
and Santomier (2019) used the extended UTAUT 2 model to investigate the acceptance of VR
technology in a sports context. A total of 570 participants were recruited from a university in
southern Germany (67% male, 61% without prior experience of IVR, and average age of 23
years). They learned that only 3 out of 7 factors, PE, SI, and HM, showed significant effects on
behavioural intention to adopt IVR system (Kunz & Santomier, 2019). As observed, the IVR
adoption intention results from both studies are somewhat different, although they both
identified PE and Sl as significant factors. The results obtained from these IVVR adoption studies
cannot be used to generalise to other groups as it may cause misinterpretation due to the
differences in terms of sample demographics and fields of application of the technology. Hence,
this study employs a modified UTAUT 2 model to investigate the factors for the VR adoption
from the perspective of operators and employees in the chemical industry.

Sarstedt et al. (2011) proposed that data analysis in technology acceptance research
should not be limited to a single population (i.e. homogeneous representation of all
observations) as interpreting the results may result in misleading conclusions. Thus, they
proposed to apply a multi-group analysis (MGA) into partial least square (PLS) path model to
ascertain whether there are relevant similarities and/or differences across groups. As such, this

study uses partial least square multi-group analysis (PLS-MGA) to test the similarities and
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differences between the different sub-categories of chemical operators and employees in terms
of their intentions to adopt IVR. The findings from this model will prove useful for
understanding the acceptance of VR among operators and employees after considering their
background. The findings will enable chemical industries to implement more effective training
programmes in futures, and to more judiciously consider investments in IVR technology for

health and safety training.

3.2. Theoretical underpinning and hypothesis development

Although the awareness and the popularity of using new technologies like e-learning
and VR have increased especially during the COVID-19 period, some people are still hesitant
to adopt these new technologies. In order for the developers to understand and address the
hesitance of people towards the adoption of new technology, it is important to investigate the
interrelationship between influential factors and the behavioural intention. Without
understanding the gap between what people claim through their attitudes and involvement and
how they behave, the rate of success in implementing IVR training will be low. Given the
relevance and the growing importance of I\VVR adoption intention in chemical industry, it is
timely to examine the perceptions of operators and employees in terms of their intentions of
IVR adoption for H&S training.

Researchers usually evaluates the differences in attitudes across various groups to
determine the acceptability of a new technology in an organisation (Marques et al., 2011).
Acceptability may be ascertained by calculating the differences among attitude scores, but there
should be a validation whether the criteria used in measuring attitudes are observed in the same
way by the respondent groups (Cronbach, 1992; Cronbach & Furby, 1970).

Moreover, other underlying factors that affects the intention of the individual to accept
and use a technology must be considered (Marques et al., 2011; Sharma & Kumar, 2012). These
factors may include beliefs, characteristics, and other external factors. However, it is often
difficult to particularly measures these factors resulting to the researchers having to decide the
most appropriate model in accordance with the specific circumstances (Venkatesh et al., 2003).
Thus, it is important to understand the different models for technology acceptance.

The first model, originated from social psychology, used to study acceptance of
technology is the Theory of Reasoned Action (TRA) (Rondan-Catalufia et al., 2015). According
to this model, subjective norm, perceived behavioural control, and attitude toward the behaviour
determine behavioural intention (i.e. the intent to carry out certain behaviour) (Fishbein &
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Ajzen, 1975). Since TRA is not designed for assessing specific behaviour or technology, it can
be applied to different fields (Rondan-Cataluiia et al., 2015).

To understand user acceptance in the field of information technology (IT), Davis
adopted TRA and developed a Technology Acceptance Model (TAM) (Davis, 1989). This
model suggests that perceived usefulness (PU) and perceived ease of use (PEOU) are the two
main factors that affect the acceptance of a technology in the workplace (Rondan-Catalufia et
al., 2015). Over time, many tests verified the strong determinant effect of PU and PEOU on BI,
so the TAM model was extended to TAM2 and TAM 3. The former model is based on the
expansion of the antecedents of PU whilst TAM3 is based on the expansion of the antecedents
of PEOU (Venkatesh & Bala, 2008; Venkatesh & Davis, 2000). TAM models have been widely
used in a variety of technologies especially to website applications (Rondan-Catalufia et al.,
2015).

Since understanding the explanation of the use and the acceptance of a new technology
has become one of the leading aspects of research in the IT area, many additional models have
been devised (Rondan-Catalufia et al., 2015). Among these models, several studies use Unified
Theory of Acceptance and Use of Technology (UTAUT), which was formulated to explain and
predict user acceptance and/or use of new technology (Bracq et al., 2019; Ogourtsova et al.,
2019). Since there is a need to have an collective view of user acceptance to avoid mixing
concepts of various theories, UTAUT model is synthesised from the measurable/verifiable
comparison of eight models: the Theory of Reasoned Action (TRA), the Technology
Acceptance Model (TAM), the Motivational Model (MM), the Theory of Planned Behaviour
(TPB), the Combined TAM and TPB (C-TAM-TPB), the Model of PC Utilization (MPCU),
the Innovation Diffusion Theory (IDT), and the Social Cognitive Theory (SCT) (Venkatesh et
al., 2003). The UTAUT model was validated using within-subject longitudinal data from
different organizations (J. P. Li & Kishore, 2006; Venkatesh et al., 2003). The model explained
77% and 55% of variance in behavioural intention to use a new technology and in technology
use, respectively, as indicated in the empirical studies of acceptance of new software application
for employees working in financial or customer services (Venkatesh et al., 2003, 2016). Given
that the abovementioned R? values were greater than the 40% and 30% recommended values
for behavioural intention and use behaviour respectively (Zhou et al., 2021), the UTAUT model
demonstrates good explanatory power in the context of employees working in financial or
customer services adopting new software application.

According to Venkatesh et al. (2003), the UTAUT model considers four key factors:
performance expectancy (PE), effort expectancy (EE), social influence (SI), and facilitating

conditions (FC) for explaining and predicting user acceptance and/or use of new technology.
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The model also includes four moderators: age, gender, voluntariness, and experience. Both the
key factors and the moderators are considered to affect the behavioural intention (BI) and/or
use behaviour (USE). In this model, the key factors PE, EE, and Sl affect the behavioural
intention, while the key factors FC and BI influence the use behaviour (Venkatesh et al., 2003).

The relationships mentioned above is shown in Figure 3.1.

Performance

Expectancy (PE) \

Effort Expectancy
(EE) -—ﬂ_\
__"—-—______

Behavioral Use Behavior
Intention (Bl) (USE)

e

Social Influence (SI)

Facilitating | 11 —11
Condition (FC)

Voluntariness

A E: i
ge Gender Xperience of Use

Figure 3.1. UTAUT Model (Venkatesh et al., 2003).

Moreover, Venkatesh et al. (2012) established UTAUT?2 model to address a new context
of consumers. This model employed hedonic motivation (HM), price value (PV), habit (H), and
facilitating condition (FC) as additional key factors that influence BI compared to the original
UTAUT model. Additionally, habit also influences USE (Venkatesh et al., 2012). UTAUT2
has been reported to be able to explain about 74% and 52% of variance in behavioural intention
of use of new technology and in technology use for consumers, respectively (Venkatesh et al.,
2016). Given that the abovementioned R? values were greater than the 40% and 30%
recommended values for behavioural intention and use behaviour respectively (Zhou et al.,
2021), the UTAUT2 model demonstrates good explanatory power in the context of consumers

adopting new technology. These relationships are shown in Figure 3.2.
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Figure 3.2. UTAUT2 Model (Venkatesh et al., 2012).

Since the adoption intention in an organizational context and the continuous usage
intention in consumer context are explained in UTAUT and UTAUT2 research models,
respectively, these baseline models are usually used to analyse the factors influencing
individual intentions at different stages of technology adoption and use (Kupfer et al., 2016;
Rondan-Catalufia et al., 2015). For instance, several studies confirmed that the abovementioned
key factors have a significant influence on Bl to adopt new technology, such as an e-scooter
VR service (Huang, 2020), and a VR-based surgical simulator for scrub nurses (Bracq et al.,
2019). Thus, this study has employed the UTAUT 2, an adaptation of UTAUT to a consumer
context, to explain and predict behavioural intention of users towards I\VVR adoption.

As this study focused purely on the perception of IVR adoption from the perspective of
operators and employees in the chemical industry, the construct of PE has been conceptualised
as the extent to which chemical operators and employees perceive 1VR as a tool that would lead
to additional improvement in their job performance. The construct of EE has been
conceptualised as the extent to which chemical operators and employees perceive IVR to be
simple to operate and easy to use. The construct of Sl has been conceptualised as the extent to
which chemical operators and employees perceive the expectations of their peers on their use
of IVR. Finally, the construct of HM has been conceptualised as the extent to which chemical
operators and employees perceive IVR as a tool to bring additional joy and enjoyment. From
these, the following hypotheses, adapted and modified from Venkatesh et al. (2003, 2012), are

proposed:
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H1: PE has a significant influence on BI to adopt IVR for H&S learning.
H2: EE has a significant influence on Bl to adopt IVR for H&S learning.
Ha3: Sl has a significant influence on Bl to adopt IVR for H&S learning.

H4: HM has a significant influence on Bl to adopt IVR for H&S learning.

Several authors used the UTAUT model to identify the effect of different constructs
towards 1VR adoption intention using a single population sample. For instance, Shen et al.
(2019) investigated the direct indicators affecting the intention of 376 university students
(62.2% female, 54.8% undergraduate students, and average age of 22 years) in Taiwan to use
VR-based head-mounted displays (HMDs) in learning through UTAUT model. They found that
all four constructs (PE, EE, Sl, and FC) of the UTAUT showed a positive and significant effect
on the behavioural intention of the students to use HMDs in their learning activities (Shen et
al., 2019). However, according to Cheah et al. (2020), interpretation of results from a
homogenous population could be misleading as all individuals have their own perceptions and
evaluations of outcomes. Thus, they proposed to assess data by adding more subgroups of data
into the model to minimize misinterpretation of results (Cheah et al., 2020).

In relation to this proposal, a number of authors considered socio-demographic variables
such as age, gender, nationality, and experience in an analysis of the behaviour of technology
users. For instance, Venkatesh and his co-workers clustered participants based on their age,
gender, and experience and analysed the willingness of users to accept and use new technology
in the workplace, and the willingness of consumers to accept and use mobile internet technology
using UTAUT and UTAUT 2 model, respectively. Both of these studies confirmed that socio-
demographic variables were key factors in the Bl to adopt and/or use new technology. On the
other hand, Palau-Saumell et al. (2019) employed the extended UTAUT 2 model to compare
the usage intention with mobile application for restaurant searches and/or reservations, and
Ramirez-Correa et al. (2015), used the Technology Acceptance Model (TAM) to compare e-
learning intentions. These authors confirmed that some of the socio-demographic variables (i.e.
gender and age) were not key factors in the Bl of users to adopt and/or use these technologies.
Since there is some discrepancy among previous studies on the effect of socio-demographic
variables based on the technology used, it is important to establish the effect of these socio-
demographic variables on the behaviour of users toward I'VR adoption. By doing so for different
groups, the influence of the PE, EE, SI, and HM in terms of IVR adoption intention can be

compared. Thus, the following hypotheses are proposed:
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H5: The influence of adoption in IVR is different between groups based on the
nationality of the employees.
H6: The influence of adoption in IVR is different between groups based on the prior IVR
experience of the employees.
H7: The influence of adoption in IVR is different between groups based on the length of

work experience of the employees.

Finally, conceptual model of IVR adoption intention modified from UTAUT 2 model

is postulated as shown in Figure 3.3.

Socio-demographic vanables
Nationality, Prior IVR Expenence, Work Experience

L 4

Performance Expectancy
(PE)

Effort Expectancy (EE) [

| Behavioral Intention
(BI)

Social Influence (SI) //
Hedonic Motivation (HM)

Figure 3.3. The modified UTAUT 2 model

3.2. Research Methodology

3.2.1. Questionnaire Design

To measure the perceptions of chemical industry employees toward H&S training using
IVR technology, this study employed an online questionnaire survey. The final online
questionnaire comprised of two sections. The first section covered the socio-demographic
background of the respondents, including their gender, age, nationality, prior IVR experience,
and the length of employment. The second section contained questions about PE, EE, SI, HM,
and Bl that were adopted from previously reported research using the UTAUT 2 model and that
were verified as valid and reliable (Venkatesh et al., 2012). For each item, some of the words
were modified to better fit the scope of VR games in training. The respondents indicated their

agreement with each item on a six-point Likert scale, ranging from 1 for strongly disagree to 6
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for strongly agree. The reason for choosing the 6-point Likert scale is that it gives a higher trend
of discrimination and reliability as compared to a 5-point Likert scale (Chomeya, 2010).

Since this study also aimed to examine the difference in IVR adoption between eastern
and western countries, questionnaires in English, French, and German were prepared. The
questionnaire was originally created in English and was subsequently translated into French
and German by a native speaker. A separate native speaker then performed a blind back-
translation of the questionnaire into English, which was compared with the initial English
version to ensure the uniformity and validity of the translation (Dorer, 2012). The English list

of items used in the study with its corresponding constructs is shown in Table 3.1.

Table 3.1. Lists of measurement items used in the study.

Latent .
Variable Item  Explanation
I think that using the VR environment will be useful for
PE_1 -
- practicing H&S procedures.
Performance : : :
Using VR environment will probably enable me to learn the
Expectancy PE_2 ickl
(PE) H&S proc_edures more quickly.
If I use this VR environment, | will improve my performance on
PE_3
- H&S procedures.
I think using the VR environment will be clear and
EE 1
Effort —~ understandable.
I think that it will be easy for me to operate the platform in which
Expectancy EE 2 . . :
(EE) the _VR enw_ron_ment IS running.
EE 3 I think that it will take too long to learn how to use the VR
—~ environment to make it worth the effort.*
| think that the organization will support me in learning how to
Sl 1 )
- use the VR environment.
Social S| 2 People who influence my behaviour at work think that | should
Influence (SI) - use this VR environment.
I think my supervisor will be very supportive of the use of this
SI.3 . .
VR environment for my job.
| feel that it will be a bad idea to use the VR environment for
HM_1 .
Hedonic — H&S training.*
o I think that the actual process of using the VR environment for
Motivation HM_2 S
(HM) H&S training is fun.
I think that using VR environment for H&S training will be very
HM_3 o
=~ frustrating.
If made available to me, | would recommend using the VR
Bl_1 environment for learning to apply the H&S procedures to my
. colleagues.
Behavioural

If made available to me, I plan to continue to use VR
environment for H&S training frequently.

I think that after using the VR for H&S training, | will be ready
to use this learning environment for another training course.

Intention (BI) BI_ 2

Bl 3

Note: * - inverted item
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3.2.2. Data Collection Process

Before the data collection, the questionnaire was tested by an academic expert in the
field (Dr Bert Slof of Utrecht University) to ensure face validity as well as content validity. The
questionnaire was revised according to the expert feedback and conducted a pilot readability
test with postgraduate chemical engineering students and volunteer engineers in the chemical
industry. Prior to the distribution of the questionnaire, an ethical authorisation was obtained
from the Ethics Committee at the university.

The responses were collected from employees working in chemical industries situated
in Europe and Asia. Since it was impossible to include all employees working in the country in
the sample, convenience sampling, a non-probability sampling method was used. Four hundred
and thirty-eight (438) completed questionnaires were collected and were subjected to data
screening to eliminate invalid questionnaires. Since no incomplete or duplicated data were
present, all responses were used for data analysis.

The power analysis using G*Power 3 analysis software was performed to ensure the
sufficiency of the sample size (Faul et al., 2007). From the calculation, the minimum required
sample size for this study is 129. Thus, the sample of 438 collected data used in this study is

sufficient.

3.2.3. Data Analysis

Since multivariate analysis involves the application of statistical methods that
simultaneously analyse multiple variables, researchers need to select an appropriate method
based on the underlying research question and the empirical data available (Hair et al., 2017).
Multivariate analysis can be categorized into two groups: first-generation (e.g. ANOVA,
Multiple Regression, Factor analysis) and second-generation (e.g. structural equation
modelling). Many researchers, especially in the field of social science, use the latter method
since it enables simultaneous analysis of the hypothesized relationships in a given model, and
also possible correlations between multiple dependent and independent variable (Hair et al.,
2017).

Given the abovementioned advantages, Structural Equation Modelling (SEM), a
second-generation multivariate analysis was used in this study. There are two types of SEM:
covariance-based SEM (CB-SEM) which is primarily used for theory testing and confirmation
and partial least square SEM (PLS-SEM) which is often used for theory development from

exploratory study or extension of an existing structural theory. Rather than confirming an
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established theory, this study intended to explore the modified version of the well-known
technology acceptance theory (UTAUT2 model). Hence, it is more appropriate to use PLS-
SEM. It requires a lower sample size and non-normally distributed data compared to
covariance-based (CB) SEM (Hair et al., 2017). Therefore, PLS-SEM using SmartPLS™
version 3 software was used to assess the measurement model and to test the path relationship
between the constructs of the collected data (Ringle et al., 2015).

Given that the aim of this study is to examine the differences in hypothetical
relationships between groups, a multi-group analysis approach (MGA) in PLS-SEM was
carried out. The first step is the creation of data groups based on the categorical variable of
interest (Matthews, 2017). The next step involves the analysis of the measurement invariance
(i.e. equivalence) of composite models (MICOM) across two or more groups following a three-
step procedure: (1) configural invariance, (2) compositional invariance, and (3) the equality of
composite mean values and variances (Henseler et al., 2016). After establishing measurement
invariance, a comparison of path coefficients among groups using Henseler PLS-MGA
procedure was carried out to determine the significant differences between groups (Matthews,
2017).

3.3. Results
3.3.1. Participant Profile

The demographic information of the participants is summarised in Table 3.2. Out of the
438 participants, those coming from Asia account for 32.9% of the group compared to the
participants coming from Europe representing 67.1% of the group. Males account for 66.4% of
the participants, while females account for 33.6%. The majority of the participants are between
the ages of 20-39 (57.3%) and have more than five (5) years of working experience (62.8%).
Finally, more than 70% of the participants had prior experience in playing video games, but
only 35.4% of them have tried head-mounted display VR.

Table 3.2. Demographic information of participants (n = 438).

Characteristics Items Frequency Percentage

Nationality Eastern countri_es 144 32.9
Western countries 294 67.1

Gender Male 291 66.4
Female 147 33.6

20-29 155 354

Age 30-39 96 21.9
40-49 83 18.9
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50-59 88 20.1

60 and above 16 3.7

Less than a year 37 8.4

_ _ 1-5 years 126 28.8
Working Experience 6-20 years 153 34.9
More than 20 years 122 27.9

_ Yes 155 35.4
Experience to VR No 283 64.6
] . Yes 326 74.4
Experience to Video Game No 112 25.6

3.3.2. Assessment of the measurement model

To use the scores obtained from a concept (construct) for analysis, the variables
(indicators) selected to measure such concept must be both accurate and consistent (Hair et al.,
2019). Accuracy is associated with the term validity, while consistency is associated with the
term reliability (Hair et al., 2019). Thus, to ensure accuracy and consistency in the analysis, the
assessment of the measurement model is designed to evaluate the assumptions pertaining to the
validity and reliability of the structural model as identified in the SmartPLS software (SAGE
Research Methods Datasets, 2019). In the measurement model using a PLS analysis, the
validation guidelines of Hair et al. (2017) are used to examine the reliability and validity of the
constructs along with their corresponding items.

To test the internal consistency reliability, Cronbach’s alpha and composite reliability
or simply CR, were calculated using Equations 3.1 and 3.2, respectively. Cronbach’s alpha
measures the internal consistency or reliability of a construct by considering how near and
proximate the items are as a group (SAGE Research Methods Datasets, 2019; Taber, 2018). As
opposed to Cronbach’s Alpha, CR considers varying factor loadings. It is computed by getting
the sum of all true score variables and covariances in the composite of indicator variables
pertaining to the construct and dividing this sum by the total variance in the composite (SAGE
Research Methods Datasets, 2019).

K-7
[1+(K—1) 7]

Equation 3.1

a =

where: K = the number of indicators for a given construct; ¥= the average non redundant
indicator correlation coefficient (i.e. the mean of the lower or upper triangular correlation

matrix)
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CR = k=1 L) Equation 3.2
(Eie=1 b)? + Xhemy var (ex)

where: I = standardized outer loading of the indicator variable k of a specific construct
measured with K indicators; ex = measurement error of indicator variable k; var(ex) = the

variance of the measurement error (1 — [2)

The calculated values of internal consistency and convergent validity for participants
based on nationality, prior IVR experience, and length of work experience are shown in Table
3.3, Table 3.4, and Table 3.5, respectively. As observed in Tables 3.3-3.5, Cronbach’s alpha
and CR values for all factors were above the minimum cut-off 0.6 (Hair et al., 2017), which
indicates that the constructs have strong internal consistency reliability for each considered sub-
population. In other words, the indicators (question items) considered in this study provide an

acceptable degree of consistency with respect to the intended construct (Taber, 2018).

Table 3.3. Internal consistency reliability and convergent validity analysis for participants based

on nationality.

Factor Cronbach's

a b
Constructs Items Loading Alpha CR AVE
Performance EE—; 83(1); Eggig; 0.893 0.934 0.824
E t - ' ' 0.903 0.939) (0.838
xpectancy PE3  0.899(0.917) (0.903) (0.939) (0.838)
EE_1 0.892 (0.898)
- 0.725 0.879 0.784
Effort Expectancy EE 2 0.879 (0.862)
EE 3* (0.7112) (0.873) (0.775)
SI_1 0.765 (0.822)
Social Influence SI_2 0.753 (0.856) (8382) (825233) (8%8)
SI_3 0.823 (0.850) ' ' '
HM_1 0.866 (0.798)
Hedonic Motivation ~ HM 2 0.824 (0.750) (gggg) (8222) (8232)
HM 3 0.859 (0.766) ' ' '
Bl 1 0.923 (0.935)
Behavioural Intention Bl 2 0.934 (0.945) (8282) (gggg) (8222)

BI 3 0.890 (0.842)
Note:  * - Removed due to the lack of outer loading reliability (< 0.7)
@ . Composite Reliability
b - Average Variance Extracted
Numbers in bracket - Values for Eastern countries group
Numbers not in bracket - Values for Western countries group
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Table 3.4. Internal consistency reliability and convergent validity analysis for participants based

on prior IVR experience.

Constructs Items Factor Cronbach’s CR® AVEP
Loading Alpha
Performance EE—; 8283 Egg;g 0.880 0.926  0.806
Expectancy — ' ' (0.910) (0.943) (0.847)
PE_3 0.892 (0.919)
EE 1 0.880 (0.906)
- 0.625 0.841 0.726
Effort Expectancy EE 2 0.823 (0.887)
EE 3* (0.757) (0.892) (0.804)
Sl 1 0.723 (0.774)
Social Influence Sl 2 0.711 (0.825) (83431;1) (8322) (822(7))
Sl 3 0.839 (0.836) ' ' '
HM_1 0.830 (0.860)
Hedonic Motivation ~ HM 2 0.722 (0.825) (82(7)421) (8222) (8321)
HM 3 0.763 (0.849) ' ' '
Bl 1 0.918 (0.928)
Behavioural Intention  BI_2 0.904 (0.953) (8812) (8822) (83(;1")

Bl 3 0.866 (0.886)
Note:  * - Removed due to the lack of outer loading reliability (< 0.7)
- Composite Reliability
b - Average Variance Extracted
Numbers in bracket - Values for without prior experience to IVR group
Numbers not in bracket - Values for with prior experience to IVR group

Table 3.5. Internal consistency reliability and convergent validity analysis for participants based

on length of work experience.

Factor Cronbach's

a b
Constructs Items Loading Alpha CR AVE
Performance EE—; 83;2 Egggg 0.913 0.945 0.851
Expect - ' ' 0.892 0.933) (0.822
xpectancy PE 3 0.922(0.899) (0.892) (0933) (0.822)
EE 1 0.886 (0.898)
- 0.712 0.874 0.776
Effort Expectancy EE 2 0.876 (0.871)
EE 3¢ (0.723) (0.878) (0.782)
Sl 1 0.767 (0.773)
Social Influence SI_2 0.807 (0.775) (8;12) (8223) (8225)
Sl 3 0.811 (0.840) ' ' '
HM 1 0.807 (0.865)
Hedonic Motivation  HM_2 0.795 (0.803) (g%g) (8233) (8?(2):31)
HM 3 0.767 (0.854) ' ' '
Bl 1 0.917 (0.928)
Behavioural Intention  BI_2 0.916 (0.946) (8812’) (882‘51) (822?)

Bl 3 0.852 (0.893)
Note:  * - Removed due to the lack of outer loading reliability (< 0.7)
2 - Composite Reliability
b - Average Variance Extracted
Numbers in bracket - Values for more than 5 year work experience group
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Numbers not in bracket - Values for less than 5 year work experience group

In order to test the construct validity, the convergent validity and the discriminant
validity were calculated. Convergent validity evaluates the proximity or relation of items that
measures the same construct while the discriminant validity determines whether a construct,
which in theory must be unrelated from other constructs in the model, is indeed distinct and
unrelated (Hair et al., 2019). According to Hair et al. (2017), the calculated value for the average
variance extracted or simply AVE (Equation 3.3) and the factor loading (i.e. coefficient of a
question item in relation to specific construct) should be greater than 0.5 and 0.708,
respectively. As shown in Tables 3.3-3.5, all constructs in every subpopulation considered had
an average variance extracted (AVE) and factor loading values higher than the minimum cut-
off. These results indicate that the indicators (questionnaire items) of a specific construct (PE,
EE, SI, HM, or BI) positively converge, share, and measure the same construct (Hair et al.
2017).

K 2
AVE = w Equation 3.3

Although most of the researchers use the Fornell-Larcker criterion to test discriminant
validity in PLS-SEM studies, there are studies which question the correctness of this criterion
(Hair et al., 2019; Henseler et al., 2015). For instance, the simulation study of Henseler et al.
(2015) showed that the Fornell-Larcker criterion was unable to perform and detect the lack of
discriminant validity in PLS-SEM. This observation was particularly evident when the
difference between the indicator loadings on a construct were small. To minimize this error,
Henseler et al. (2015) suggested that the Heterotrait-Monotrait ratio (HTMT) should be used to
evaluate the correlations among the measures of potentially overlapping constructs. Thus, for
this study, the Heterotrait-Monotrait ratio (HTMT) was calculated to evaluate discriminant
validity (Equation 3.4). The calculated values of discriminant validity for participants based on
nationality, prior IVR experience, and the length of work experience is shown in Table 3.6,
Table 3.7, and Table 3.8, respectively. As shown in Tables 3.6-3.8, the calculated confidence
interval of the HTMT statistics was lower than the threshold value of 0.9 for all combination of
constructs (Gold et al., 2001). Thus, the results obtained indicate adequate convergent and

discriminant validities for each considered sub-population.
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__1 yKi vKj (2 Ki—1gK; _
HTMT;j = Kl.K.Zg=1 n=1"Tig.jh = (Ki(Ki_l) Eg=1 Zh=g+1rig,ih )
/ Equation 3.4
1
Kj—l

2 Kj )E
. T' .
Ki(K;-1) Zg=1 Zh=g+1 jg,jh

c = cor(Y),y@)
where: ¢ = correlation between the composite scores Y and Y
Table 3.6. Discriminant validity analysis using Heterotrait-Monotrait (HTMT) ratio for

participants based on nationality.

PE EE Sl HM Bl

PE
EE  0.813(0.767)

Sl 0.568 (0.470) 0.595 (0.555)

HM 0.781(0.571) 0.804 (0.691) 0.523 (0.148)

Bl  0.867(0.771) 0.887 (0.832) 0.590 (0.518) 0.844 (0.646)
Note:  The numbers indicate the pairwise correlations between variables
PE = Performance Expectancy; EE = Effort Expectancy; SI = Social Influence; HM = Hedonic
Motivation; Bl = Behavioural Intention
Numbers in bracket - VValues for Eastern countries group
Numbers not in bracket - Values for Western countries group

Table 3.7. Discriminant validity analysis using Heterotrait-Monotrait (HTMT) ratio for
participants based on prior IVR experience.

PE EE Si HM Bl

PE

EE  0.746 (0.847)

Sl 0.452 (0.561) 0.426 (0.641)

HM  0.553 (0.794) 0.756 (0.767) 0.306 (0.473)

Bl  0.785(0.882) 0.830 (0.889) 0.466 (0.608) 0.687 (0.832)
Note:  The numbers indicate the pairwise correlations between variables
PE = Performance Expectancy; EE = Effort Expectancy; SI = Social Influence; HM = Hedonic
Motivation; Bl = Behavioural Intention
Numbers in bracket - Values for without prior experience to IVR group
Numbers not in bracket - Values for with prior experience to VR group

Table 3.8. Discriminant validity analysis using Heterotrait-Monotrait (HTMT) ratio for
participants based on length of work experience.
PE EE Sl HM Bl

PE

EE  0.819 (0.808)

Sl 0.538(0.528) 0.552 (0.597)

HM  0.636 (0.766) 0.799 (0.764) 0.231 (0.491)

Bl  0.824(0.861) 0.895(0.871) 0.542 (0.581) 0.779 (0.805)
Note:  The numbers indicate the pairwise correlations between variables
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PE = Performance Expectancy; EE = Effort Expectancy; SI = Social Influence; HM = Hedonic
Motivation; BI = Behavioural Intention

Numbers in bracket - Values for more than 5 year work experience group

Numbers not in bracket - Values for less than 5 year work experience group

3.3.3. Assessment of measurement invariance

Before performing the multi-group analysis (PLS-MGA) to determine the potential
similarities and/or differences between path coefficients of the subpopulations considered,
measurement invariance should be tested (Henseler et al., 2016). Measurement invariance is
required to ensure that a given measure is interpreted in a conceptually similar matter across a
specified population (Horn & Mcardle, 1992). In PLS-SEM, measurement invariance can be
tested using the measurement invariance of composites (MICOM) procedure which includes
configural invariance, compositional invariance, and equality of composite mean values and
variances (Henseler et al., 2016). According to Henseler et al., (2016), completing these three
steps will give a full measurement invariance (i.e. pooling data of different groups), but
establishing the first two steps is sufficient to conduct PLS-MGA.

The assessment of configural invariance involves the evaluation of the measurement
models for all groups to check if the same number of indicators and the same variance-based
model estimation were used and if all the indicators were treated equally across the specified
groups (Henseler et al., 2016). As the analysis and assessment of the measurement models
(reliability and validity) for all groups was completed in the previous sub-section, configural
invariance was established.

To ensure the homogeneity of the composite scores across the considered
subpopulations, compositional invariance was examined using a permutation analysis with
5000 resamples through SmartPLS 3 software (Henseler et al., 2016; Ringle et al., 2015). The
calculated values of MICOM for participants based on nationality, prior IVR experience, and
length of work experience are shown in Table 3.9, Table 3.10, and Table 3.11, respectively. As
shown in Tables 3.9-3.11, all of the values of ¢ (compositional invariance correlation) were
close to 1 and fell within the 95% confidence interval. Hence, the compositional invariance was
established across all the subpopulation groups. Subsequently, upon the establishment of both
configural and compositional invariance, partial measurement invariance, which is the

minimum required to conduct the PLS-MGA was achieved.

Table 3.9. Assessment of measurement invariance of composite models (MICOM) test for

participants based on nationality.

Construct Step 1
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Configural Invariance

PE Yes
EE Yes
Si Yes
HM Yes
Bl Yes
Construct - - S'Fep 2 — - -
Correlation ¢ 95% confidence interval Compositional invariance
PE 1.000 [0.999, 1.000] Yes
EE 1.000 [0.997, 1.000] Yes
Sl 0.998 [0.984, 1.000] Yes
HM 0.997 [0.992, 1.000] Yes
Bl 1.000 [0.999, 1.000] Yes

Note: PE = Performance Expectancy; EE = Effort Expectancy; SI = Social Influence; HM = Hedonic
Motivation; Bl = Behavioural Intention

Table 3.10. Assessment of measurement invariance of composite models (MICOM) test for

participants based on prior IVR experience.

Construct - SiEn -
Configural Invariance
PE Yes
EE Yes
Sl Yes
HM Yes
Bl Yes
Construct - - S’Fep 2 — - -
Correlation ¢ 95% confidence interval Compositional invariance
PE 1.000 [0.999, 1.000] Yes
EE 1.000 [0.997, 1.000] Yes
Sl 0.997 [0.983, 1.000] Yes
HM 0.999 [0.992, 1.000] Yes
Bl 1.000 [0.999, 1.000] Yes

Note:  PE = Performance Expectancy; EE = Effort Expectancy; SI = Social Influence; HM = Hedonic
Motivation; Bl = Behavioural Intention

Table 3.11. Assessment of measurement invariance of composite models (MICOM) test for

participants based on length of work experience.

Construct - SICplL -
Configural Invariance
PE Yes
EE Yes
Sl Yes
HM Yes
Bl Yes
Construct - - S’Fep z — - -
Correlation ¢ 95% confidence interval Compositional invariance
PE 1.000 [0.999, 1.000] Yes
EE 1.000 [0.997, 1.000] Yes
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S| 0.998 [0.985, 1.000] Yes
HM 0.996 [0.993, 1.000] Yes

BI 1.000 [0.999, 1.000] Yes

Note:  PE = Performance Expectancy; EE = Effort Expectancy; SI = Social Influence; HM = Hedonic
Motivation; Bl = Behavioural Intention

3.3.4. Assessment of the structural model and PLS-MGA results

After establishing the minimum requirement to perform PLS-MGA, the structural
model was evaluated for every subpopulation based on the collinearity assessment, the
coefficient of determination (R?), and the path coefficient significance (B). Before calculating
R? and p, it is important to check first if there are no issues connected with multi-collinearity
(Hair et al., 2017). To do this, full collinearity variance inflation factors (VIFs) are evaluated.
As shown in Tables 3.12, as the obtained VIF values for PE, EE, SI, and HM were significantly

below the threshold value of 3, multi-collinearity issues were not a concern.

Table 3.12. Results of full collinearity test for each subpopulation.

Variance Inflation Factors (VIF)

With Prior Without <5year > 5 year
Construct Western Eastern IVR Prior IVR work work

experience experience experience  experience
PE 2.283  1.785 1.632 2.634 2.043 2.237
EE 2016  1.973 1.678 2.257 2.219 1.976
Sl 1.298  1.299 1.143 1.360 1.297 1.290
HM 2.063  1.488 1.433 2.068 1.748 1.918

Note:  PE = Performance Expectancy; EE = Effort Expectancy; SI = Social Influence; HM = Hedonic
Motivation; Bl = Behavioural Intention

The structural model that specifies the correlations between the constructs for each
subpopulation was evaluated by investigating the path significance using a bias-correlated and
accelerated (BCA) bootstrapping without sign change re-sampling technique based on 5000
sub-sample (Hair et al., 2017; Ringle et al., 2015). BCA bootstrapping was used to handle the
issue of peaked and skewed distribution by adjusting the confidence intervals for skewness
(Efron, 1987). The path coefficients and the extent of influence on the structural equation model

for every subpopulation are shown in Figures 3.4-3.6.
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Figure 3.4. Structural equation model of the employees’ perception on IVR games in training

based on nationality. Significance Level: *p< 0.05**p<0.01***p<0.001. Direct influence is

indicated by a solid line; no influence is shown using a broken line.
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Figure 3.5. Structural equation model of the employees’ perception on IVR games in training

based on prior IVR experience. Significance Level: *p< 0.05**p<0.01***p<0.001. Direct

influence is indicated by a solid line; no influence is shown using a broken line.
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Figure 3.6. Structural equation model of the employees’ perception on IVR games in training

based on length of work experience. Significance Level: *p< 0.05**p<0.01***p<0.001. Direct

influence is indicated by a solid line; no influence is shown using a broken line.
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As shown in figures 3.4-3.6, the variance explained by the PE, EE, SI, and HM
constructs for behavioural intention to adopt IVR was 0.728, 0.621, 0.604, 0.747, 0.684, and
0.714 for the groups from the western region, eastern region, with prior VR experience, without
prior IVR experience, less than 5 years of work experience, and more than 5 years of work
experience, respectively. Since R? value > 0.2 is considered acceptable in the behavioural study,
all models possess adequate capacity to explain Bl to adopt IVR (Hair et al., 2017).

Table 3.13 summarises the outcomes of the path coefficient values for each
subpopulation. H1, which suggested significant relationships between PE and Bl, was validated
in all groups and the values were above 0.37. H2, which suggested significant relationships
between EE and BI, was validated in all groups and the values were above 0.23. H3, which
suggested significant relationships between Sl and B, was not validated in the western group
nor in the prior IVR experience group, but was validated in the other groups. H4, which
suggested significant relationships between HM and BI, was validated in all groups and the

values were above 0.21.

Table 3.13. Outcomes of the Structural equation model multi-group analysis.

Based on nationality

. . Henseler’s
Relationship Eastern Western | Diff|  MGAp-
value
HI1: PE — BI 0.376*** 0.392*** 0.016 0.566
H2: EE — BI 0.256*** 0.254*** 0.002 0.482
H3: SI — BI 0.159** 0.074 0.084 0.108
H4: HM — BI 0.215** 0.281*** 0.066 0.795
Based on prior experience to IVR
. . . . Henseler’s
Relationship VI\Ellthoqt IVR  With IVR | Diff | MGA p-
Xperience  Experience
value
HI1: PE — BI 0.400*** 0.424*** 0.024 0.605
H2: EE — BI 0.242*** 0.237*** 0.005 0.477
H3: SI — BI 0.104* 0.100 0.004 0.474
H4: HM — BI 0.265*** 0.228** 0.037 0.319
Based on length of work experience
- ‘ Henseler’s
Relationship < 5years > 5 years | Diff | MGA p-
value
H1: PE — BI 0.372*** 0.412*** 0.041 0.685
H2: EE — BI 0.235*** 0.253*** 0.018 0.587
H3: SI — BI 0.118** 0.097* 0.021 0.370
H4: HM — BI 0.290*** 0.242*** 0.049 0.251
Note:  Significance level of path coefficient: * p < 0.05, ** p < 0.01, *** p < 0.001.
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PE = Performance Expectancy; EE = Effort Expectancy; SI = Social Influence; HM = Hedonic
Motivation; Bl = Behavioural Intention

Having evaluated the measurement and structural model, Henseler’s MGA (PLS-
MGA), a non-parametric test, was used to assess the similarities and differences of path
coefficients between the groups. In this method, if the MGA p-value is lower than 0.05 or
greater than 0.95, there is a 5% level significant difference between specific path coefficients
between the two subpopulations. The outcome of the PLS-MGA p-values in Table 3.13 showed
that there were no significant group differences between any of the subpopulation groups (e.g.
based on nationality, prior IVR experience, and length of work experience). Therefore, H5, H6,

and H7 were not accepted.

3.4. Discussion

The current study applied a group-based approach to examine the perception of
chemical operators and employees towards IVR adoption intentions. This was done by using a
modified version of UTAUT 2 that includes PE, EE, SI, and HM constructs. Upon comparison
of the groups of chemical operators and employees based on nationality, prior IVR experience,
and work experience using PLS-MGA, there were several similarities and differences in the

relationships investigated in the current study.

3.4.1. Theoretical implications

This study provides meaningful insights for the current literature on I'VR adoption based
on the UTAUT 2 model. Structural equation models developed for this purpose indicated that
PE, EE, and HM have a significant impact on Bl for all subpopulations (western, eastern, with
and without prior IVR experience, less than and more than 5 years of work experience) while
the construct Sl has a significant impact on Bl for subpopulations such as eastern, without prior
IVR experience, as indicated by the parameters such as path coefficients and p-values. The
limitation of data-based modelling approaches is their inability to relate the independent
variables (in this case PE, EE, SlI, and HM) to other independent variables as this is beyond the
scope of the UTAUT2 model. However, Sitar-Taut (2021) pointed out that there was a causal
connection between the independent variables PE and HM on mobile learning using their
proposed acceptance framework. This study does not claim such causal connection, but the

reliability and validity testing carried out within this research ensures the independence of the
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latent variables. Moreover, the explanatory power, determined by the R? values computed for
each group-specific structural equation models, all have values greater than 60.4%. These R?
values are greater than the 40% recommended value for behavioural intention (Zhou et al.,
2021). Thus, future practitioners such as instructors and researchers can use this methodology
based on the modified UTAUT 2 model on IVR adoption intention to test its reliability and
validity in other settings.

Concerning hypothesis testing, the empirical results for all subpopulations (western,
eastern, with and without prior IVR experience, less than and more than 5 years of work
experience) showed that performance expectancy significantly influences the VR adoption
intention in chemical industries. Moreover, among the four key factors, PE was the strongest
factor influencing BI to adopt IVR for all subpopulations (Figures 2-4). This result is also
consistent with previous studies that confirmed the significant influence of PE on VR
acceptance in a sport context (Kunz & Santomier, 2019) and on e-mail acceptance (Mao &
Palvia, 2008). This indicates that when users know that the given technology provides better
job performance (e.g. enhancing effectiveness, increasing productivity, improving productivity,
etc.), they will become more motivated to adopt the system. As Hsu and Lin (2008) mentioned
that PE is a critical factor in work-related environment and given that the respondents
considered in this study were chemical operators and employees, this suggests that regardless
of the group, respondents perceive that using IVR technology in chemical industry training
would increase their job performance.

In addition, effort expectancy was found to significantly influence the VR adoption
intention for all subpopulations. The results show that regardless of the group, respondents are
driven to adopt IVR if they perceive the IVR experience as easy and simple. This outcome is
also consistent with the findings on mobile internet acceptance (Venkatesh et al., 2012) and
online virtual tour-guiding platform acceptance (Chiao et al., 2018). This suggests that when
users know that a given platform is user-friendly, it boosts their confidence which leads to
adopting and supporting that system. However, the rank order for EE is different per
subpopulation. For instance, subpopulations such as eastern group, with prior IVR experience
group, and more than 5 years of work experience group show that EE is the second strongest
factor influencing Bl to adopt IVR. According to Ramayah et al. (2005), EE is considered to
have more influence on BI for less experienced users but, in this study, this was not verified.
This may be because VR is still not that accessible compared to other technologies, such as
desktop computers or smartphones. It is also possible that the conflicting result is due to the
fact that the respondents with prior VR experience probably still expected it not to be easy and

to take quite some time for them to master the controls in the IVR environment. Moreover,
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compared to less than 5 years of work experience, respondents who have more than 5 years of
experience are more hesitant to use the I\VVR training. For instance, Elgohary and Abdelazyz
(2020) reported that the people who have more years of work experience have a higher tendency
to be hesitant, less confident, and comfortable in using new technology as opposed to the
platforms they were already accustomed to. Thus, it is understandable that for these groups, the
amount of effort needed by the user to put into using IVR-based training (EE) is a more
important factor to consider for IVR adoption intention than SI or HM. Furthermore, compared
to those respondents who come from the western region, respondents come from eastern region
are more reluctant to use IVR-based training. According to Cipresso et al. (2018), European
countries such United Kingdom, Germany, Italy, Spain, among others were very involved in
VR research. Given that several chemical institutions in the abovementioned European
countries have actively participated in the development of new IVR-based training that can be
used in their respective needs, their employees have greater chance to access these new
technologies. This reason could explain the lower path coefficient effort expectancy value for
respondents coming from western group compared to eastern group.

Hedonic motivation also significantly influenced the IVR adoption intention for all
subpopulations. The results show that, regardless of the group, respondents are driven to adopt
IVR if they perceive the IVR experience as fun and entertaining. This outcome is also consistent
with previous studies on the IVR adoption intentions for an e-scooter service (Huang, 2020),
and the acceptance of social telepresence robots (J. Han & Conti, 2020). Those studies indicated
that close interaction between the user and the given technology can provide perceived fun-
filled user experience. However, the rank order for HM is different in each subpopulation. For
instance, subpopulations such as western group, without prior IVR experience group, and less
than 5 years of work experience group, all show that HM is the second strongest factor
influencing Bl to adopt IVR. As mentioned by Venkatesh et al. (2012), as experience
intensifies, the attractiveness of the novelty and innovativeness will reduce which in return
affects the HM. Given this argument, it is possible that respondents who do not have prior IVR
experience are more eager to experience the IVR technology than the respondents with prior
IVR experience. This is also true for respondents with less than 5 years of work experience as
well as for the western group. This may be because respondents coming from these groups are
more willing to go out of their comfort zones and are more open to trying new and innovative
approaches, such as IVR technology. Given these reasons, for the abovementioned groups, even
though IVR technology will be mainly used for learning procedural know-how, HM is a more

important factor than Sl or EE, when considering IVR adoption intention.
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Although the rank order is last, subpopulations such as eastern, without prior IVR
experience, regardless of the length of work experience, indicated that social influence
significantly impacts IVR adoption intention in chemical industries. This outcome is also
consistent with previous studies that confirmed the significant influence of Sl on e-governance
of users (Alraja, 2016), and also on health IT (Bozan et al., 2016) adoption intentions. Similar
to the “bandwagon effect”, people tend to adopt new technology if it works favourably for their
respected peers and/or supervisors (Tsai et al., 2013). This effect is especially true in a situation
where the implementation of a new technology is still in its initial stage as reported by Alraja,
(2016). Thus, this suggests that for these groups, peer influence is still considered to be an
important factor in determining what people adopt since the implementation of IVR is in its
initial stage. However, subpopulations such as western, and with prior IVR experience groups
do not support this hypothesis. Researchers, such as T. Teo and Noyes (2014), also reported
that SI was found not to be significant on Bl to use technology among younger pre-service
teachers as they were digital natives and tended to choose for themselves whether to use the
given technology or not. For the two groups mentioned above, it is possible that people within
these groups were already aware of the existence of IVR technology (i.e. digital natives). This
suggests that they really do not need to be influenced by their peers or supervisors as they know
the capabilities of IVR technology. Thus, it is important to consider the subpopulation as the
construct of SI changes over time.

The modified UTAUT2 is helpful in exploring more factors that influence the intentions
of chemical operators and employees to adopt IVR in a different setting. Through using this
model, the relationships between Bl and PE, EE, SI, and HM were explored. The results of the
analysis and the Henseler’s MGA analysis revealed that there was no significant difference in
the models between the effect of PE, EE, SlI, and HM on Bl to adopt IVR in a group of chemical
operators and employees based on nationality, prior IVR experience, or length of work
experience. Nevertheless, it is still necessary to take into account these socio-demographic
factors as there are definite group differences in terms of the ranking order of each construct
for the IVR adoption intentions among each subpopulation. Incorporating PLS-SEM and MGA
methods is beneficial since these methods are not limited to analysing VR adoption behaviour
of the population sample, but they are also useful in determining group differences (Matthews,
2017; Ramirez-Correa et al., 2015).

3.4.2. Practical implications

In terms of the practical implications, this study will be able to inform the chemical
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industry policymakers/decision-makers in a number of ways. If the institutions decide to create
an IVR-based training, they can consider the ranking order of each construct to design
appropriate training strategies in the VR environment to satisfy the needs of the users. Through
this, managerial and training staff, and corporate policymakers will have a clearer view on what
should be implemented, allowing them to decide whether to emphasize game elements, easier
controls, more procedural aspects, etc. Purchase the IVR system from other industries can also
be guided through the use of the results of this model, as a basis to choose the most suitable
IVR system and to make a fair judgement regarding the 1VR system specifications that lead to
a more effective delivery of the training programme. As the COVID-19 pandemic continues to
develop through multiple waves around the world, online courses, as well as training, are
becoming the new normal. Thus it is expected that IVR will play a significant role in delivering
professional development and health and safety training. The current study recommends that it
is important to consider constructs such as PE, EE, Sl, and HM as key factors in determining

the adoption rate of IVR technology.

3.5. Conclusions

This study aimed to compare the factors influencing the adoption intention of VR using
the modified version of UTAUT 2 model. The IVR adoption intention of predefined groups of
chemical operators and employees was analysed using PLS-SEM and multi-group analysis
(MGA) with SmartPLS 3.0. Although the results of PLS-MGA did not show statistically
significant differences between the predefined groups of respondents, the MGA approach is
effective in understanding the intentions of multiple groups. Through identifying the ranking
order of the constructs considered in the UTAUT model across group-specific results, chemical
industry policymakers can utilise this information in formulating suitable strategies on possible
ways to implement IVR-based technology from the measured groups (e.g. whether to

emphasize game elements, easier controls, more procedural aspects, etc.).

3.6. Note

Part of this chapter has been published in the Virtual Reality Journal: Toyoda, R.,
Russo Abegao, F., Gill, S., & Glassey, J. (2021). Drivers of immersive virtual reality adoption
intention: a multi-group analysis in chemical industry settings. Virtual Reality.
https://doi.org/10.1007/s10055-021-00586-3
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Chapter 4. A framework for evaluating user expertise in immersive

learning environments

Regular and relevant training is helpful in ensuring that employees within an
organization are provided with necessary skills and information for the efficient performance
of their roles. One of the training methods now being used in industries is the immersive virtual
reality (IVR) training. Given that the I\VR-based training method enables provision of effective
training in safe and controlled environments as perceived by the chemical operators and
employees working at different chemical industries from chapter 3, there is a need from
stakeholders for the development of assessment frameworks for training in IVR settings. This
study provides a guideline on employing an unbiased and unobtrusive assessment framework
for the evaluation of user expertise in immersive learning environments through applying
Dreyfus model and evidence-centred design (ECD) and fuzzy comprehensive evaluation
method. The developed assessment framework was implemented and tested in a case study
which involves an IVR-training called ‘Operate Your Own Reactor’ where 19 chemical
operator apprentices from a chemical training company based in Belgium were trained to
perform tasks for the production of n-butyllithium in a virtual chemical plant. The assessment
results provided by the IVR system automatically display a detailed performance level of the
participants and corresponding feedback per task. This information can then be used by the
apprentices to identify their respective strengths and weaknesses. Moreover, this assessment
framework can assist trainers in providing more constructive and personalised feedback for
trainees to ensure their continual growth. Lastly, the relevant and timely information about the
performance of apprentices in IVR-based training, provided through this assessment
framework, can be used by the administrators for strategic decision-making in terms of
personnel management and development. In summary, this study creates an assessment system
for a relatively new technology, the IVR, for chemical reactor operation training, through the
application and harmonisation of proven and validated methodologies.

4.1. Introduction

The contributions of experts are necessary in advancing their respective fields.
However, before a person becomes an expert, they must undergo an often extensive and lengthy
process of knowledge and skill development. Achievement of expertise in a specific field,

although difficult, may be significantly aided by creating a systematic, effective, and well-
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designed training programs It is therefore essential that the advancement of a novice towards
an expert can be measured in definite levels. To assess this progression, researchers and
practitioners have consistently used the Dreyfus model (Dreyfus, 2004; Dreyfus & Dreyfus,
1987) to describe the gradual process of levelling up towards expertise. The Dreyfus model
provides a five-level hierarchy consisting of a novice, advanced-beginner, competent,
proficient, and expert, wherein each level is characterized in terms of their traits and capacity
in solving a specific problem. The incorporation of the Dreyfus model in an assessment
framework will provide a concrete backbone for an effective training system deliberately
designed to efficiently develop experts.

The outcomes of the training are greatly affected through the chosen methodologies for
training design, delivery, and implementation (Salas et al., 2012). In most cases, trainees tend
to retain information better if they experience both talking and doing, rather than just receiving
a long-written protocol to read and follow (Dholakiya et al., 2019). As a result, several
institutions are now employing new technologies, such as the immersive virtual reality (IVR)
technology for training (Garcia Fracaro et al., 2021; Isleyen & Duzgun, 2019). In contrast to
the traditional training methods, IVVR training simulates actual situations in a safe and realistic
environment for the acquisition of knowledge and skills (Fallman et al., 1999). IVR technology
which incorporates games and simulations, is also shown to enhance problem-solving and
decision-making skills (Voorhis & Paris, 2019).

However, several difficulties arise when developers of such interactive immersive
environments attempt to classify and measure the competencies acquired. One of the difficulties
is related to the method of training assessment. For instance, the assessment of trainees through
paper-and-pencil tests is limited to measuring declarative knowledge acquisition rather than
addressing the development of 21% century skills such as complex problem solving and
communication, essential to succeeding in professional life (Garcia Fracaro et al., 2021; Loh,
2011; Shute & Emihovich, 2018). Moreover, assessment made by the experts is time consuming
and might involve their subjective opinion which might affect the assessment outcomes (Garcia
Fracaro et al., 2021). Aside from the fact that assessment needs to be carried out in an unbiased
and unobtrusive way, information generated through the actions and behaviours of the users
within the system should be utilised in the assessment in these kinds of virtual environments
(Loh, 2011; Shute et al., 2016).

The result of an effective assessment allows the stakeholders to utilise the information
in productive ways (Clarke-Midura & Dede, 2010). Thus, several researchers have been
working on how to design and develop performance-based assessments for hard-to-measure

and complex constructs, such as leadership and teamwork traits, in immersive environments.
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To significantly improve assessment in IVR, evidence-centred design (ECD), which is an
assessment design framework that integrates conceptual and analytical models for an automated
assessment process, may be incorporated therein (Mislevy et al., 2003; Shute et al., 2016).
Using this framework in IVR setting, real-time estimates and claims of competency levels of
the learners possessing a range of knowledge and skills can be obtained from their in-game
actions and behaviours in relation to the given tasks (Mislevy et al., 2003). More importantly,
ECD also narrows down and identifies the most relevant data among the voluminous data
available and produced in the IVR in relation to the specific training objectives. This increases
the operational efficiency of the IVR training platform by collecting, analysing, and archiving
only the useful data for training and assessment purposes.

However, when the assessors use linguistic descriptors, such as excellent, very good,
good, fair or poor, to evaluate an attribute (e.g. knowledge, skills, and/or attitude), it is usually
ambiguous as such descriptors are not easily measured and cannot be expressed accurately
using typical binary methods. In order to deal with these imprecise and uncertain data, a fuzzy
comprehensive evaluation method is incorporated in this research. This method is based on
fuzzy set theory, which deals with the determination and inclusion of possible ‘true’ values in
a scale, developed by Zadeh (1965) and subsequently and consistently used by other
researchers, such as Lasunon, (2019), Chen et al. (2015), and Sudhagar and Ganesan (2011).
As an example, consider a situation where a performance is assessed as “good” if the total time
to finish a certain task in VR environment in less than or equal to 10 minutes. If the binary
method is used to evaluate performance, then the value of 10.1 minutes is not considered as
“g00d”. But, by using fuzzy comprehensive evaluation method the value of 10.1 minutes will
be evaluated to some degree of “good”. The degree of membership is directly connected to the
closeness of the given value to the predetermined value of the term “good”.

As the process of evaluating knowledge or performance skills in IVR-based
environment can be challenging without an appropriate assessment structure, the objectives of
this study are (1) to develop a framework of assessment guidelines for the evaluation of
expertise in immersive learning environments through the application of appropriate
methodology; and (2) to evaluate the utility of the developed assessment framework in IVR

environment through realistic case study.

4.2. Expertise Development

In establishing the assessment framework, reference must be made to the level of
knowledge and skills of experts of each respective field. Experts are skilled individuals who are
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essential in the orderly operations of highly complex industries and services, such as chemical
(Nazir et al., 2012), surgical (Ghaderi et al., 2021) and dental (Lyon, 2014) fields. However,
producing the desired number of skilled professionals in these industries requires a very long
and costly training processes. Identifying and distinguishing the representative features, such
as cognitive, technical, and other competencies, of these skilled professionals is important for
the creation of effective training method that can maximise the ability to train more skilled
professionals in a shorter period of time. Thus, it is critical to understand the acquisition and
development of the desired knowledge, skills, and/or attitudes by the skilled professionals and
novices in the workplace using well-established expertise development theories (Persky &
Robinson, 2017).

Research on behavioural and cognitive differences between skilled individuals and
novices began during the 1960s and it is a well-studied phenomenon especially in the field of
psychology and training literature (Attri, 2019; Ericsson et al., 2006). Since then, several studies
on expertise development and skill acquisition theories that describe the path as well as the
corresponding developmental activities from novice to skilled individual have been developed,
implemented, and evaluated (Grenier & Kehrhahn, 2008).

Categorising users into only two extreme categories, novices and experts, leaves the
developmental process unclear. The ambiguity in only using two categories makes it difficult
to identify the breadth of knowledge and skills of each incremental step towards expertise. Thus
a number of authors, such as Alexander (2003) and Nichols (2009), developed and used a multi-
stage model of expertise development, including a middle stage(s), in educational and learning
context (Alexander, 2004).

One model in particular, the Dreyfus model, has been reviewed, validated, and
continuously used by many researchers in various fields such as clinical (Pefia, 2010), nursing
(Benner, 1982), and engineering (Albers et al., 2012). As a widely-used expertise development
framework, researchers, such as Farrell (2012), Hall-Ellis and Grealy (2013), and Hunt and
Weintraub (2007), find that the Dreyfus model significantly and adequately captures the
incremental and procedural advancement of a novice towards becoming an expert. In this
model, one progresses through five stages of proficiency in skills acquisition: from novice to
advanced beginner, competent, proficient, and finally to expert (Dreyfus, 2004; Dreyfus &
Dreyfus, 1987). This five-stage approach provides a more intricate system to delineate generic
skills to more specific learning experiences (Farrell, 2012). The Dreyfus model is based on the
idea that the skill acquisition of an individual is a continuous process. As a learner passes each
stage of qualitatively and/or quantitatively different insights of the skill and/or mode of decision

making, there will be a gradual shift toward higher proficiency, for example becoming more
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intuitive or acquiring situational awareness. Table 4.1 summarises the characteristics of the

different competency levels of an individual.

Table 4.1. Characteristics of different competency levels of an individual (Dreyfus, 2004;
Dreyfus & Dreyfus, 1987).

Competency level Characteristics
Novices can only perform their tasks by following a set
of guidelines. Thus, they have little situational
Novice perception and behave with restricted judgment. When
confronted with complicated tasks, they need close
supervision.
At this level, the advanced beginner has some
appreciation of specific details about learning but still
has limited situational perception. They are developing
an ability to evaluate relevance of information but may
Advanced Beginner still tend to rely on guidebooks. As such, they provide
limited answers to unusual or complicated tasks since
they do not always realise the possible results. They can
perform regular sequence of tasks under indirect
supervision, but still need it for complicated tasks.
Competent individuals start to see how actions may
affect long-term results. They can organise and assess
the circumstances to concentrate on important details.
They perform deliberate planning, understand
procedures by experts, and can adapt to new settings.
They can perform complex analytical tasks and
planning but still need supervision for non-routine
complicated tasks.
Individuals at this level are more accountable and
confident and can deal with complicated scenarios
holistically. They comprehend with clarity good and
relevant information to resolve problems. At this stage,
they are beginning to develop intuitive judgment and
solve problems based on prior knowledge. Proficient
individuals understand rules, theories, and alternatives
more deeply.
Experts are better in decision-making through intuitive
reasoning. They use analytical approaches in adapting
to new situations, and they no longer rely on policies
Expert and procedures. They have a sense of responsibility for
themselves, others, and the environment while
envisioning the overall picture and possible
alternatives.

Competent

Proficient

The abovementioned developmental characteristics can be seen as the results of a
successful transformation of four areas of mental functions, namely - components (i.e. the

contextual features of a scenario that learner can recognise), perspective (i.e. the ability of the
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learner to choose the most significant trait of a scenario), decision (i.e. the ability of the learner
to choose between analytical and intuitive reasoning on a given scenario), and commitment (i.e.
the degree to which the learner feels accountable when understanding and making judgement),
which are correlated to the transformations per skill level (Dreyfus, 2004; Dreyfus & Dreyfus,
1987).

Experts accomplish their tasks by exercising context-free and situational problem
solving (Dreyfus, 2004; Dreyfus & Dreyfus, 1987). They are also more experienced, intuitive,
and involved in their functions, possess wider perspective, as well as enhanced decision and
commitment functions in the skill hierarchy (Dreyfus, 2004; Dreyfus & Dreyfus, 1987). As
such, many institutions use the behaviours and characteristics of experts as foundation and
reference in designing training instructions (Ericsson et al., 2006). In designing the assessment
framework using the experts as reference, the traits of experts are characterised and scaled into
several components which may be measured and grouped into several levels. These levels are
intended to be emulated by non-experts in order for them to progress towards expertise. For
instance, in achieving superior working memory of learners, it is important to create scenarios
which place more emphasis on identifying how the information correlates with broader
concepts rather than only memorising specific facts or procedures. The variables to indicate the
expertise level may be evaluated using qualitative methods, such as peer-evaluation, and
quantitative methods, such as formulating criteria corresponding to number of mistakes within
a certain time frame (Loh & Sheng, 2013; Unsworth, 2001).

Both qualitative and quantitative analysis allow tracking of improvement and/or
worsening of the performance of the trainees through on the Dreyfus model. Since the success
or failure of evaluating the levelling up process of the learner depends on gathering and
selecting useful information from the given data, it is important to develop and incorporate a
tool capable of extracting, organising, and quantifying actual performance data of the trainees

in a specific training.

4.3. Evidence-centred design

The Dreyfus model provides guidance on what concepts trainees are expected to know
and what practices trainees are expected to be able to demonstrate within a certain stage
(Dreyfus, 2004). However, the model does not define detailed examples of the model-aligned
curricula and assessments especially in IVR environment. Since every collected piece of
information in the IVR environment (e.g. mistakes committed, total task duration, hints
received, etc.) must be aligned with real-life learning and assessment, it is important to develop
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a valid performance-based assessment for hard-to-measure constructs (e.g. knowledge and
skills). These constructs must accurately assess how trainees use complex competencies that
are directly relevant to the skill acquisition model of the real world.

While there are models that relates collected data and information to relevant assessment
constructs, such as task-centred approach, several authors, such as Snow et al. (2010), Cukurova
et al. (2017), and Oliveri et al. (2019), prefer and used ECD as it allows the collection of
relevant information from performance data (observable data) and relates these to theoretical
(unobservable) constructs through evidentiary arguments (Mislevy et al., 2003). This is
important for accountability purposes of the stakeholders involved (Zieky, 2014). ECD also
provides a blueprint for designing and redesigning assessment frameworks that may be utilised
in diverse settings (Mislevy et al., 2017). It also allows the gathering of various types of data
and thus increases the reliability and validity of the assessment during the test design and
development process (Zieky, 2014). Furthermore, ECD is flexible as it can be used for various
purposes, for example formative, summative assessments, and for assessing various types of
learner attributes (Snow et al., 2010). In this context, the incorporation of the ECD in the
assessment framework will allow an accurate method for measuring complex competencies in
the IVR environment.

As ECD requires the development of an evidence model to assess and relate measurable
attributes to the proficiency of the learners, it is necessary to create a detailed and robust coding
system or scoring rubrics to understand the context of the tasks and avoid subjective judgments
(Mislevy et al., 2017). Further, ECD requires flexibility as to the rigid application of data
collection structure and the probability of including other data which may be a potential source
of relevant information. (Mislevy & Haertel, 2007; Mislevy & Riconscente, 2005). In general,
ECD may be time-consuming and requires additional detailed steps. However, its benefits in
providing accurate, valid, and relevant assessment for 215 century competencies far outweigh
the apparent disadvantages (Zieky, 2014).

Primarily, ECD involves the collection of essential information about the subject that
has a direct relation to the assessment of the skills or mastery of a person, or lack thereof. This
will then require the conceptualisation of the assessment argument to link the gathered
information to the skills being assessed. Afterwards, the conceptual assessment framework
(CAF) shall be created to serve as blueprint for tasks, evaluation procedures, and measurement
models (Mislevy & Haertel, 2007).

Some components of ECD framework must be given more importance than others
depending on the training environment and its objectives (Mislevy et al., 2003). In IVR

environment, the simulation of a real-world scenario must have a deliberate design, in order to
72



collect relevant evidence as to the trainee’s competency. Thus, in this platform, the framework
must primarily identify its goal and purpose in order to define the competencies necessary to
evaluate whether or not such purpose was achieved. Corollary, the framework must establish
the variables and their levels, measurable in the IVR environment, corresponding to the
competencies.

To complete the assessment framework design in the IVR environment, it is necessary
to review existing literature and interview field experts to analyse cognitive tasks vis-a-vis
measurement of competencies. Through such activities, scenarios, involving various problems
and situations trainees realistically deal with, will be specifically designed to elicit data and
information. The data and information that are gathered in the training must be correlated,
organised, and designed to measure and evaluate the trainees through their specific
characteristics (competency model), what manifested through their statements and actions

(evidentiary model), and how they acted in each task (task model).

4.4. Fuzzy comprehensive evaluation model

The aim of fuzzy comprehensive evaluation model is to provide further delineation
between each of the competencies in an IVR-based training in order to arrive at a set of
categorical evaluation/appraisal ratings. The fuzzy comprehensive evaluation model is
established through the following steps (Chen et al., 2015). The first step involves the
establishment of the evaluation index system which is represented by a competency factor set
U = {uy, Uz, -, un} consisting of the factors that have a significant impact to the user performance
in IVR-based training system where n is the number of the factors (Chen et al., 2015).

The second step is the determination of the set of evaluation/appraisal grades (Chen et
al., 2015). These evaluation/appraisal grades are represented as a vector V = {vi, Vo, -, Vm}, in
which m represents the number of stages in the appraisal/evaluation standards (Chen et al.,
2015). Generally, the evaluation/appraisal grade for each stage will be determined by an expert
panel.

The third step involves the creation of the fuzzy evaluation matrix, R (Chen et al., 2015).
Typically, a fuzzy subset R; in a competency factor set U is represented as R; = (751, 7i2, ***» Tim)
where 14,745, -+, i COrrespond to the degree of membership of the i-th factor while m
represents the number of stages in the appraisal/evaluation standards and r;; + 1, + -+ + 13, =
1 (Chen et al., 2015). After establishing the individual fuzzy subsets of all factors in U, then it
is possible to establish the fuzzy evaluation matrix R (Equation 4.1) expressed as the

interrelation between the factor set U and the evaluation/appraisal set V (Chen et al., 2015). In
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order to determine the membership function of each factor and the fuzzy evaluation matrix R,
several geometric mapping functions such as triangular or trapezoidal mapping functions can
be used (Liu et al., 2020).

R4
-l

Ry

1 = Tim
=[£ ] Equation 4.1

Th1 " Tam

The fourth step involves the creation of the weight vector W consisting of weights of
evaluation factors in a competency factor set U (Chen et al., 2015). For instance, the weight for
n competency factors can be represented by the vector W = (w1, Wo, -+, Wn) where Wi, Wz, **, W
are weights of n competency factors, n is the number of factors and w; + w, + -+ w, =1
(Chen et al., 2015). To obtain a comprehensive evaluation, the relative importance of each
competency factor in the overall grading should be quantified. The weight vector can be
formulated through pairwise comparison method, ranking method, point allocation method, or
mean weight method (Ma et al., 2010; Odu, 2019).

The last step involves the establishment of the overall appraisal result (Chen et al.,
2015). Through taking into consideration the weights of evaluation criteria, the overall appraisal
result can be obtained. The evaluation vector B is calculated using the formula B = W°R =
(by, by, -+, by,) where, W is the weight vector, R is the fuzzy evaluation matrix, and
by, by, -+, b,, represent the comprehensive membership degree values to each

evaluation/appraisal standard (Chen et al., 2015).

4.5. Proposed assessment framework

This assessment framework involves the development of competency-based assessment
rubrics in the IVR setting (Stage 1), the validation of the developed assessment rubrics (Stage
I1), and the evaluation of overall user performance score (Stage I11). Figure 4.1 shows the flow

of the assessment framework in IVR setting.
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Stage I — Creation of assessment rubrics

Part 1 — Determination of assessment competencies (Evidence-centred design)

+ Collection and analysis of information

+ Organisation of information

+ Creation of competence, evidence, and task models based on the assessment
argument

Part 2 — Determination of expertise levels (Dreyfus model)

» Creation of labels used to describe the levels of expertise
» Creation of corresponding description for each level of expertise at each competency

Stage II — Validation of assessment rubrics (Focus group discussion)

* Selection of suitable experts using a non-probability sampling method
* Acquisition of consensus within experts through discussion

Stage III — Evaluation of overall user performance score
(Fuzzy comprehensive evaluation method)

» Establishment of fuzzy relation to quantify elements which have unclear limits

Figure 4.1. Proposed flow of the framework of user expertise evaluation in I\VVR setting.

In order to establish the competency-based assessment rubrics in IVR setting (Stage 1),
this study employed a combination of several methodologies such as the ECD model, and the
Dreyfus model. The ECD methodology was integrated to identify the appropriate competencies
to be rated and to organise evidentiary interrelations between the chain of reasoning and the
collected information in IVR environment, while the Dreyfus model was adopted to create a
baseline for identifying the current level of expertise of a trainee and to determine the
appropriate instructions or feedback for the needs of the trainee (Dreyfus, 2004; Mislevy et al.,
2003).

To verify the authenticity of the developed IVR-based assessment rubrics (Stage I1),
this study used a focus group discussion with a group of experts to explore their views on a
particular topic and to draw a group consensus (O.Nyumba et al., 2018). After validation, the
overall user performance score is evaluated using a fuzzy comprehensive evaluation method.
The developed assessment framework was implemented in the TVR training called ‘Operate
Your Own Reactor’ (OYOR) (Tehreem et al., 2022).
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4.6. Case Study — IVR training for production of n-butyllithium (n-BuL.i)
4.6.1. Overview of the prototype

This study aims to integrate the proposed assessment framework in ‘Operate Your Own
Reactor’ (OYOR), an IVR-based safety training system on the operational procedures and/or
processes of the production of n-butyllithium (n-BuLi or n-CsHoLi) (Garcia Fracaro et al.,
2021). OYOR (Figure 4.2) was created in Unity3D software along with XR toolkit for enabling
VR interactions of operators to a simulated chemical plant. It runs on the Oculus Quest virtual
reality head mounted display with Oculus Touch controllers and it is available in English,
French, and German (Tehreem et al., 2022). OYOR was created by four PhD students from
different universities including the author of this thesis. The other students used OY OR to study
how the VR technology can improve learning outcomes, to explore the use of VR for the
advanced training of employees, and to understand the effectiveness and efficiency of VR
training when applied to actual industrial operations. The overall contents as well as the design

of OYOR were developed in collaboration with industrial experts to ensure authenticity.

(a) (b)

(c)

Figure 4.2. VR environment of the IVR-based training system used (a) 1st floor (b) 2nd floor

and (c) 3rd floor.
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The entire training takes approximately 60 minutes to complete, and consists of four
steps: preparation, set-up, reaction, and extraction, which comprise 24 tasks of the n-BuL.i
production procedure (Figure 4.3) (Tehreem et al., 2022). In order to verify whether the
intended learning outcomes for every task and/or sub-task were achieved, operators need to
demonstrate several skills such as how to operate and choose correct action from the computer
screen, how to perform electrical grounding of an equipment, how and when to open or close
certain valve, etc. in the IVR environment. In order to ensure that the users were comfortable
and the side-effects of the usage of VR-HMD devices were minimised for more sensitive users,

they were given an option to take a break after finishing each of the four steps.

Step 0 Step 1 Step 2 Step 3
(Preparations) (Set-up) (Reaction) (Extraction)

Note:

Step 0.1 Step 1.1 Step 2.1 Step 3.1
Inertization process reactor Establlshmg hose connection Chlorobutane in heptane Verifying ﬂ.]e end of
and adding n-heptane IBC1 reaction
Step 0.2 Step 1.2 Step 2.2

Inertization and grounding
of solid container and IBC1

Establishing connection and
adding metallic lithinm

Disconnecting hose
connection

Step 2.3
_ Step0.3 Step 1.3 vep -
Checking position of manual Temperature control Inertization and
valves P grounding of of IBC2
Step 1.4
. . . Step 2.4
B: S_‘PP ':r4 Adding Raw material n- Tem eraetl:n'e control
asic settings Leptane p
Step 1.5 Step 2.5
Disconnecting hose Chlorobutane in heptane
connection 1IBC2
IBC1 and IBC2 — Liquid Containers
IBC3 — Product Container Step 2.6
Step 1.6

Turning on the condensator

Disconnecting hose
connection

Step 3.2
Temperature control

Step 3.3
Inertization and
grounding of IBC3

Step 3.4
Connecting pump, filter
and IBC3

Step 3.5
Setting the air pressure
of the pump and opening
bottom valve

Step 1.7
Setting the speed of the
stirrer

Step 2.7
Stir for 2 hours

Training Phase

Evaluation Phase

Figure 4.3. Procedural Layout of the IVR-based n-BuL.i training system used.

Two types of interactions were implemented in this IVR-based training system: (1)
actual interaction with the tools inside the VR environment, and (2) control of the reactor
through a computer screen inside the VR environment (Tehreem et al., 2022). As this IVR-
based training was designed to ensure that the users can demonstrate and make use of their prior
knowledge (e.g. how and when to connect/disconnect hosepipes, how to verify certain condition

in IVR environment, etc.) they learned in subsequent n-BuLi production procedure, the first
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three steps, namely the preparation, set-up, and reaction were assigned as a ‘training phase’
(Figure 4.4). During this phase, users received detailed instructions and offered an automatic
built-in support in a form of hints which directed learners to make correct actions. The last step,
extraction, was assigned as an ‘evaluation phase’ (Figure 4.5), where the instructions were

provided in a general way and hints were provided when requested by the users.

Procedure Board

Step 0. Preparation

Step 0.3 Checking position of manual valve

Qpen the ball valve of a reactor Valldate
(2nd floor) a

<--{For help, see left)

Procedure Board
Hints and Help Step 3. Extraction

m | Step 3.1 Verify the end of the reaction
I varify: AT = (0.1 - 0.2)

3.1.1 Verify AT condenser in AMAL1
AT=0°C Validate

3.1.2 Verify that there is no liquid in the liquid
separator

3.1.3 Check formation of BuLi: Look inside the
reactor and verify white liquid.

Figure 4.5. Screenshot of the instructions and hints in the evaluation phase.

4.6.2. Walkthrough the application of IVR-based assessment framework

As the goal of the prototype is to measure user performance and to gauge the
competency level of the trainees, the actions of a trainee are recorded in a form of easily
retrievable files during the session. In order to create an automated process of measuring

competency level of the trainees for operational and safety procedures during n-BuLi
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production, the framework of user expertise evaluation described above, was employed as

explained in the sub-sections below.

4.6.2.1. Creation of assessment rubrics

It is important to develop assessment rubrics to accurately measure and evaluate user
performance criteria such as knowledge, skills, and/or attitude. Rubrics are assessment tools,
often in a form of a matrix, that can help trainers to come to a similar conclusion about
construction of certain performance criteria based on the scaled levels of mastery/expertise
development that are indexed to an appropriate standard (Allen & Tanner, 2006). Typical
rubrics are composed of three elements (Brookhart, 2013). The first element are the criteria
used to enumerate and describe the characteristics to be rated (e.g. knowledge, skills, and/or
behaviour). The second element are the standards used to categorise the levels of expertise
development. The last element are the descriptors which provide a detailed characterisation of
each criterion at each standard.

Since the success or failure of assessment rubrics in IVR setting depends on gathering
and selecting the relevant information from the given log data, it is important to establish the
means of collecting valid information and providing a substantial argument that connects what
trainees do, say, or create in a given scenario. In order to formulate a list of qualities that the
trainees should demonstrate so it is possible to evaluate their progress in the hierarchy of skills
based on the pieces of evidence from task performances in IVR, ECD is adopted in this research.

The ECD consists of three models namely a competency model, an evidence model, and
a task model. These models are designed to address a series of questions that are crucial in any
assessment design. The competency model identifies and defines trainee-related variables (e.g.
knowledge, skills, etc.), the inclusion of which are justified by conducting a literature review
and/or series of brainstorming activities (Mislevy etal., 2003). In building a competency model,
it is important to specify the variables clearly in order to establish their interrelationships. As
Tynjéla (2008) argued, theoretical knowledge (i.e. knowledge of particular facts), practical
knowledge (i.e. procedural knowledge of how to perform task or simply as skills), and self-
regulative knowledge (i.e. knowledge guided by metacognition, strategic action, and motivation
to learn) are the three basic elements that are closely interrelated in the development of
professional expertise. Through brainstorming and categorising every essential variable in the
IVR environment, it is possible to create a blueprint about targeted aspects of capabilities. Table

4.2 shows the proposed competency model for the evaluation phase of the OYOR prototype.
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Table 4.2. Proposed competency model for the evaluation phase of the OYOR prototype

describing specific learning outcomes of the training.

Variables Learning outcomes

To demonstrate how to connect/disconnect a hosepipe to a given
equipment.
To demonstrate how to perform grounding of a given equipment.

Practical To demonstrate how to open/close a ball valve.

knowledge To verify the given condition in the IVR setting.
To demonstrate how to choose a correct action in the main computer
screen.
To solve the given level in a minimum timeframe.

Self-regulative

knowledge To solve the given stage with minimum help/hints

The execution of a specific task significantly contributes to provide evidence of the
performance of a trainee vis-a-vis his/her target competency. Hence, the task model in the
assessment framework identifies what activities, including their specific features and
conditions, should be performed to assess the competencies of trainees (Mislevy et al., 2003).
A task model is composed of various tasks designed to establish, among others, what the learner
will be asked, the kind of response they are allowed, and the type of formats available. For
instance, the verification of the end of the n-BuL.i reaction process involves three sub-tasks
namely verifying the temperature change in AMAL1 tank, verifying if the reflux ended, and
verifying the formation of n-BuLi. Moreover, each sub-task contains specific actions that would
help assess the behaviours and the performance of the trainees. The detailed list of tasks during
the evaluation phase, as well as the proposed task model for the OYOR prototype, are shown
in Table 4.3.

Table 4.3. Proposed task model for the evaluation phase (Main Task 4 — Extraction) of the
OYOR prototype.

. . i Instrument
Main tasks Sub-tasks Specific actions Involved
e Search for the AMAL1
Complete the task of panel on the control
verifying the monitor. Control
C | Il task temperature change e Observe the screen and screens
ofO\r/T(]aFr)ifi}(ienZ t;?ese; q in AMAL1 tank. check if the temperature
" change is 0 °C.
of reaction. —
(3.1) e Search for the liquid
Complete the task of separator. Liquid
verifying if the e Observe the separator separator

reflux ended. and check if the liquid
stops flowing
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Complete the task of
verifying the
formation of BuL.i.

Search for the main
reactor.

Observe the inside of
the reactor through the
glass and check if white
liquid is present.

Reactor

Complete the task
of temperature
control.

(3.2)

Complete the task of
performing action on
the control screen.

Search for the ALAC1
panel on the control
monitor.

Click the drop box
option under inner
temperature and set to
“20 °C”

Choose the start button
and click it.

Control
screens

Complete the task
of Inertisation.
(3.3)

Complete the task of
IBC3 container
connection.

Search for the IBC3
container on the VR
environment.

Search for the nitrogen
pipe source and connect
to the designated area.
Search for the exhaust
air pipe source and
connect to the
designated area.

Search for the electrical
grounding source and
connect to the
designated area.

Search for the level
indicator and connect to
the designated area.

IBC3
container

Complete the task
of grounding and
connecting
pump/filter.

(3.4)

Complete the task of
connecting clamp for
electric charges.

Search for the filter in
the VR environment.
Search for the electrical
grounding source and
connect to the
designated area (Filter).

Filter

Complete the task of
connecting clamp for
electric charges.

Search for the pump in
the VR environment.
Search for the electrical
grounding source and
connect to the
designated area (Pump).

Pump

Complete the task of
connecting hose
from the reactor and
to the pump.

Search for the hose
Connect the hose to the
reactor and to the pump
Search for the location
of the ball valve
connecting pump and
filter

ball valve

Hose pipe and
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Turn on the ball valve

Complete the task of
connecting the hose
from pump to the
filter.

Search for the pipe/hose
source

Connect the hose from
pump to the filter
Search for the location
of the ball valve
connecting pump and
filter

Turn on the ball valve

Hose pipe and
ball valve

Complete the task of
connecting the hose
from filter to IBCS3.

Search for the hose
Connect the hose from
filter to IBC3

Search for the location
of the ball valves
connecting filter and
IBC3

Turn on all ball valves

Hose pipe and
ball valve

Complete the task of
ACHG1 to docking
station of IBC3.

Complete the task
of air pressure
setting for the
pump.

(3.5)

Search for the ACHG1
panel on the control
monitor.

Click the drop box
option under Receiver
and set to “AAC71”.
Click the drop box
option under Operation
mode and set to
“Empty”.

Choose the start button
and click it.

Search for the AAC71
panel on the control
monitor.

Click the drop box
option under Operation
mode and set to “befull
reaktor”.

Control
screens

Complete the task of
opening valve
(digitally) using
ACHGL.

Search for the ACHG1
panel on the control
monitor.

Click the drop box
option under Sollwert
(set point) and set to
“100%”.

Choose the start button
and click it.

Control
screens

Complete the task of
activating air supply
to pump from
ACFAL.

Search for the ACFA1
panel on the control
monitor.

Control
screens
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e Search for the valve
“PR21 ACFALl
MFHO1” and select
open.

The evidence model acts as an intermediary to interrelate the competency and task
models (Mislevy et al., 2003). It shows how the outcomes of the actions that come from the
interaction of the trainees with a given task are converted to observable variables, and it shows
how these observable variables convey some information about the target criterion. Table 4.4
shows the relationship between several competences, evidence, and tasks for the evaluation

phase of the OYOR prototype.

Table 4.4. Relationship between various competences, evidence, and tasks for the evaluation

phase of the OYOR prototype.

Competence Evidence Task

e Search for the “ ”” hosepipe and
connect/disconnect to the designated
area.

Practical e Number of e Turn on/off the “ ” valve.
knowledge mlstak_es o Verlfy”the I!qmd is flowing into the
committed «“ equipment.

e Search for the ” on the control
screen and perform the correct
action.

Practice * Total time of e Complete Level tasks
knowledge completion P — '
Self-regulative Number of hints e Complete all tasks in Level __ with
knowledge requested least number of hints.

After identifying the list of criteria through the ECD framework, the standards (or
levels) of expertise development need to be separately categorised and described. As most
training designers face the challenge of developing a curriculum that explains how trainees
move up from one level to another, this study adopted the Dreyfus model to categorise the
levelling up process of trainees. Through creating suitable expertise development scheme for
employees training during n-BuLi production, it will be easier for the trainers to determine the
current level of expertise of their trainees and to develop the appropriate guidance needed for
them to move to the next level.

Once the identification of the important criteria as well as the level of expertise

development are completed, it is possible to develop the assessment rubrics with a detailed
83



description of each criterion at each level of expertise development. Although benchmarking
the specified level of expertise development is a challenging process, this task may help to guide
trainees toward an insight that the assessment rubrics epitomise the principles of a line of work.

The categorisation of the Dreyfus model, as applied in this study has some variations
from the original model (refer to Table 4.5). In the original Dreyfus model, as discussed in
Chapter 4.2, the trainee moves up from a novice to expert level, with the expert defined as
someone who is better in decision-making and has better sense of responsibility. This would
normally apply in large areas of discipline relevant skills’/knowledge, where the decision-
making and sense of responsibility need to be practiced at higher level. Arguably, the scope of
this study in its application in OYOR IVR-based training programme limits the ‘responsibility’
of the operator to taking the right sequence of actions at the right time. Thus, while this study
uses the same labels as the original Dreyfus model (“novice”, "advanced beginner”,
“competent”, "proficient”, and “expert”), they do not, strictly speaking, correspond to the same
characteristics. However, the use of an easy-to-understand feedback system (e.g. same labels
as the Dreyfus model) is beneficial to the trainees in order to motivate them to perform better
prospectively, in reference to their past performance (Gallagher et al., 2022). It is expected that
once a trainee successfully completed the OYOR programme as an expert (or “competent” in
the original Dreyfus model), such person may be qualified to be deployed as an operator in the
specific chemical plant. It has to be noted, however, that under certain circumstances, e.g.
particularly safety critical operations, it is essential that a trainee performs the tasks faultlessly.
This can be easily accommodated by redefining the classification boundaries (e.g. a trainee
would be classified as an expert only if the procedure was carried out without a single mistake
and in a required timeframe). Whilst this was not the case in the OYOR case study, which
served as a demonstrator in this thesis, the proposed framework is easily adapted to the
requirements of a particular application.

Table 4.5. Original Dreyfus model vis-a-vis the Dreyfus model as applied in the OYOR VR

training programme.

Original Dreyfus model (Dreyfus, 2004;

Dreyfus model as applied in OYOR
Dreyfus & Dreyfus, 1987)

Novice Novice
e Novices can only perform their tasks e Novice requires close supervision
by following a set of guidelines. and assistance to perform their tasks.
Thus, they have little situational To perform without supervision, they
perception and behave with require a specific set of guidelines.

restricted judgment. When

84



confronted with complicated tasks,
they need close supervision.

They have little situation perception
and behave with restricted judgment.

Advanced Beginner

At this level, the advanced beginner
has some appreciation of specific
details about learning but still has
limited situational perception. They
are developing an ability to evaluate
relevance of information but may
still tend to rely on guidebooks. As
such, they provide limited answers to
unusual or complicated tasks since
they do not always realise the
possible results. They can perform
regular sequence of tasks under
indirect supervision, but still need it
for complicated tasks.

Advanced Beginner

Advanced Beginner in OYOR
environment is equivalent to an
“apprentice” in industry standards.
An advanced beginner requires
supervision from time to time to
ensure that their tasks are completed
according to standards. For
complicated tasks or unusual
situation, they still require close
supervision.

Competent

Competent individuals start to see
how actions may affect long-term
results. They can organise and assess
the circumstances to concentrate on
important details. They perform
deliberate planning, understand
procedures by experts, and can adapt
to new settings. They can perform
complex analytical tasks and
planning but still need supervision
for non-routine complicated tasks.

Competent

Individuals at this level are
considered “advanced beginner” in
the Dreyfus model. These
individuals have appreciation of
specific details about learning but
still have limited situation
perception. They are developing an
ability to evaluate relevance of
information but may still tend to rely
on guidebooks. As such, they
provide limited answers to unusual
or complicated tasks since they do
not always realise the possible
results. They can perform regular
sequence of tasks under indirect
supervision, but still need it for
complicated tasks.

Proficient

Individuals at this level are more
accountable and confident and can
deal with complicated scenarios
holistically. They comprehend with
clarity good and relevant information
to resolve problems. At this stage,
they are beginning to develop
intuitive judgment and solve
problems based on prior knowledge.
Proficient individuals understand
rules, theories, and alternatives more
deeply.

Proficient

Proficient individuals in OYOR
environment are normally considered
“qualified” in industry standards.
Neitzel (2018), stated that a qualified
person is an individual had training
and knowledge to perform a specific
task. Citing Occupational Safety and
Health Administration (OSHA), he
noted that an individual may be
considered qualified in one specific
task, such as operating a particular
equipment, but not necessarily to
another related task (e.g. other
equipment) (Neitzel, 2018). While
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they have an understanding of
relevance of their tasks, they do not
yet have the foresight to understand

their long-term effects.

Expert

Experts are better in decision-making
through intuitive reasoning. They use
analytical approaches in adapting to
new situations, and they no longer
rely on policies and procedures.
They have a sense of responsibility
for themselves, others, and the
environment while envisioning the
overall picture and possible
alternatives.

Expert

e Experts in this study are considered
“competent” in the Dreyfus model.
Competent individuals start to see
how actions may affect long-term
results. They can organise and assess
the circumstances to concentrate on
important details. They perform
deliberate planning, understand
procedures by experts, and can adapt
to new settings. They can perform

complex analytical tasks and
planning but still need supervision
for non-routine complicated tasks.

Assessment rubrics give trainers a structured means to decide at what level of expertise
a trainee is currently and to determine what type of task, instruction, and/or feedback they need.
In the OYOR setting, for instance, an individual must complete the task without relying on the
hints in order to move from proficient to expert. Table 4.6 shows the proposed assessment
rubrics for the progression of an individual from novice to expert for the evaluation phase of

the OYOR prototype.

Table 4.6. Proposed assessment rubrics for determining the current level of expertise for the

evaluation phase of the OYOR prototype.

Description
Criteria Novice Advgnced Competent Proficient Expert
Beginner
Number of Complete Complete Complete Complete Complete
mistakes the task with the task with the task with the task with the task
(action) more than 6-10 3-5 1-2 without
committed 10 mistakes. mistakes. mistakes. mistakes. mistakes.
Take more  Complete Complete Complete Complete
than 10 the task the task the task the task
minutes within 6-10  within 3-5 within 1-2 ahead of the
comparedto minutesof  minutesof  minutesof  expected
Total time of  expected the expected the expected the expected time per
completion time to time. time. time. scenario.
complete
the task, or
does not
complete
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Complete

Number of the task with Complete Complete Complete Complete

the task with the task with the task with the task

NS e MeheP O thehelpof  thehelpof  the helpof  without
9 10 hints 6-10 hints. 3-5 hints. 1-2 hints. using hints.

4.6.2.2. Validation of assessment rubrics

Since the formulated assessment rubrics for IVR environment must be comparable with
what is being used in the real world, it is important to verify the developed IVR-based
assessment rubrics in order to gauge their ability to provide sufficient and clear interpretations,
conclusions, and recommendations related to the learning and development of trainees. For this
study, the validation of assessment rubrics was conducted through an online group discussion
using Microsoft Teams with four experts, health and safety trainers and supervisors, working
at MERCK KGaA. This is an international science and technology company located in
Darmstadt, Germany and an industry beneficiary of the Horizon 2020 funded European
Training Network for Chemistry Engineering Immersive Learning project (Grant Agreement
812716). Before conducting the validation process, ethics approvals were obtained from the
Ethics Committee at the university as well as at the industrial partner institution. All expected
ethical procedures were followed during the online group discussion.

The discussion process began with presenting the prototype as well as the proposed
assessment rubrics. The experts then provided feedback on the assessment rubrics. For instance,
the experts recommended that for the evaluation phase, instead of collecting and presenting the
total number of mistakes, it would be more beneficial if the system could present this
information in such a way that both the users and the trainers know where the mistakes occurred,
i.e., collecting mistakes based on the action they did on computer screen, opening/closing
valves, and connecting/disconnecting hose. After considering the expert recommendations, the
updated version of the assessment rubrics for determining the current level of expertise from
step 3.1 to step 3.5 of the evaluation phase are shown in Table 4.7, Table 4.8, Table 4.9, Table
4.10, and Table 4.11, respectively.

Table 4.7. Assessment rubrics for determining the current level of expertise for the step 3.1 of
the evaluation phase.

Description

Main o
criteria Sub-criteria Novice Advgnced
Beginner

Competent Proficient Expert
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Complete

Number of the task Complete Complete Complete Complete
mistakes with more the task the task the task the task
(Visual with 6-10  with 3-5 with 1-2 without
e - than 10 . . . .
verification) . mistakes.  mistakes.  mistakes.  mistakes.
mistakes.
Practical Take more
knowledge than 11.51 Complete Complete  Complete  Complete
Total time of minutes to  the task the task the task the task in
completion complete within 6.51 within 3.51 within 1.51 less than or
P the task, or —11.5 -6.5 -35 equal to 1.5
does not minutes. minutes. minutes. minutes
complete
Complete  Complete Complete  Complete Complete
Self- Number of  the task with the task the task the task the tapsk
regulative hints the help of  with the with the with the without
knowledge requested more than 3 helpof3  helpof2  helpofl . .
. . . ) using hints.
hints. hints. hints. hint.

Table 4.8. Assessment rubrics for determining the current level of expertise for the step 3.2 of

the evaluation phase.

Main Sub- — Description
criteria criteria Novice . Competent  Proficient Expert
Beginner
Ngmber of  Complete Complete  Complete  Complete  Complete
mistakes the task
(Control with more th_e task th_e task th_e task th_e task
with 6-10  with 3-5 with 1-2 without
screen than 10 ) . . .
. mistakes.  mistakes.  mistakes.  mistakes.
work) mistakes.
Practical Tak
knowledge chnelrgosrf Complete  Complete  Complete  Complete
Total time minuteé o the task the task the task the task in
of complete the within 5.51 within 2.51 within 0.51 less than or
completion P -10.5 -55 -25 equal to 0.5
task, or does _: ) ) .
minutes. minutes. minutes. minutes
not complete
Complete Complete  Complete  Complete Comblete
Self- Number of the task with the task the task the task the taik
regulative hints the help of  with the with the with the without
knowledge requested morethan3 helpof3  helpof2 help of 1 . .
. ) ) ) using hints.
hints. hints. hints. hint.

Table 4.9. Assessment rubrics for determining the current level of expertise for the step 3.3 of

the evaluation phase.

Main
criteria

Description

Sub-criteria

Novice

Advanced
Beginner

Competent

Proficient

Expert
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Complete

Complete Complete Complete Complete
NL_meer of th_e task the task the task the task the task
mistakes with more ) ) ) .
o with 6-10  with 3-5 with 1-2 without
(Inertisation) than 10 . . ) .
. mistakes.  mistakes.  mistakes.  mistakes.
_ mistakes.
Practical Take more
knowledge than 11.01 Complete Complete Complete Complete
Total time of minutes to  the task the task the task the task in
completion complete within 6.01 within 3.01 within 1.01 less than or
P the task, or —11 -6 -3 equal to 1
does not minutes. minutes. minutes. minutes
complete
S‘ZTapslste Complete Complete  Complete Combplete
Self- Number of . the task the task the task P
. . with the . . . the task
regulative hints with the with the with the .
help of without
knowledge requested helpof3  helpof2  helpofl . .
more than 3 hi hi hi using hints.
hints. ints. ints. int.

Table 4.10. Assessment rubrics for determining the current level of expertise for the step 3.4 of

the evaluation phase.

Main Sub- Description
criteria criteria Novice 'E?é?ﬂﬁg? Competent  Proficient Expert
Number of g}zr?ailste Complete  Complete  Complete  Complete
mistakes with more the task the task the task the task
(Hoses than 10 with 6-10  with 3-5 with 1-2 without
connection) mistakes mistakes.  mistakes.  mistakes.  mistakes.
Number of tC;](;r?apSIEte Complete Complete  Complete  Complete
mistakes With more the task the task the task the task
(Electrical than 10 with 6-10  with 3-5 with 1-2 without
grounding) mistakes mistakes.  mistakes.  mistakes.  mistakes.
Practical '
knowledge
Number of %‘;Tgite Complete  Complete  Complete  Complete
mistakes With more the task the task the task the task
(Operation than 10 with 6-10  with 3-5 with 1-2 without
of valves) mistakes mistakes.  mistakes. = mistakes.  mistakes.
_ ;Zﬁelrz%rle Complete  Complete  Complete Complet_e
Total time minutes' to the task the task the task the task in
of within 9.01 within 6.01 within 4.01 less than or
. complete the
completion task. or does _14 - 9 — 6 eq_ual to4
’ minutes. minutes. minutes. minutes

not complete

89



Complete Complete Complete  Complete

Self- Number of the task with the task the task the task g](;r?;);lfte

regulative hints the help of  with the with the with the without

knowledge requested morethan3 helpof3  help of 2 help of 1 . .
hints. hints. hints. hint, using hints.

Table 4.11. Assessment rubrics for determining the current level of expertise for the step 3.5 of

the evaluation phase.

Description

Main Sub-

criteria criteria Novice Advanced

Beginner Competent  Proficient Expert

Number of Complete

mistakes the task Complete  Complete  Complete  Complete

the task the task the task the task

(Control with more 6 10 with35  with1-2  without
screen than 10 . . ) .
) mistakes.  mistakes.  mistakes.  mistakes.
. work) mistakes.
Practical Take more
knowledge than 11.51 Complete  Complete  Complete  Complete
Total time minutes; o the task the task the task the task in
of within 6.51 within 3.51 within 1.51 less than or
. complete the
completion -115 -6.5 -35 equal to 1.5
task, or does minutes minutes minutes minutes
not complete ' ' '
Complete Complete  Complete  Complete Complete
Self- Number of the task with the task the task the task the t;;k
regulative hints the help of  with the with the with the without
knowledge requested morethan3 helpof3  helpof 2 help of 1 using hints

hints. hints. hints. hint.

4.6.2.3. Calculation of the overall user performance score

After identifying and validating the most important information in the IVR
environment, it is important to retrieve this information in a form of easily retrievable files to
evaluate the overall performance of the trainees. In order to achieve this, fuzzy comprehensive
evaluation method was adopted. As discussed in section 4.4, this method is composed of 5
steps. The first step is the establishment of the evaluation index system. To structure an overall
user performance evaluation index in the OYOR prototype, performance measures such as
practical knowledge and self-regulative knowledge were selected as competency factor set U
such that appropriate measurements (e.g. number of hints, total time, number of mistakes, etc.)
were collected to evaluate the performance level of the learners based on these factors. Figure

4.6 shows the developed evaluation index for user overall performance in the OYOR prototype.
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Number of mistakes (Visual verification at step 3.1) (Uyy)

Number of mistakes (Control screen work at step 3.2) (U,,)

Number of mistakes (Inertization at step 3.3) (U,3)

Number of mistakes (Hoses connection at step 3.4) (U,,)

Number of mistakes (Operation of valves at step 3.4) (U,5)

4’| Practical knowledge (U,) l—

Number of mistakes (Control screen work at step 3.5) (Uy;)

Total time of completion at step 3.1 (Uyg)

Total time of completion at step 3.2 (Uy,)

Total time of completion at step 3.3 (U,,,)

Total time of completion at step 3.4 (U,,,)

Number of mistakes (Electrical grounding at step 3.4) (Uys) ‘

User performance (U)

Total time of completion at step 3.5 (Uyy,)

Number of hints provided at step 3.1 (Us,)

4’| Self-regulative knowledge (U,)

Number of hints provided at step 3.3 (U,3)

Number of hints provided at step 3.4 (U,,)

rrrr il i bl

Number of hints provided at step 3.2 (U,,) ]

Number of hints provided at step 3.5 (U,s)

Figure 4.6. Evaluation index for user overall performance in the evaluation phase of OYOR
prototype.

In order to determine the mapping quality for the overall user performance in the IVR
environment, it is important to determine a set of appraisal grades (step 2). For this study, the
same experts working at MERCK KGaA were asked to comment on the proposed appraisal
grade values for every performance level in the developed assessment rubrics. Table 4.12 shows

the proposed appraisal scale of the overall user performance level in the OYOR prototype.

Table 4.12. Proposed scale of the user overall performance level.

Performance I I i IV v
Level
Note Novice At;dvgnced Competent Proficient Expert
eginner
Region [0%-40%) [40%-60%) [60%-80%) [80%-90%) [90%-100%]
Appraisal 0% 40% 60% 80% 100%
Score

After discussion, the experts recommended to change the appraisal grade values for the

overall user performance scale. The new appraisal grade scale were shown in Table 4.13. The
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standard appraisal grade values for every measured action in the IVR environment is shown in
Table 4.14.

Table 4.13. Validated scale of the user overall performance level.

Performance I I i IV v
Level
. Advanced ..
Note Novice beginner Competent Proficient Expert
Region [0%-50%) [50%-67%) [67%-81%) [81%-92%) [92%-100%]
Appraisal 0% 50% 67% 81% 100%
Score

Table 4.14. Standard appraisal grade values for every measured action in the OYOR prototype.

Competency Performance Level

factors (units) [ I 11 v \Y
Uwu (point) 11 10 5 2 0
Uiz (point) 11 10 5 2 0
Uis (point) 11 10 5 2 0
Ui4 (point) 11 10 5 2 0
Uis (point) 11 10 5 2 0
Uie (point) 11 10 5 2 0
U1z (point) 11 10 5 2 0
Uis (Min) 11.51 11.5 6.5 3.5 1.5
Ui (Min) 10.51 10.5 55 2.5 0.5
U110 (min) 11.01 11 6 3 1
U111 (Min) 14.01 14 9 6 4
U112 (min) 11.51 11.5 6.5 3.5 1.5
U21 (point) 4 3 2 1 0
U2z (point) 4 3 2 1 0
Uzs (point) 4 3 2 1 0
U24 (point) 4 3 2 1 0
Uzs (point) 4 3 2 1 0

The next step involves the establishment of the fuzzy membership function of the
evaluation matrix, R. For this study, a triangle-shape grade of the membership function is
adopted as this is the most common fuzzy membership function used by several authors such
as (M. kun Li et al., 2018) and (Lai et al., 2015). Equations 4.2 to 4.6 show the general fuzzy
membership function rij(xi) related to the five expertise/performance levels. The symbol rj
represents the membership values of the j-th performance level of the i-th factor in U while the
symbol x; and Pi;j represents the actual value of the i-th factor and the maximum of the j-th
performance level (j = 1-5) of the i-th factor, respectively. Through using these formulas, it is
possible to change ambiguity to certainty and to solve the problems of ambiguity and the

nonlinear relation between the membership value and level accurately.

92



P — x;
Py — P,
1

ris5(x;) =

Xi = Pis
Py, < x; < Pig Equation 4.2

xiSPl-4

X; < Pi3 or Xx; = Pi5

Pz <x; <Py Equation 4.3

Py < x; < Pss

X < Pi2 or Xx; = Pi4

P <xi < Pus Equation 4.4

Pi3SXiSPi4

X < Pil or X; > Pi3
Pil < X; < PiZ

Equation 4.5
PiZ < X < Pi3

xi = Py
Py < x; < Py Equation 4.6

XLSPLI

For instance, if one finishes a task involving Inertisation (U13) with 4 mistakes (x;), then
applying equations 4.2 to 4.6, the evaluation matrix, R13 = [r131 132 riss riss riss] =[0 0 0.67

0.33 0]. The sample calculation is shown below:

xi—10

11-10
0

r131(4) =

xi211
10 < x; < 11

xiS10

r131(4) =0
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0 x; <5o0rx; =211

Xl'—5
— 5<x; <10
r132(4) =4 10-5 Xi
11 — x;
X 10<x <11
11 -10
r132,(4) =0
0 x; < 2o0rx; =10
xi—Z
2<x; <5
r133(4) =4 5-2 Xi
10 —
L al 5<x <10
10-5
4 -2
T133(4‘)—ﬁ=067
0 x; <0o0rx; =5
xi—O
O0<x; <2
T134(4) =42-0 Xi
> X 2<% <5
5-2
5—4
7'134(4) = ﬁ = 0 33
0 xi22
2—x;
r3s(4) = 2_01 0<x; <2
1 xiSO
r35(4) =0

Through this, every membership degree of competency factor i to appraisal grade j can
be calculated and thus the evaluation matrix for the overall user performance (R) as well as for
the competency such as practical knowledge (R1) and self-regulative knowledge (R2) can be

obtained. Table 4.15 shows the actual data and the membership values of competency factors
for a certain user.

Table 4.15. Actual values and membership values of competency factors.

Competency  Actual Membership values
factors (unit)  values
[ 1 11 \ \
U (point) 0 0 0 0 0 1
U1z (point) 0 0 0 0 0 1
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Uis (point) 4 0 0 0.67 0.33 0
U4 (point) 1 0 0 0 0.5 0.5
Uis (point) 5 0 0 1 0 0
Uis (point) 0 0 0 0 0 1
Uiz (point) 1 0 0 0 0.5 0.5
Uis (Min) 1.38 0 0 0 0 1
Uio (min) 0.3 0 0 0 0 1
U110 (mMin) 2.22 0 0 0 0.61 0.39
U111 (Min) 8.2 0 0 0.73 0.27 0
U112 (min) 4.07 0 0 0.19 0.81 0
U2 (point) 0 0 0 0 0 1
U2z (point) 0 0 0 0 0 1
Uzs (point) 2 0 0 1 0 0
Uzs (point) 2 0 0 1 0 0
Uzs (point) 0 0 0 0 0 1

After establishing the evaluation matrix, it is vital to determine the weighing vector as
this gives an overview of the proportion of each competency factor in the overall user
performance index based on relative importance (step 4). According to Odu (2019), mean
weight method is the most widely adopted weighing method if there is no information available
from the experts. Given that the OYOR prototype is new and there is insufficient information
available to decide which of the abovementioned actions is more important, the mean weight
(equal importance) method is adopted for this study. To determine the mean weight, equation
4.7 is used. The list of the competency factor weights for determining the overall user

performance in the OYOR prototype is shown in Table 4.16.

1
number of competency factors Equation 4.7

1
17
= 0.059

W1=W2=--- =W17=

Table 4.16. Overall user performance index weights for OYOR prototype.

Competency  Weight Cog(p:)te(;[ﬁglcy Relative weight Absolute weight
Ui 0.083 0.059
U2 0.083 0.059
Uiz 0.083 0.059
U4 0.083 0.059
U 0.706 Uss 0.083 0.059
Uis 0.083 0.059
Uiz 0.083 0.059
Ui 0.083 0.059

95



U1o 0.083 0.059

U110 0.083 0.059
Ui1 0.083 0.059
U112 0.083 0.059
U2 0.200 0.059
U2z 0.200 0.059
U2 0.294 Uz2s 0.200 0.059
U24 0.200 0.059
Uzs 0.200 0.059

To determine the overall user performance result (step 5), the formula B = W°R is used.
Using the values of Table 4.15, the evaluation matrix for the overall user performance (R) of a

certain user is summarised as:

Ry1 0 0 0 0 1
Ry, 0 0 O 0 1
R=|R;3[=]|0 0 067 033 0

R loo o o o
To calculate the evaluation vector Boveralr;

BOverall = W°R
0
0
Boverau = [0.059 0.059 0.059 .. 0.059]°|0 0 0.67 0.33
lo o o o o
Boverau =[0 0 0.270 0.178 0.552]

In order to convert the evaluation vector to a single score which represent their overall
performance level during the training in IVR environment, the obtained evaluation vector
(Boveran) is multiplied by the appraisal score set found at Table 4.13 [0 50 67 81 100]".
Applying this;

User performancepyerqy = [0 0 0.270 0.178 0.552][0 50 67 81 100]”

User per formancegyerq = 88% = Proficient

96



4.6.2.4. Implementation of assessment framework

In order to understand how the validated assessment rubrics can be used by different
stakeholders to utilise the information for their respective accountability purposes, the validated
rubrics were then implemented in the evaluation phase of the OYOR prototype. After the
implementation, testing of the prototype was carried out with operator apprentices from ACTA,
a chemical training company located in Brasschaat, Belgium, over a 2-day period (November
2021). This company was also an industrial partner of the Horizon 2020 funded European
Training Network for Chemistry Engineering Immersive Learning project (Grant Agreement
812716). Before the data collection, an ethical authorisation was obtained from the Ethics
Committee at the respective institutions.

Apprentices were invited to voluntarily take part in the testing of the IVR-based training
prototype. Prior to the start of the experiment, participants who agreed to take part were asked
to complete the pre-training questionnaire which consisted of a written informed consent and
closed questions used to determine demographic data such as gender and age. The demographic
information of the participants is summarised in Table 4.16. The majority of the participants
were male (89.47%) and between the ages of 20-30 (84.21%).

Table 4.17. Demographic information of participants (n=19).

Characteristics Items Frequency Percentage
Male 17 89.47
Gender Female 1 5.26
No answer/Prefer not to say 1 5.26
18-19 2 10.53
Age 20-30 16 84.21
No answer/Prefer not to say 1 5.26

After answering the pre-training questionnaire, the participants were given a brief
introduction as well as a demonstration on the use of the Oculus Quest 2 device. Upon
completion of the introductory session, the participants were instructed to begin the n-BuL.i
production process in IVR environment. At the end of the evaluation phase of the IVR training,
the summary of the assessment system (Figure 4.7) was shown for every participant.
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Figure 4.7. Screenshot of the assessment overview system in the evaluation phase.

Given that the summary of user performance data (Figure 4.7) was recorded in a form
of easily retrievable .csv files, it is possible to compile all the data to create a visualisation
reporting tool which helps to track, analyse, and display data about the overall status of
participants in terms of their skills at every task in the evaluation phase of the IVR training.
Figures 4.8, 4.9, 4.10, 4.11 and 4.12 show the visualisation report for categorising the
performance level of 19 participants in the task 3.1, 3.2, 3.3, 3.4, and 3.5 of the evaluation
phase, respectively. The overall performance remark of the 19 participants is shown in Figure
4.13.
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Figure 4.8. Example of visualisation report for categorising the performance level of 19
participants in the task 3.1 of the evaluation phase.
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Figure 4.9. Example of visualisation report for categorising the performance level of 19
participants in the task 3.2 of the evaluation phase.
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Figure 4.10. Example of visualisation report for categorising the performance level of 19
participants in the task 3.3 of the evaluation phase.
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Figure 4.11. Example of visualisation report for categorising the performance level of 19
participants in the task 3.4 of the evaluation phase.
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Figure 4.12. Example of visualisation report for categorising the performance level of 19

participants in the task 3.5 of the evaluation phase.
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Figure 4.13. Overall performance rating of 19 participants in the evaluation phase.

4.7. Implications

The integration of ECD, Fuzzy comprehensive evaluation method, and Dreyfus model

into an assessment framework powered through IVR has broad implications for various

stakeholders, especially in high-risk industries. Primarily, this study will facilitate the conduct

of training involving complex and possibly intricate procedures, in a safe and reliable manner

as chemical operator apprentices need to be equipped and trained in its potentially hazardous
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environment. The transparency in the conduct of training and assessment methods also
increases the integrity of the training outcomes, which in turn serves as a trustworthy reference
for all stakeholders in their individual decision-making.

Trainees, in particular, will be able to learn by experience, allowing them to advance
their competency towards mastery and expertise of a particular function or task. In addition,
they will be able to track and monitor their training progress through a more detailed and
accurate feedback in the IVVR training. This will enable them to pinpoint their strengths and
weaknesses in the accomplishment of their responsibilities. The information and data provided
to the trainee during the I\VVR training may then be used by them to readily review and correct
their mistakes and misconceptions, if any. This continuous process of improvement will
eventually lead to a more effective knowledge and skill acquisition. Lastly, trainees will be able
to objectively evaluate their status in terms of skills, within the organisation, which they may
use as leverage and basis for promotion.

The application of this study will also greatly benefit the trainers. This will minimise
the use of discretion in the evaluation process resulting in more objective judgments as the
assessment rubrics are already embedded in the training system. This will also help the trainers
in independently evaluating employees for the purposes of personnel movement with the
objective of ensuring an efficient working environment. Moreover, this assessment framework
will also assist the trainers in providing a more constructive and personalised feedback for
trainees to ensure their continual growth.

Since the resulting framework of this study is designed to expedite the development of
experts in a specific field, administrators may appreciate a shorter and more predictable return-
on-investment (ROI) in terms of personnel development. The presence of more personnel who
are proficient, competent, and experts in the field will result a more productive and efficient
working environment that will significantly benefit the business. Thus, the integration of this
assessment framework in IVR environment will allow the administrators to determine the

overall state and condition of the organisation in terms of field expertise.

4.8. Conclusions

The development of experts in a specific field requires a progressive process of skill and
knowledge acquisition. This theory is set forth in the Dreyfus model describing the growth from
a novice through an advanced beginner, to a competent, then a proficient, and finally, to an
expert level. The model provides characteristics and measures to differentiate each stage in the
expert development.
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In facilitating the training of experts through a safe, reliable, and accurate method, the
Dreyfus model may be optimised by integrating this concept into an IVR training environment.
A training design in IVVR allows the users an in-depth experience of the actual work scenario
with lower risk than the traditional training methods.

In this set-up, a large amount of information and data will be available to the trainers.
To determine the relevant information and data out of all available inputs as well as to produce
accurate inferences, the ECD is introduced in this framework. ECD facilitates the systematic
collection of data and relates these to theoretical constructs through evidentiary reasoning.

After identifying and validating the most important information in the IVR
environment, the fuzzy comprehensive evaluation method is implemented to evaluate the
overall performance of the users. As this method allows to quantify factors which have no clear
borders (e.g. linguistic scores), this will be helpful for the stakeholders to know the evaluation
‘score’.

The entire framework of the integration of Dreyfus model and fuzzy comprehensive
evaluation method in the IVR setting with assessment carried out through ECD was tested and
implemented in a case study. The case study involves an IVVR-training named ‘Operate Your
Own Reactor’ where 19 chemical operator apprentices from ACTA, a chemical training
company based in Belgium, were trained to perform tasks for the production of n-butyllithium
in a virtual chemical plant. The actions of the trainees were recorded during the session.
Through the ECD blueprint, data such as the number of mistakes committed, total time of
completion, and number of hints requested were retrieved and consolidated to assess the users.
The data were analysed to identify the performance levels of the trainees including their current
levels in the Dreyfus model. These collected performance results were subsequently used to
determine the overall performance score of the user through fuzzy comprehensive evaluation
method.

In summary, this framework provides detailed assessment guidelines for the unbiased
and unobtrusive evaluation of expertise in immersive learning environments. Through this
method, trainees and trainers will be able to determine, with specificity, their strengths and
weaknesses in the performance of their tasks. In addition, administrators will be provided with
relevant and timely information about the performance of plant personnel for their strategic
decision-making in terms of manpower management and development. Ultimately,
stakeholders will benefit in the long-term by expediting the development of experts leading to
more cost-effective and efficient industry operations.
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4.9. Note

Part of this chapter has been submitted (September 2022) in the Assessment in
Education: Principles, Policy & Practice Journal: Toyoda, R., Garcia-Fracaro, S., Gallagher, T.,
Tehreem, Y., Russo Abegdo, F., & Glassey, J. A framework for evaluating user expertise in

immersive learning environments.
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Chapter 5. Incorporating assessment into chemical industry training

through immersive virtual reality (IVR): a case study

Chapter 4 detailed the integration of Dreyfus model in the immersive virtual reality
(IVR) setting with assessment carried out through the evidence-centred design (ECD) and the
fuzzy comprehensive evaluation methods in an IVR-based chemical process safety training
called ‘Operate your own reactor’ (OYOR). The proposed assessment framework provides an
unbiased and unobtrusive way of training and assessing chemical operator apprentices. To
further develop the use of the OYOR prototype in chemical operators training, the presentation
of feedback and assessment results in a manner that is acceptable and helpful to its potential
users must be examined. This chapter aims to determine the overall preference of a user as to
the details presented in the assessment results. The methodology employs both quantitative and
qualitative methods to analyse the responses of 63 operator apprentices in the OYOR prototype.
Apprentices were grouped into: (1) the control group, which received a simplified version of
their performance, and (2) the experimental group, which received a detailed version of their
performance. The quantitative analysis showed that there is no significant difference in attitude,
satisfaction based on content, and behavioural intention in IVR training environment. The
qualitative analysis further showed that the ability of the assessment system to ultimately
provide performance evaluation is the primary concern for the apprentices. Both groups
demonstrated positive attitude, satisfaction based on content, and behavioural intention.
Nonetheless, in terms of user preference, most users in both groups prefer detailed assessment
results to be provided in order to further review and improve their performance. The
implications of IVR assessment were also discussed.

5.1. Introduction

The use of digital-based educational and/or training resources provides a wide range of
potential for improving the efficacy and efficiency of knowledge, and skills transfer and
development for different industries (Toyoda et al., 2021). For instance, Dominguez Alfaro et
al. (2022) used Augmented Reality (AR) to teach high school and undergraduate students about
the concept of acid-based titration. Other examples include the use of a mobile game application
to review organic reactions (da Silva Janior et al., 2021), the use of a web-based 360° virtual
laboratory to teach undergraduate students regarding chemical laboratory safety (Viitaharju et
al., 2021), and the use of a virtual reality (VR) head-mounted display (HMD) to train
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professional chemical operators about industry-based chemical laboratory safety (Chan et al.,
2021). With this increased level of technology-assisted learning, the state of the art of
assessment has been extensively investigated over the past decades to guarantee that the
learners have the necessary 21% century skills such as problem solving, and communication
skills, after undergoing a digital-based training (Black & Wiliam, 1998; Van der Kleij et al.,
2015).

According to Chin et al. (2009, p554), “assessment describes the process of using data
to demonstrate that stated goals and objectives are actually being met”. Depending on how it
is implemented, assessment can be classified into either summative (assessment of learning) or
formative (assessment for learning) (Loh, 2012). As stated by Sadler (1989, p120), “Summative
assessment is concerned with summing up or summarising the achievement status of a student,
and geared towards reporting at the end of a course of study especially for purposes of
certification ” while “formative assessment is concerned with how judgements about the quality
of student responses (performances, pieces, or works) can be used to shape and improve the
students’ competence”.

Researchers, such as Black & Wiliam (1998) and Baleni (2015), claim that the formative
assessment plays a vital role in improving the effectiveness of learning since it involves users
in understanding their current learning state and planning what they need to do next in order to
develop their skills. Whilst the benefits of formative assessment are widely recognised, there
are some challenges that need to be overcome. Some authors, for example Bennett (2011),
pointed out that the process of creating and providing timely and high-quality judgements
and/or comments with specific, detailed and personalised feedback tailored to the needs of
increasing learner-educator ratios and more diverse learner profiles, results in a substantial
increase in terms of the time and effort spent by the trainers and lecturers. Here the technology
may offer some solutions. A number of institutions globally have been adopting the concept of
digital assessment. According to Gomez and Ruipérez-Valiente (2022, p200), “digital
assessment is the presentation of evidence, for judging student achievement, obtained through
the use of computer technology”. Digital assessment can be categorised either automated
assessment, semi-automated assessment, or non-automated/manual assessment. The automated
assessment automatically evaluates the performance of the learners based on the predefined
assessment parameters and the corresponding marking scheme, which are typically integrated
in the digital-based training (Souza et al., 2016). Examples of this type are the automated
assessment in short essay type assignments developed by Dumal et al. (2017), and the
automated assessment in Massive Open Online Courses (MOOCSs) developed by Ivaniushin et

al. (2016). The semi-automated assessment, such as the semi-automated assessment of student
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programming assignments developed by Jackson (2000) and the Java programming assessment
tool developed by Yusof et al. (2012), assess programming solutions of the students
automatically but ask the teacher to manually check the programming codes and give
corresponding feedback if the said code is different from the expected output (Souza et al.,
2016). The non-automated or manual assessment, such as the programming assessment tool
developed by Dawson-Howe (1995), compiles and executes the submitted programming
assignment on a computer device but manually assesses the solution of every student and
manually provides corresponding marks and feedbacks (Souza et al., 2016). Among these three
types of digital assessments, the automated digital assessment gained a significant level of
attention and became broadly recognised as a possible solution to the intensive demand on
assessment resources highlighted above (Barra et al., 2020).

There are several studies that have investigated the potential impact of an automated
digital assessment on learning. For instance, Baleni (2015) evaluated the effect of the automated
digital formative assessment using a virtual learning environment (VLE) called Blackboard.
According to their study, the integration of automated and immediate formative feedback in an
online objective tests, such as multiple-choice or true or false tests, creates an opportunity for
the students to assess and re-assess their understanding of the respective subject matter, rather
than just presenting an overall grade (Baleni, 2015). Moreover, Kerr et al. (2016) used an
automated digital formative assessment system called eQuip (eQuestions for Understanding
Integrated Physiology) to evaluate the performance of the students. Their results show that
students who used eQuip outperformed those students who did not use it in their year-end
examination as the said assessment system provides immediate and timely feedback which
helps to become aware and improve their performances, reflect on their own mistakes, and set
goals for their learning (Kerr et al., 2016). Furthermore, Barana et al. (2019) stated that the use
of automated formative assessment for learning mathematics online can help students to master
problem solving procedures through interactive feedback while working at their own pace.

On the other hand, Yi1lmaz et al. (2020) examined the disadvantages of automated digital
formative assessment in an online multiple-choice examination. Their results reveal that the
motivation of some participants were low as they feel demoralised whenever they receive low
scores from the automated formative assessment system. In addition, Hricko and Howell (2006)
commented that an automated formative digital assessment might imposes an additional
demand on users as it requires reading and utilisation of numerous screens of assessment
feedback such as texts and figures which might be more challenging and tiring to some

individuals.
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Such heterogeneous findings suggest that the impact of assessment in various digital-
based learning is not straightforward. Thus, further research is needed to understand the views
of the users on how digital assessment should be implemented in various learning environments.
This action-based research reports the results of a case study aiming to determine whether the
chemical operator apprentices (users) preferred a simple assessment (i.e. a simple overall grade
statement), or a more detailed assessment (i.e. additional information, such as the number of
mistakes, or hints per sub-task, aside from the overall grade) of their current performance
evaluation in a chemical production training based on immersive virtual reality (IVR). The
results of this study will contribute to our understanding of how digital assessment can be

effectively implemented in IVR.

5.2. Theoretical underpinning and hypothesis development

The experience of a user trained using a specific training method may be measured in
terms of its effectiveness, feasibility, and/or usability. However, the overall appraisal of the user
in these aspects may differ from their appraisal of each of its specific components. For instance,
the main driver of satisfaction of users may be the degree of immersion, design, and form of
the training method but they may find other components in need of improvement, such as the
user experience, or the presentation of assessment results and feedback (Checa & Bustillo,
2019). Thus, to ensure the success of the IVR-based training, the perspective of the learner in
terms of their appreciation of each component of the new training/assessment method is crucial .

In particular, assessment results in the IVR-based training may be analysed using three
theoretical constructs: attitude, satisfaction based on content, and behavioural intention. The
first construct, attitude, is the predisposition of a person towards a particular phenomenon or
object, and it is composed of affective (i.e. unconscious feelings) and cognitive (i.e. conjectures
and ideology) components (H.-H. Teo et al., 2003). Several studies used the concept of attitude
to measure the degree of liking that the participants have on various digital-based products such
as the use of e-learning (Hussein, 2017), and radio-frequency identification-based library
management system (Zainab et al., 2018). The results of these studies showed that the users
express positive attitude towards a given product or service if it leads to the attainment of their
important values such as personal improvement. Given that the user attitude to the assessment
system in IVR environment depends on the comprehensiveness of the assessment provided, it
is expected that the difference in the presentation of the assessment results used in this study
would lead to a difference in the degree of user attitude. Thus, it is hypothesised:
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H1: There is a significant difference in attitude between groups based on the

presentation scheme of the assessment system.

The second construct is the satisfaction based on content. Heilman and Brusa (2006)
and Xiao and Dasgupta (2002), examined the effect of this construct on a computer-based
system and an internet/web portal system, respectively. Their results provide evidence that the
likelihood of an individual being contented with a particular product or service was directly
proportional to the amount, as well as the completeness, of the information provided for a
specific purpose (Heilman & Brusa, 2006; Xiao & Dasgupta, 2002). From this, the following
hypothesis is proposed:

H2: There is a significant difference in satisfaction (based on content) between groups

based on the presentation scheme of the assessment system.

The last construct is behavioural intention. In the context of information technology
(IT), this construct is defined as the likelihood of the user to use and to recommend the new
technology to others (Venkatesh et al., 2012). Since understanding the concept of user intention
is a significant predictor of their actual behaviour, Toyoda et al. (2021) and Merhi et al. (2019)
used the behavioural intention construct to explain user acceptance of IVR-based health and
safety (H&S) training in chemical industry setting and mobile banking, respectively. As
confirmed by the abovementioned studies, it is expected that the likelihood of the learner using
the new training method in the future will increase if such method is shown to significantly help

the learner in achieving his/her objectives. Thus, it is hypothesised:

H3: There is a significant difference in behavioural intention between groups based on

the presentation scheme of the assessment system.

5.3. Methodology
5.3.1. Research design

For this study, an IVVR-based chemical process safety training, running on the Oculus
Quest 2 virtual reality head-mounted display called '‘Operate Your Own Reactor' (OYOR), was
used to train users in the operational procedures of the production of n-butyllithium (n-BuL.i or
n-CsHoLi) (Garcia Fracaro et al., 2021). The entire training takes approximately 60 minutes and

consists of four steps: preparation, set-up, reaction, and extraction, which comprise 24 tasks.
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The training was designed to ensure that users will be able to demonstrate and use their existing
knowledge and apply it to the n-Buli production procedure. The overview of the OYOR
prototype was discussed in the previous chapter (Chapter 4).

Given the limited and inconclusive research on how assessment should be presented to
users in IVR setting, a quasi-experimental study was set up. The participants were divided into
a control group and an experimental group. The control group performed the VR-based training
and were shown a simple assessment system (Figure 5.1). The simple assessment system shows
only the overall performance score and whether they passed or failed. On the other hand, the
experimental group performed the same VR-based training with a detailed assessment system
(Figure 5.2). This assessment system provides a more comprehensive and detailed results
including number of mistakes, time spent to complete the task and number of requested hints
for the main task and sub-tasks as well as their overall performance. These parameters were
selected and validated based on their relevance on performance assessment through deliberation
with the MERCK KGaA health and safety officers. Moreover, these parameters are gathered
automatically in the IVR platform simultaneous to the training of the chemical operator

apprentices.

Procedure Board
Step 3. Extraction

Assessment Overview System Step 3

Total remark —=----s---reeeeeeees === 98% (Pass)

Figure 5.1. Screenshot of the simple assessment system.
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Figure 5.2. Screenshot of the detailed assessment system.

5.3.2. Questionnaire design

A three-part questionnaire was employed for this study. The first part was the pre-
training questionnaire, which consisted of written informed consent and closed questions used
to determine demographic data such as gender and age.

The second part was the post-training questionnaire, which comprised of two sections.
The first section contained the items about attitude, satisfaction based on content, and
behavioural intention that were adapted from previously reported literature and that were
verified as valid and reliable (Marakarkandy & Yajnik, 2013; Venkatesh et al., 2003). For each
item, the questions were rephrased according to the scope of using assessment system in IVR
training. The respondents indicated their agreement with each item about attitude and
behavioural intention on a six-point Likert scale, ranging from 1 for strongly disagree to 6 for
strongly agree. Each item about satisfaction based on content was evaluated on a number scale,
ranging from 1 for never to 6 for always. The second section contained open-ended questions
which asked respondents to identify advantages and/or disadvantages of the assessment system
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in IVR environment as these questions can elicit deeper insights on the use of assessment
system in IVVR environment that were not identified in the previous section.

The third part was the follow-up questionnaire, which consisted of two sections. The
first section contained a closed question where a number of respondents from both groups were
presented with two photos (Figure 5.1 and Figure 5.2) and were asked whether they would
prefer the simple assessment system or the detailed assessment system. The second section
contained an open-ended question where they were asked in what way it has affected their
choice.

Face validity as well as content validity checks of the questionnaire were carried out by
an academic expert (Dr Liesbeth Kester of Utrecht University, Netherlands). The modified
questionnaire was then presented to a small number of voluntary professionals engineers
working as health and safety (H&S) officers and/or trainers to evaluate its readability and
comprehensiveness. The questionnaire was then revised according to their collective feedback.
The final questionnaire was originally created in English, and subsequently translated into
Dutch and German by a professional translator. To ensure the uniformity and validity of the
translation, a separate professional translator then performed a blind back-translation of the
questionnaire into English, which was compared with the initial English version (Dorer, 2012).

The English list of items used in the study and corresponding constructs is shown in Table 5.1.

Table 5.1. Lists of measurement items used in the study.

Latent Variable Item Explanation
ATT 1 Using the assessment overview system is a bad idea.*
ATT 2 Using the assessment overview system is foolish.*
ATT 3  Using the assessment overview system is favourable.
ATT 4  Using the assessment overview system is beneficial.

Did the assessment overview system provide the precise

Sat 1 . .

information you need?

Satisfaction based Did the assessment overview system provide reports that

Attitude

on content Sat 2 seem to be just about exactly what you need?
Did the assessment overview system provide sufficient
Sat 3 . .
information?
Bl 1 Assuming_ | had access _to the assessment overview
- system, | intend to use it.
Behavioural B| 2 I plan to use the assessment overview system in the
Intention - future.
Bl 3 Given that | had access to the assessment overview

system, | predict that | would use it.

Note: * - inverted item
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5.3.3. Data collection procedure

Before the data collection, an ethical authorisation was obtained from the Ethics
Committee at the university as well as at the industrial partner institutions. All expected ethical
procedures were followed in the development and the administration of this study. The study
was carried out with operator apprentices working in chemical industry and training institution
situated in Germany and Belgium, respectively over a 2-month period (October 2021 to
November 2021).

Apprentices were invited to voluntarily take part in the study. Prior to the start of the
experiment, participants who agreed to take part were randomly designated to control group or
experimental group and were asked to complete the pre-training questionnaire. Once they
answered the pre-training questionnaire, the participants were given a brief introduction as well
as a demonstration of the use of the Oculus Quest 2 device. After completing the introductory
session, the participants were instructed to begin the n-BuLi production process in IVR
environment. Upon the completion of the IVR training, participants were asked to complete the
post-training questionnaire. In addition, a number of participants from both control group and
experimental group were asked to complete the follow-up questionnaire.

After screening for incomplete and/or duplicated responses, a total of 32 and 31
respondents for control and experimental groups, respectively, completed pre-training
questionnaires and post-training questionnaires. These were then retained for the data analysis.
Moreover, a total of 18 and 12 completed follow-up questionnaires from both groups were

collected for the data analysis.

5.3.4. Data analysis

According to Delice (2010) a minimum sample size of 30 in every subgroup is
recommended to perform quantitative data analysis. As the total number of collected responses
for both control group and experimental group was greater than 30, the quantitative data
collected from the number scale questions were analysed using SPSS 25.0 (from IBM SPSS
Statistics). Since this study aims to examine the significance of the difference between two
interested groups in one target variable (i.e. attitude, satisfaction based on content, or
behavioural intention), a statistical comparison analysis was employed (Puteh et al., 2017).

For qualitative research, Vasileiou et al. (2018) stated that the minimum sample size of
at least 12 in every subgroup is recommended to reach data saturation to ensure further

gathering of new data no longer reveals new insights. Given that the total number of collected
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responses for both control group and experimental group was greater than 12, the qualitative
data collected from the open-ended questions were analysed using inductive thematic analysis
(Braun & Clarke, 2006; Wallace et al., 2018). The inductive thematic analysis follows a six-
step process: become familiar with the data, generate initial codes, search for potential themes,
review/validate themes, further define themes, and report themes (Braun & Clarke, 2006;
Wallace et al., 2018). The first step of the process is to familiarize with the data which typically
involves reading, examining, and re-examining the responses of the operator apprentices for
each of the open-ended questions. Afterwards, create a list of preliminary codes (e.g.
words/phrases) which highlight the vital information that are apparently relevant from the given
data. Then, group the coded data with similar patterns into potential themes. After creation of
themes, review and further refine them to avoid mismatch between the codes and the themes,
as well as the themes with respect to the entire data set. Subsequently, determine the specific
part of the given data every theme represents. Finally, create a visualisation report such as pie

chart, bar chart, word cloud, as appropriate.

5.4. Results
5.4.1. Participant Profile

The demographic information of the participants is summarised in Table 5.2. The
majority of the participants in both the control and the experimental group were male (78.13%
and 80.65%, respectively) and between the ages of 20-30 (81.25% and 77.42%, respectively).

Table 5.2. Demographic information of participants.

Control group Experimental group
Characteristics Items (n=32) (n=31)
Frequency Percentage Frequency Percentage
Male 25 78.13 25 80.65
Female 4 12.50 6 19.35
Gender No answer /
3 9.38 0 0.00
Prefer not to say
18-19 3 9.38 6 19.35
20-30 26 81.25 24 77.42
Age 31-40 1 3.13 1 3.23
No answer / 2 6.25 0 0.00

Prefer not to say

5.4.2. Assessment of the quantitative data

Before conducting a statistical comparison analysis, it is important to analyse the
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reliability and the validity of the data in order to determine the consistency as well as the
accuracy of the questionnaire. To test the reliability, Cronbach’s alpha was calculated. The
calculated values of reliability and convergent validity for the control group and the
experimental group is shown in Table 5.3. The Cronbach’s alpha values for all factors were
above the minimum cut-off of 0.6 (Nawi et al., 2020), which indicates that the constructs have

a strong reliability for each group.

Table 5.3. Reliability and convergent validity analysis of participants.

Constructs Items Factor Loading Cronbach’s AVE?
Alpha
0.917
ATT L (0.855)
. 0.863 0.816 0.793
Attitude ATT 2 (0.897) (0.738) (0.768)
ATT 3*
ATT 4*
0.947
Sat 1 (0.893)
Satisfaction based on Sat 2 0.915 0.938 0.869
content - (0.938) (0.904) (0.827)
0.934
Sat_3 (0.897)
TFR A
. : ' 0.790 0.808
Behavioural Intention 0.918
BI_2 (0.954) (0.751) (0.746)
Bl 3*

Note: * - Removed due to the lack of outer loading reliability (< 0.7)
@ - Average Variance Extracted
Numbers in bracket - Values for experimental group

In order to test the validity, the convergent and discriminant validities were calculated.
Convergent validity (i.e. degree to which a given measure positively correlates with alternative
measures of the same construct) is considered satisfactory if the value of the average variance
extracted (AVE) and the factor loading is greater than 0.5 and 0.708, respectively (Hair et al.,
2017). As shown in Table 5.3, all constructs in every group had an AVE and factor loading
values higher than the minimum cut-off. Furthermore, the Heterotrait-Monotrait ratio (HTMT)
was calculated to evaluate the discriminant validity (i.e. the extent to which the items within a
construct are truly distinct from each other) (Hair et al., 2017). The values of discriminant
validity for both groups are shown in Table 5.4 and they were lower than the threshold value of
0.9 for all combination of constructs (Gold et al., 2001). Thus, the results obtained indicate

adequate convergent and discriminant validities for each group.
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Table 5.4. Discriminant validity analysis using Heterotrait-Monotrait (HTMT) ratio of

participants.

. Behavioural Satisfaction based
Attitude g
Intention on content
Attitude _
) . 0.354
Behavioural Intention (0.414)
) ) 0.383 0.043
Satisfaction based on content (0.220) (0.283)

Note: ~ Numbers in bracket - VValues for experimental group

Although it is important to establish reliability and validity of each group, it is also
essential to analyse the normality of the data as this will dictate the type of a statistical
comparison test to be used for this study, whether to use parametric t-test or a non-parametric
Mann-Whitney U test. To determine whether the data is parametric or non-parametric, a
Shapiro-Wilk test was conducted. Table 5.5 shows the summary of the Shapiro-Wilk test for
the control group and the experimental group. Only the satisfaction based on content construct
in the control group passed the normality test. Given that the distribution of data for other
constructs in every group was not normal, the Mann-Whitney U test was used to test H1, H2,
and H3.

Table 5.5. Summary of the normality test.

Test of normality

Constructs Groups Shapiro-Wilk

P value* Result
) Control 0.003 Not normal
Attitude Experimental 0.019 Not normal

) ) Control 0.179 Normal
Satisfaction based on content Experimental 0.026 Not normal
Behavioural Intention Control 0.050 Not normal
Experimental 0.000 Not normal

Note:  * = p-value greater than 0.05 indicates normal distribution

Having evaluated the reliability, validity, and normality of the data, Mann-Whitney U,
a non-parametric test, was used to assess the similarities and the differences of mean ranks
scores of target construct (attitude, satisfaction based on content, and behavioural intention)
between the control group and experimental group. In this method, if the p-value is lower than
0.05, there is a significant difference in the target construct between two subpopulations. The

outcome of the Mann-Whitney U test p-values in Table 5.6 showed that there were no

116



significant differences in attitude, satisfaction based on content, and behavioural intention

between the considered groups. Therefore, H1, H2, and H3 were not accepted.

Table 5.6. Outcomes of Mann-Whitney U test.

Mean  Sum of Mann-
Constructs Groups Mean Whitney Z P
rank ranks U
. Control 4656 32.61 1043.50
Attitude Experimental 4.500 31.37  972.50 476.5 0.273  0.785
Satisfaction Control 4,031 27.81 890.00
based on . 362.0 -1.858 0.063
content Experimental 4.548 36.32 1126.00
Behavioural Control 4219 30.33 970.50
Intention Experimental 4.419 33.73 1045.50 442.5 0759 0.448

5.4.3. Assessment of qualitative data

In order to further investigate and evaluate the perspective of the participants with

regards to the delivery and the presentation of their performance evaluation in VR-based

training, two open-ended questions were posed to the participants in both groups. They explored

the advantages and the disadvantages of the assessment system, respectively.

Seven themes (no advantages, no opinion, provides immediate results, helpful, great,

additional motivation, and simplicity) emerged from the question ‘What do you think are the

advantages of using the assessment overview system?' for the control group while four themes

(no opinion, provides immediate results, great, and additional motivation) for the experimental

group (Figure 5.3).

o y
o b
No advantage(s) %
: g No opinion
Jirs m Provide immediate results
i Helpful ‘
" Great
. Additional motivation
=% | Simplicity 4%
(a)

No opinion
Provide immediate
results

Helpful

Additional motivation

- Great

(b)

Figure 5.3. Advantages of (a) simplified assessment overview system and (b) detailed

assessment overview system.
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On the other hand, four themes (no disadvantage, no opinion, does not provide good
feedback, and cause of additional stress) emerged from the question 'What do you think are the
disadvantages of using the assessment overview system?' for both the control group and the

experimental group (Figure 5.4).

= No Disadvantages = No Disadvantages

2 No opinion

> No opinion

m Does not provide good
feedback

m Does not provide good
feedback

Cause of additional
stress

Cause of additional
stress

e e ——
‘Q&&&R&&&&&F

st

e

(a)

Figure 5.4. Disadvantages of (a) simplified assessment overview system and (b) detailed

assessment overview system.

In addition, a number of participants from both groups were asked follow-up questions
to examine the preference with regards to the presentation of their performance rating in the
IVR environment. As shown in Figure 5.5, regardless of what kind of assessment overview
system they were initially presented, majority of the participants from both groups prefer

detailed assessment overview system over the simple assessment overview system.

M Detailed

m Simple

(a) (b)

Figure 5.5. Assessment system preference for (a) control group participants and (b)

experimental group participants.

The main reason why most of the chemical operator apprentices from both groups prefer

detailed assessment overview system is because this assessment system has the ability to
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provide better feedback which allows them to see which area(s) need to be improved. Below

are the responses of the chemical operator apprentices that highlight this claim from the control

group:

“You know more precisely where the error was.’

‘It is easier to recognize the mistakes made and to draw conclusions to learn from them.’
“You can better see where the mistakes were.’

‘Because | can see everything where my error is.’

‘So you can see where the mistakes lie.’

Moreover, the responses of the chemical operator apprentices from the experimental

group emphasise the abovementioned claim, as shown below:

‘Here (detailed assessment overview system), you get more specific information. So
that you know where you are struggling.’

“You can see what you can improve on.’

“This way you can really know which parts need to be improved.’

“You can see more details about what you have performed.’

‘More achievements to see and a better picture of how you did it.’

5.5. Discussion

The current study applied a quasi-experimental approach to examine the preferences of
chemical operator apprentices towards how assessment should be presented in an 1VR-based
chemical production training called ‘Operate your own reactor’. This was done by comparing
the mean rank scores on user attitude, satisfaction based on content, and on behavioural
intention constructs, and by analysing the possible patterns in open text responses of the
participants. Upon comparison of the groups of chemical operator apprentices, based on the
presentation of the assessment system using Mann-Whitney U test and inductive thematic
analysis, there were several similarities and differences in the constructs investigated in the

current study.

5.5.1. Theoretical implications

This study provides meaningful insights on how the results of assessment should be
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presented within a VR setting for formative assessment. The empirical results showed that the
mean values of all the considered constructs (Table 5.6) for both the control group (users who
received simplified version of their performance results) and the experimental group (users who
received detailed version of their performance results) were above 4 and ranging from 4.031 to
4.656 (mean value of 4 or higher indicates positive rating). This suggests that regardless of the
group, the majority of the participants expressed a positive attitude, satisfaction based on
content, and behavioural intention on assessment system. The positive mean values of all
constructs for both groups are also reflected in their open text responses. For instance,
participants from both groups have mentioned several advantages of using the assessment
results overview system such as ‘provides immediate results’, ‘helpful’, ‘great’ and ‘additional
motivation’ but only mentioned two distinct disadvantages (e.g. causes additional stress and
does not provide good feedback). Given that they provided more advantages than disadvantages
for both groups, this indicates that most of the participants demonstrated positive attitudes,
positive satisfactions based on content, and positive behavioural intentions on the assessment
system.

The questionnaire was designed to measure both the affective and cognitive components
of attitude. Consequently, in the hypothesis testing, the positive scores of attitudes on both
assessments (simplified and detailed) are consistent with the previous studies, such as Atek et
al. (2012) and Andrew et al. (2018), that confirmed that users are more likely to have highly
positive attitude scores towards a system that corresponds to their affective and cognitive
impressions. This suggests that regardless of the comprehensiveness of the presentation of the
OYOR assessment system, chemical operator apprentices express positive attitude toward the
given assessment overview system as long as it can provide the needed performance evaluation
score to pass the training.

Moreover, the positive mean values of satisfaction based on content on both assessment
systems are consistent with the findings by Fitriantoro and Husnah (2018) that when the users
know that the learning platform will provide the necessary information, they feel contented on
that system. This observation suggests that the apprentices from both the control and the
experimental group are contented with the amount of information provided by the respective
OYOR assessment system.

Furthermore, regardless of the presentation scheme, participants from both groups
believe that the use of OYOR assessment system is beneficial in terms of understanding their
respective performance score. Thus, they gave positive rating for the behavioural intention
construct. These positive ratings of behavioural intention on both assessment systems are also

consistent with the findings by Udeozor et al. (2021) that the likelihood of the learner using a
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new system in the future will increase if such method is shown to significantly help the learner
in achieving his/her objectives.

However, the results of the Mann-Whitney U test revealed that there is no significant
group difference in their attitude, satisfaction based on content, and behavioural intention
(Table 5.6). The probable rationale why there is no significant group difference for the three
constructs discussed is that the users are mainly concerned with the assessment system’s
primary purpose which is to ultimately provide performance evaluation.

The qualitative data showed that regardless of the assessment system, participants
perceived these tools as beneficial since they can provide immediate results presented after the
completion of the training. This supports the results of the quantitative analysis that shows no
significant group difference on attitude, satisfaction, and behavioural intention. On the other
hand, more than 40% of the participants in both the control group and the experimental group
stated that there were no disadvantages of using the simple assessment system or the detailed
assessment system, respectively. This observation also suggests the idea that the ability of the
assessment system to provide immediate results presented after the completion of the training
is the primary concern for the chemical operator apprentices. Moreover, 25% and 19% of the
participants in the control and the experimental group did not provide any comments with
respect to the disadvantage(s) of the assessment system.

Furthermore, 12% of the participants in the control group stated that the simplified
assessment system does not provide good feedback. Some stated that they were not informed
of what they did correctly or incorrectly and thus the feedback is not helpful in further
improving their skills. On the other hand, 7% of the participants in the experimental group
pointed out that the detailed assessment system does not provide good feedback. Some
participants from the experimental group stated that they wanted to receive more feedback as
the system did not specify detailed feedback on areas where they performed poorly. Although
these numbers were relatively low, this implies that some users wanted to know more about
their actions to learn from them.

Lastly, 22% and 29% of the participants from the control and experimental groups,
respectively, stated that the assessment system was not good as showing grades causes

additional stress. For instance, some of the respondents indicated that:

‘In case of poor performance: stress, and bad mood.’
“You get demotivated when you get a bad rating more often.’
‘Maybe if you don't perform at a good level it's discouraging to see the scores every
time.’
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‘If you don't perform at a good level it might come across a bit harsh.’

According to Lerner and Tetlock (1999), performance evaluation is stressful as this
causes trainees to feel some extent of pressure to fulfil the desired outcome. Moreover, Yilmaz
et al. (2020) argued that some of the students who received low scores from the automated
digital formative assessment feel demotivated. In this study, some respondents specifically said
that they get demotivated from receiving a bad rating or that it causes them stress and puts them
into a bad mood (refer to the responses above). Thus, some participants from both groups
indicate that they expect some extent of additional stress from the presentation of assessment
results regardless of the amount of information contained therein.

The novelty of the OYOR system to the chemical operator apprentices may have
contributed to their contentment of whatever assessment presentation system have produced.
This might be another reason why there is no significant group difference in their attitude,
satisfaction based on content, and behavioural intention. In order to check if the introduction of
new assessment overview system would result in a preference, a number of participants from
both groups were asked to choose their preference with regards to the presentation of their
performance rating in the IVR environment.

With respect to the abovementioned question, the majority of the participants from both
groups prefer detailed assessment overview system over the simple assessment overview
system regardless of what kind of assessment overview system they were initially presented
within the OYOR prototype (Figure 5.5). This result is also consistent with previous studies
that confirmed the preference of the users towards detailed assessment in online computer-
based testing (Baleni, 2015; Bulut et al., 2019; Chin et al., 2021). The main reason for the
apprentices who chose detailed assessment system is the fact that it provides better feedback
which allows them to see which area(s) need to be improved (for the detailed reasons of the
respondents, refer to section 5.4.3). This indicates that when users know that the given
assessment system provides these attractive learning features such as good and useful feedback
to improve their individual performance, they tend to prefer that assessment system (Baleni,
2015).

5.5.2. Practical implications

The findings of this study have a number of practical implications in employing
assessment in a long procedural 1VR-based training. If institutions decide to develop and

implement an assessment system in VR environment, they should focus more on enhancing
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the quality of the immediate performance results and/or feedback. This is because the ability of
the assessment system to provide and present immediate performance results and/or feedback
is the most important factor for the majority of the chemical operator apprentices from both the
control group and the experimental group. This study will aid assessment designers in having a
clearer view on what aspects they need to focus on more in order to design an effective
assessment system which can better support independent learning through continuous provision
of feedback. Although there were no significant differences in the perspective of the participants
with regards to the delivery and the presentation of their performance evaluation in VR-based
training (simple vs. detailed), it was evident that most of the chemical operator apprentices were
in favour of using the detailed assessment system in the OYOR prototype. As elaborated by
some of the responses of the apprentices in the previous sub-chapter, the detailed assessment
system provides specific performance results which can be used for their self-improvement.
Thus, the current study recommends that assessment designers give great consideration in

employing the concept of detailed assessment system in their IVR-based training projects.

5.6. Conclusions

The present study uses both Mann-Whitney U test (quantitative analysis) and inductive
thematic analysis (qualitative analysis) to examine the views of 63 chemical operator
apprentices toward how assessment should be presented in ‘Operate your own reactor’
prototype. The results of the quantitative analysis showed that there were no significant group
differences between the control group of users (who received a simplified version of their
performance results) and the experimental group of users (who received a detailed version of
their performance results) in terms of their attitude, satisfaction based on content, and
behavioural intention in IVR training environment. Moreover, when determining this, it was
evident from the results of the qualitative analysis that the users are mainly concerned with the
primary purpose of the assessment system to ultimately provide immediate performance
evaluation results presented after the completion of the training. This is the reason why both
groups demonstrated positive attitude, satisfaction based on content, and behavioural intention
regardless of the differences in the assessment presentation. However, in terms of the user
preference, most of the participants in both groups prefer detailed assessment results as they
can review and improve their performance for the future. In summary, this study provides useful
insights for assessment designers in formulating suitable schemes on the optimal ways in
presenting and delivering assessment results in a long procedural 1VR-based training.
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5.7. Note

Part of this chapter has been submitted (September 2022) in the Education and
Information Technologies Journal: Toyoda, R., Garcia-Fracaro, S., Gallagher, T., Tehreem, Y.,
Russo Abegdo, F., & Glassey, J. Incorporating assessment into chemical industry training
through immersive virtual reality (IVR): a case study
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Chapter 6. Conclusions and recommendations for future work

6.1. Conclusions

Industries with inherent high operational risks, such as chemical plants, must put in
place mitigation measures to avoid accidents and guarantee the safety of its employees. One of
these measures is to ensure that the operators are equipped with proper and effective training
that is primarily designed to achieve mastery of their respective functions. In order to achieve
this objective, the training environment must be engaging and functional, a systematic
determination of the expertise level of the trainees must be established, the assessment
framework in evaluating the training outcome must be properly laid down, and such system
must be proven and/or tested.

It is in this context that the Virtual Reality-based training was introduced in chapter 2
of this thesis as a potential solution to address the need for a more effective training environment
for chemical plant operators. This thesis chapter includes review of existing literature,
consisting of 59 articles, for VR-based health and safety training in high-risk industries. These
articles were analysed to collect information on the type of VRs used in training, topics of the
H&S training, the assessment techniques implemented, among others. From this review, a
comparison was made of IVR-based H&S training vis-a-vis traditional and/or other VR-based
training method in terms of improving the training evaluation outcome.

The review of literature in connection to VR-based training suggests that most industries
included in the study use such training environments to train users for risk assessment,
machinery and/or equipment process/procedural operation, or both topics. It also showed the
significant increase in the use of fully immersive VR in various industries due to its hardware
improvements, enhanced display resolution, and a more competitive pricing. Moreover,
existing literature indicates that stakeholders measure the effectiveness of training in terms of
the learning achievements within a short period.

To evaluate the satisfaction with the VR-based H&S training, most researchers used
external assessment methods, such as questionnaires and interviews, due to ease of their
implementation. To evaluate the knowledge gain of trainees, researchers used knowledge tests
and multiple-choice questionnaires. While most researchers implemented external assessment
methods, some researchers used internal assessment techniques. These include the use of log
data to develop an automated assessment system which has the capability to measure complex

skills. The review of existing literature also collectively suggests that VR-based H&S training,
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in comparison to traditional training methods, has more potential to improve the reaction,
learning, and behaviour levels of the trainees.

The results of Chapter 2 provide a basis for future research to consider the effectiveness
of VR-based H&S training, measured using internal assessment methods, in behavioural level
and organisational outcome level (third and fourth level of Kirkpatrick’s model) of the trainees.

There was a noticeable increase in the popularity of VR-based tools, especially for
immersive virtual reality (IVR), during the height of the COVID-19 pandemic. Despite this,
some people still show hesitancy in adopting these tools. To resolve this, developers must
acknowledge and understand the gap between what people claim, as manifested in their attitude
and involvement, and how they behave. By understanding the interrelationship between
behavioural intention and influential factors, and how to harmonize them, developers will be
able to improve the rate of success in IVR training implementation. To gather useful insights
on the perception of potential trainees and their behavioural intention towards adopting 1VR-
based training, Chapter 3 analysed data from 438 individuals using PLS-SEM and multi-group
analysis (MGA) with SmartPLS 3.0 software. Data on prior-immersive VR-experience,
nationality, and the length of work experience were used to group the respondents. The results
of the study show no statistically significant differences among the predefined groups of
respondents. Nonetheless, the MGA methodology may be effective in discerning intentions of
various groups, which may be achieved by evaluating the ranking order of the constructs from
the UTAUT model across group-specific results. Policymakers and stakeholders in high-risk
industries, including chemical industry, may use the insights from this chapter in order to
formulate effective strategies in implementing IVR-based technology in measured groups.

Aside from the formulation of the effective strategies such as whether to emphasize
game elements, easier controls, more procedural aspects, etc., there is a growing demand from
stakeholders for the development of an unobtrusive and systematic assessment framework to
further maximise the potential of IVR as a training environment. Hence, Chapter 4 proposed
and developed, for the first time, a detailed methodological framework combining proven
approaches, such as the Dreyfus model, evidence-centred design (ECD), and fuzzy
comprehensive evaluation method, for the evaluation of user expertise in I\VR-based training in
chemical plant environment. Given that the assessment framework must determine the expertise
level of the operators by thoroughly evaluating their training results, Dreyfus model was
incorporated into the proposed IVR-based assessment framework. The Dreyfus model
characterizes the skill growth of an individual from novice to advanced beginner, to competent,

to proficient, and finally, to an expert.
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The use of IVR may provide large volumes of data relating to the conduct and outcome
of the training. To determine which aspects of these data is useful in evaluating the expertise of
the trainees, the evidence-centred design (ECD) was incorporated in the framework. The ECD
creates a logical relation between the collected data from IVR to the corresponding expertise
level of the trainees. Finally, to ensure the precision of the expertise evaluation, the fuzzy
comprehensive evaluation method was used to further delineate the expertise levels by
enhancing the resolution of the measures in the Dreyfus model.

To test the assessment framework, an IVR-training called ‘Operate Your Own Reactor’
(OYOR) for 19 operator apprentices in ACTA (Belgium) was conducted. Data from the IVR
training, such as number of mistakes committed, total time of completion, and number of hints
requested were gathered. Guided by the ECD framework, which was further enhanced by Fuzzy
evaluation method, the expertise levels of all training participants, in accordance with the
Dreyfus model, were determined.

The integration of the proposed assessment framework in OYOR environment has broad
implications for various stakeholders. For instance, trainees can use the summary of the user
performance result in the OYOR environment (Figure 4.7) to determine their strengths and
weaknesses in the performance of their tasks. Moreover, trainers and administrators can use the
visualisation reporting tool (Figure 4.8-4.13) to provide more constructive and personalised
feedback for trainees to ensure their continual growth and to expedite the development of
chemical reactor operator experts leading to more cost-effective and efficient industry
operation, respectively.

To provide a holistic approach for the improvement and optimization of IVR-based
H&S training, chapter 5 determined the probable overall preference of a user in terms of the
manner on how assessment results are presented. The responses of 63 operator apprentices,
using the OYOR prototype, were analysed using various methods. The respondents were first
grouped into two groups, where one group was presented with simplified training results while
the other group was presented with detailed assessment results. In terms of attitude, satisfaction
based on content, and behavioural intention, the two groups did not show statistically significant
differences based on Man-Whitney U test. From the inductive thematic analysis, it was
observed that users are mainly interested in immediately acquiring their performance evaluation
results. Hence, both groups showed positive attitude, satisfaction based on content, and
behavioural intention. However, in terms of user preference, respondents from both groups
showed preference for a detailed assessment result. This is because they are given the option to

comprehensively review their past performance and improve thereon. Training developers and
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assessment designers may consider these findings to formulate effective and suitable manners

of presenting assessment results, especially for a more complex 1VR-based training.

6.2. Recommendations for future work

Although this study provides a deeper understanding of VR-based H&S training for
researchers and stakeholders, it is important to acknowledge some limitations. To start with,
the literature review section (Chapter 2) only explored VR-based H&S training applications for
high-risk industries. It is worth acknowledging that the validity of the conclusions from this
study is within the scope of aforementioned research boundaries. To further improve on this
research, the application of the VR-based training may be expanded to its potential integration
in different workplace training, such as communication, and leadership training to visualise the
whole picture on VR-based workplace training and to establish the wider applicability of the
results. Moreover, as the literature review section only considered peer-reviewed articles from
the largest digital source available (Scopus) during literature search, it may be beneficial to
consider other type of articles (e.g. professional reports, research project deliverables, trade
publications) from other databases as there may be interesting results from these type of articles.

Secondly, the responses from the IVR-based technology adoption intention study
(Chapter 3) were obtained from convenience sampling as most of the chemical industries do
not openly publish the details of their employees to ensure compliance with privacy regulations.
For the future studies, it would be beneficial to replicate this study using different groups from
a wider and a more heterogeneous population (e.g. chemical industries from different parts of
the world and different sectors) to establish the robustness of the results. Moreover, as this study
only used a quantitative statistical approach to examine the relationship between factors, the
exploration of qualitative approaches or a combination of both methods for better and more
comprehensive explanations and perceptions may be beneficial to further investigate the
mechanism of behavioural intention among this group of people. Furthermore, since the
perception of users with respect to VR adoption in chemical industry may change over time,
longitudinal studies at a various timeline of I\VVR acceptance process to reinvestigate the IVR
adoption considering other key constructs may be valuable.

Thirdly, although the newly developed and implemented assessment framework will
benefit stakeholders and administrators in producing experts, it is important to take note that all
industries and organisations may have specific sets of standards in their processes which may
render the assessment criteria and their corresponding descriptors used herein not entirely
applicable. This will require re-validation and modification of such criteria to fit particular
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industry standards. Moreover, as the formulation of assessment rubrics requires validation by
experts, the availability of experts in the field may also represent some limitations in the
verification process. If there are sufficient available experts in the field, it may be beneficial for
the future studies to consider other methodologies in arriving at a consensus of the experts.
Furthermore, an additional sub-process should be further conducted to properly assign weights
to specific assessment rubrics, for the purposes of determining the overall performance of the
group or the organisation. For instance, the most critical criteria (e.g. number of mistakes or
even a seriousness of specific mistakes, if such a measure is defined in a given application)
could be assigned a higher weighting in comparison to other criteria which pertain to more
innocuous measures (e.g. number of hints received). Through assigning more appropriate
weights, a trainee who committed a substantial error or underperformed in critical criteria will
most likely have poor overall evaluation. On the other hand, trainees who committed a number
of errors in less serious criteria may still obtain an overall good evaluation if the cumulative
effect of less serious errors does not lead to a major failure. The more refined weighted approach
can ensure a more comprehensive and holistic calculation of the overall scores vis-a-vis a
specific assessment criterion.

Finally, although the fifth chapter used both quantitative and qualitative methods to
examine the preference of the users on assessment results system, the interpretation was based
on a single population (chemical operator apprentices). As every individual has their own
predispositions and opinions on the implementation and the use of digital assessment, it would
be beneficial for any future study to replicate this study using different groups using a more
comprehensive population, such as experienced operators, university students, trainers, etc., to
achieve deeper insights into issues related to designing, administering, and presenting
assessment in IVR environment. Likewise, since the perception of users with respect to the
delivery and presentation of their performance in IVR environment may change over time,
longitudinal studies would also be valuable to identify whether there is a relationship between
their frequency of usage and their preference toward assessment presentation. Furthermore, a
future study may be conducted to measure the degree of the stress or demotivation felt by
respondents in receiving a generally unfavourable assessment results and its correlation to how

such results were presented.
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Appendix A — Online questionnaire used in the UTAUT2 study (English)

Health and Safety (H&S) Training using Virtual Reality (VR) Game
What is the purpose of this survey?

The aim of this project is to evaluate the acceptance intention as well as continuous usage
intention of technology (Virtual reality game) in health and safety training.

Who is conducting this research?

This research is being conducted by Ryo Toyoda under the supervision of Prof. Jarka Glassey,
Dr. Fernando Russo Abegao, and Dr. Sue Gill of Newcastle University as part of the European
Training Network for Chemical Engineering Immersive Learning (ETN-CHARMING) project.

How specifically do | participate?

You are invited to take part in an online survey. The survey should take less than 15 minutes of
your time. The questions will concern your perception on using the virtual reality (VR) game
for employee H&S training in chemical industry.

What will you do with my answers to the questionnaire?

Please be assured that the responses you provide are completely anonymous and confidential.
Only people directly involved in this survey will have access to the raw data we collect. There
is no risk in taking part in this survey. The information will be stored securely on the protected
file store service. The survey outcome and report will not include reference to any individual.
The anonymized data and resulting analysis may be used in academic and non-academic
publications and presentation.

What if I change my mind or have questions?

You can ask questions, stop your participation, or withdraw completely from the research
project at any time.

After reading this information, and if you decide to take part in the project, you will be asked
to complete the attached informed consent form at the beginning of the survey.

If you have any questions, please don’t hesitate to contact:

Ryo Toyoda

ryo.toyoda@newcastle.ac.uk

PhD | School of Engineering | Newcastle University
Merz Court | Newcastle upon Tyne | NE1 7RU | UK
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Employee Consent form for a research survey as part of the project
Health and Safety (H&S) Training using Virtual Reality (VR) Game

| confirm that:

[

I have read and understood the information about the project, as provided in the
Information Sheet.

I have been given the opportunity to ask questions about the project and my participation
init.

I voluntarily agree to my participation.

I understand that I can withdraw my participation to the survey at any time without
giving a reason and will not be questioned on why | have withdrawn.

I understand that other researchers from the Newcastle University and the CHARMING
consortium who are part of the project team may have access to the anonymized
information collected and that the researchers will follow the agreed procedures for the
storage of the data as detailed on the Information Sheet.

| understand that | will be answering an online survey for the study and my answers will
be stored securely on the protected file store service.

I understand that anonymized answers from the survey may be used in written academic
and non-academic publications and conference presentations about the research project.

| have read and agree to the terms and conditions. (Please tick box)
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Section A: Demographic profile

Company:
Job Description:

Gender

Female
Male

What is your age group?

Country of Origin:

Under 20
20-29
30-39
40-49
50-59

60 & above

What is your highest educational qualification or equivalent?

Primary School
Middle High School
Secondary School
Bachelor’s Degree
Master’s Degree
Doctoral Degree
Others:

How long have you been working with the company?

Less than a year
1-5 years

6-20 years

More than 20 years

What type of H&S training is available in your company? (You can choose more than one

option)

Formal Classroom setting (Lectures)

Informal Classroom setting (e.g. small group discussion, case studies)
Coaching or on-the-job training

Open and distance learning/education (e.g. Video Presentation, online platform)
Virtual Reality (VR) and/or Augmented Reality (AR) environment setting
Others

Section B: Virtual Reality (VR) / Game Experience

Have you tried using Virtual Reality head-mounted display before?
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No



Which VR gaming console(s) or equivalent have you used? (You can choose more than one
option)

e Sony PlayStation VR
HTC Vive
Oculus Rift/quest
Samsung Gear VR
Google Cardboard
LG 360 VR
Google Daydream
None
Others:

How many times have you used it in a year?

e Never

e Once

e 2-5times

e Over 5times

Do you play video games?
e Yes
e No

Which gaming device(s) or equivalent have you used? (You can choose more than one option)
Nintendo (Gameboy, 3DS, WII, Switch, etc.)

PlayStation

Xbox

Mobile Phone Games

Computer Games

None

Others:

How often do you play per week?

e Never

e Less than 5 hours

e 5-15hours

e 16-25 hours

e More than 25 hours

Section C: This section tries to understand your perception of using the virtual reality
(VR) game for employee H&S training in chemical industry

6-point Likert Scale
Slightly | Slightly
Agree | Disagree

Items Strongly
Agree

Strongly

Agree Disagree

Disagree

1. | think that using the VR
environment will be
useful for practicing
H&S procedures.
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Using VR environment
will probably enable me
to learn the H&S
procedures more
quickly.

If | use this VR
environment, 1 will
improve my
performance on H&S
procedures.

| think using the VR
environment will be
clear and
understandable.

| think that it will be
easy for me to operate
the platform in which
the VR environment is
running.

| think that it will take
too long to learn how to
use the VR environment
to make it worth the
effort.

| think that the
organization will
support me in learning
how to use the VR
environment.

People who influence
my behavior at work

think that I should use
this VR environment.

| think my supervisor
will be very supportive
of the use of this VR
environment for my job.

10.

| feel that it will be a
bad idea to use the VR
environment for H&S
training.

11.

I think that the actual
process of using the VR
environment for H&S
training is fun.

12.

| think that using VR
environment for H&S
training will be very
frustrating.

13.

If made available to me,
| would recommend
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using the VR
environment for
learning to apply the
H&S procedures to my
colleagues.

14.

If made available to me,
I plan to continue to use
VR environment for
H&S training
frequently.

15.

I think that after using
the VR for H&S
training, | will be ready
to use this learning
environment for another
training course.
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Appendix B — Online questionnaire used in the UTAUT?2 study (German)
Gesundheits- und Sicherheitstraining (G&S) mit Virtual Reality (VR) Spiel

Was ist das Ziel dieser Umfrage?

Das Ziel dieses Projekts ist es, die Akzeptanz und kontinuierliche Verwendung von
Technologie (Virtual Reality Spiel) im Gesundheits- und Sicherheitstraining zu evaluieren.

Wer fuhrt die Untersuchung durch?

Die Untersuchung wird durchgefiihrt von Ryo Toyoda, unter der Supervision von Prof. Jarka
Glassey, Dr. Fernando Russo Abegao, und Dr. Sue Gill of Newcastle University, als Teil des
Européischen Trainingsnetzwerk fur Chemical Engineering Immersives Lernen (ETN-
CHARMING) Projekt.

Wie genau nehme ich teil?

Sie sind eingeladen an einer Onlineumfrage teilzunehmen. Die Umfrage sollte weniger als 15
Minuten Ihrer Zeit in Anspruch nehmen. Die Fragen beziehen sich auf Ihr Empfinden tber die
Verwendung des VR-Spiels fur das G&S-Mitarbeiter-Training in der Chemieindustire.

Was passiert mit meinen Antworten?

Bitte seien Sie versichert, dass Ihre Antworten vollstdndig anonym und vertraulich sind. Nur
Personen, die direkt an dieser Umfrage beteiligt sind, haben Zugriff auf die von uns
gesammelten Rohdaten. Es besteht kein Risiko, an dieser Umfrage teilzunehmen. Die
Informationen werden sicher in einem geschitzten Dateispeicher gespeichert. Das
Umfrageergebnis und der Bericht enthalten keine Angaben zur Person. Die anonymisierten
Daten und die daraus resultierende Analyse kdnnen in akademischen und nichtakademischen
Veroffentlichungen und Présentationen verwendet werden.

Was ist wenn ich meine Meinung andere oder Fragen habe?

Sie kénnen jederzeit Fragen stellen, die Teilnahme stoppen oder auch komplett zurtickziehen.
Nachdem Sie diese Information gelesen und sich flr die Teilnahme am Projekt entschieden
haben, werden Sie am Beginn der Umfrage gebeten werden, die beigeflgte
Einverstandniserklarung auszufullen.

Falls Sie Fragen haben, bitte zdgern Sie nicht Kontakt aufzunehmen mit:

Ryo Toyoda

ryo.toyoda@newcastle.ac.uk

PhD | School of Engineering | Newcastle University
Merz Court | Newcastle upon Tyne | NE1 7RU | UK
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Mitarbeiter-Einverstandniserklarung fir die Forschungsumfrage als Teil des

Gesundheits- und Sicherheitstraining (G&S) mit Virtual Reality (VR) Spiel Projekts

Ich bestétige, dass:

[

Ich die Informationen zum Projekt, die am Informationsblatt bereitgestellt sind, gelesen
und verstanden habe.

Ich die Mdglichkeit hatte, Fragen zum Projekt und zu meiner Teilnahme zu stellen.

Ich freiwillig teilnehme

Ich verstehe, dass ich meine Teilnahme am Projekt jederzeit ohne Angabe von
Grinden zuriickziehen kann und ich nicht darlber befragt werde

Ich verstehe, dass andere Forscher der Newcastle University und vom CHARMING
Projekt Zugang zu den anonymisierten Informationen haben und dass die Forscher dem
am Informationsblatt beschriebenen Prozedere fiir die Datenspeicherung folgen werden.
Ich verstehe, dass ich eine Onlineumfrage fur diese Studie beantworten werde und dass
meine Antworten sicher auf einem gesicherten Dateispeicher gespeichert werden

Ich verstehe, dass anonymisierte Antworten aus der Umfrage in schriftlichen
akademischen und nicht-akademischen Verd6ffentlichungen und
Konferenzprasentationen zum Forschungsprojekt verwendet werden kénnen.

Ich habe die AGB gelesen und bin damit einverstanden. (Bitte ankreuzen)
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Teil A: Demografische Daten

Firma:

Job Beschreibung:
Geschlecht

e Weiblich
e Mannlich

Was ist lhre Altersgruppe

Unter 20
20-29

30-39

40-49

50-59

60& dartiber

Herkunftsland:

Was ist Ihre héchste abgeschlossene Ausbildung?
e Grundschule

Sekundarstufe |

Sekundarstufe 11

Bachelor Studium

Master Studium

Doktoratsstudium

Andere:

Wie lange arbeiten Sie bereits im Unternehmen?
Weniger als ein Jahr

1-5 Jahre

6-20 Jahre

Mehr als 20 Jahre

Welche Form des G&S-Trainings gibt es in Ihrem Unternehmen? (Sie kénnen mehr als eine

Antwort auswahlen)
e Formeller Unterricht (Vortrag)

Coaching oder Ausbildung am Arbeitsplatz

Andere:
Teil B: Virtual Reality (VR) / Spielerfahrung

Informeller Unterricht (zB kleine Gruppendiskussionen, Fallbeispiele)

Offenes Lernen und Fernunterricht (zB Video Prasentationen, Online Plattform)
Virtual Reality (VR) und/oder Augmented Reality (AR)

Haben Sie schon einmal versucht ein (am Kopf montiertes) Virtual Reality Display zu

verwenden?
e Ja
e Nein
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Welche VR-Spielekonsole oder &hnliches haben Sie verwendet? (Sie kdnnen mehrere

Antworten auswahlen)

Sony PlayStation VR
HTC Vive

Oculus Rift/quest
Samsung Gear VR
Google Cardboard
LG 360 VR

Google Daydream
Keine

Andere:

Wie oft in einem Jahr haben Sie diese verwendet?

Nie

Einmal

2-5 mal

Mehr als 5 mal

Spielen Sie Videospiele?

Ja
Nein

Welches Spielkonsole oder dhnliches haben Sie verwendet? (Sie kénnen mehrere Antworten
auswéhlen)
Nintendo (Gameboy, 3DS, WII, Switch, usw)

Wie oft in der Woche spielen Sie Videospiele?

PlayStation
Xbox
Handyspiele
Computerspiele
Keine

Andere:

Nie

Weniger als 5 Stunden
5-15 Stunden

16-25 Stunden

Mehr als 25 Stunden

Teil C: Dieser Teil versucht zu verstehen, wie Sie den Einsatz vom Virtual Reality (VR)
Spiel fur die Mitarbeiter G&S-Schulung in der Chemieindustrie empfinden

Items

6-point Likert Scale

Stimme
stark zu

Stimme
Zu

Stimme
eher zu

Stimme
eher
nicht

Zu

Stimme
nicht
Zu

Lehne
stark
ab

1.

Ich denke, dass die
Verwendung der VR-
Umgebung nitzlich sein
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wird, um G&S-Verfahren
zu Uben.

Die Verwendung einer VR-
Umgebung wird mir
wahrscheinlich helfen, die
G&S-Verfahren schneller
zu lernen.

Wenn ich diese VR-
Umgebung verwende,
werde ich meine Leistung
bei G&S-Verfahren
verbessern.

Ich denke, dass die
Verwendung der VR-
Umgebung klar und
verstandlich sein wird.

Ich denke, dass es fiir mich
einfach sein wird, die
Plattform zu bedienen, auf
der die VR-Umgebung
ausgefuhrt wird.

Ich denke, dass es zu lange
dauern wird, um zu lernen
wie man die VR-
Umgebung verwendet, als
dass sich die Mihe lohnt.

Ich denke, dass die
Organisation mich darin
unterstlitzen wird, den
Umgang mit der VR-
Umgebung zu lernen.

Leute, die mein Verhalten
bei der Arbeit beeinflussen,
denken, dass ich diese VR-
Umgebung verwenden
sollte.

Ich denke, dass mein
Vorgesetzter die Nutzung
dieser VR-Umgebung in
meiner Arbeit sehr
unterstiitzen wird.

10.

Ich flihle, dass es eine
schlechte Idee ist, die VR-
Umgebung fur die G & H-
Schulung zu verwenden.

11.

Ich denke, dass der
eigentliche
Nutzungsprozess der VR-
Umgebung fiur das G & H-
Schulung Spal? macht.
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12.

Ich denke, dass es sehr
frustrierend sein wird, die
VR-Umgebung fur das G &
H-Schulung einzusetzen.

13.

Wenn es mir zur Verfligung
gestellt wird, wirde ich die
Verwendung der VR-
Umgebung fir das
Anwendungslernen von
G&H-Verfahren bei meinen
Kolleglnnen empfehlen.

14.

Wenn es mir zur Verfligung
gestellt wird, plane ich, die
VR-Umgebung weiterhin
haufig fir G & H-
Schulungen zu verwenden.

15.

Ich denke, dass ich nach der
Verwendung der VR fur die
G & H-Schulung bereit sein
werde, diese
Lernumgebung bei einem
anderen Schulungskurs zu
verwenden.
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Appendix C — Online questionnaire used in the UTAUT2 study (French)
Formation H&S utilisant des jeux de Réalité Virtuelle (RV)

Quel est I’objectif de ce questionnaire?

Le but du projet de recherche est d’évaluer I’acceptation de la nouvelle technologie de jeu en
réalité virtuelle (RV) dans le domaine de la formation H&S, ainsi que I’intention d’utiliser cette
nouvelle technologie.

Qui conduit ce projet de recherche?

Cette recherche est menée par Ryo Toyoda sous la supervision du Pr. Jarka Glassey, du Dr.
Fernando Russo Abegao, et du Dr. Sue Gill de I’université de Newcastle, dans le cadre du projet
de réseau européen de formation pour 1’apprentissage immersif en génie chimique (projet ETN-
CHARMING).

En quoi consiste ma participation?

Vous étes invité a répondre a un questionnaire en ligne. Cela devrait vous prendre moins de 15
minutes. Les questions concerneront votre perception de 1’usage de jeu en réalité virtuelle (RV)
pour la formation HSE des salariés de 1’industrie chimique.

Qu’allez-vous faire de mes réponses au questionnaire?

Toutes les réponses que vous faites sont complétement anonymes et confidentielles. Seules les
personnes directement impliquées dans cette recherche ont accés aux données que nous
collectons. La participation a cette étude ne présente aucun risque. Ces informations sont
stockées de facons sécurisées dans un service de stockage de fichiers protégés. Les resultats de
recherche et les rapports ne feront pas référence a un individu particulier. Les données
anonymisées et les analyses résultantes pourront étre utilisées dans des publications et
présentations académiques ou non académiques.

Puis-je changer d'avis ou poser des questions?

A n’importe quel moment vous pouvez poser des questions, arréter votre participation ou vous
retirer complétement du projet de recherche.

Apres avoir lu ces informations, et si vous étes d’accord pour prendre part au projet, vous devrez
compléter un formulaire de consentement au début du questionnaire.

Si vous avez des questions, n’hésitez pas a contacter:

Ryo Toyoda

ryo.toyoda@newcastle.ac.uk

Doctorant | School of Engineering | Newcastle University
Merz Court | Newcastle upon Tyne | NE1 7RU | UK
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Formulaire de consentement au questionnaire concernant le projet de recherche de

formation H&S utilisant des jeux de réalité virtuelle

Je confirme que:

[

e J’ai lu et compris les informations concernant le projet, tel que décrit dans la fiche

d’information.

e J’ai cu la possibilité de poser des questions concernant le projet et ma participation au

projet.

e Je suis entierement d’accord pour y participer.

e Je comprends que je peux arréter ma participation au questionnaire a tout moment,
sans qu’on me pose de questions.

e Je comprends que d’autres chercheurs de I’Université de Newcastle et du consortium
CHARMING faisant partie de I’équipe projet pourront avoir acces aux données
anonymes qui auront eté collectées et que ces chercheurs respecteront les procédures de

stockage de données telles que décrites dans la fiche d’information.

e Je comprends que je vais répondre a un questionnaire en ligne pour cette étude et que
mes réponses seront stockées de fagons sécurisées dans un service de stockage de

fichiers protégés.

e Je comprends que les réponses anonymisées au questionnaire pourront étre utilisées
dans des publications écrites académiques ou non académiques et dans des présentations

en conférence a propos du projet de recherche.

J’ai lu et accepte les termes et conditions. (Merci de cocher la case)
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Partie A : profil

Entreprise:

Fonction dans I’entreprise:

Sexe :
e Femme
e Homme

Quel age avez-vous?
e Moins de 20 ans

e 20-29
e 30-39
e 40-49
e 50-59

e plus de 60 ans

Pays de naissance or Nationalité?

Niveau de formation le plus élevé (ou équivalent)?
e Ecole primaire
e College
e Lycée
e Licence/bac+2ou3
e Master /bac +4 ou 5
e Doctorat
e Aultre:

Depuis combien de temps travaillez-vous dans cette entreprise?
e Moins d’un an
e 1-5ans

6-20 ans

Plus de 20 ans

Quels types de formations HSE sont disponibles dans votre entreprise? (plusieurs choix
possible)

e Dans un cadre formel en salle (comme un cours)

e Dans un cadre informel en salle (par exemple petit groupe de discussion, étude de cas)

e Coaching/compagnonnage ou formation sur le terrain

e Enseignement ouvert et a distance (par exemple vidéo ou e-learning)

e Dans un environnement de realité virtuelle (RV) ou realité augmentée (RA)

e Autres:

Partie B : Expérience en réalité virtuelle (RV) / jeu
Avez-vous déja essayé un casque de réalité virtuelle?

e Oui
e Non
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Quelle(s) console(s) de jeu en RV ou autres dispositifs de RV avez-vous déja utilisé?
(plusieurs réponses possible)

Sony PlayStation RV
HTC Vive

Oculus Rift/quest
Samsung Gear RV
Google Cardboard
LG 360 RV

Google Daydream
Aucune

Autres:

Combien de fois par an I’utilisez-vous?

Jamais

Une fois

2-5 fois

Plus de 5 fois

Jouez-vous a des jeux vidéo?

Oui
Non

Quel dispositif de jeu vidéo avez-vous utilisé? (plusieurs réponses possible)

Nintendo (Gameboy, 3DS, WII, Switch, etc.)
PlayStation

Xbox

Jeux sur smartphone

Jeux sur ordinateur

Aucun

Autres:

Combien de temps jouez-vous par semaine ?

Jamais

Moins de 5 heures
5-15 heures

16-25 heures

Plus de 25 heures

Partie C : cette section vise a comprendre votre perception de ’usage des jeux en réalité
virtuelle (RV) pour la formation H&S dans I’industrie chimique

6-point Likert Scale

Je ne Je ne
Je suis . Jesuis | suispas | Jene suis
Je suis . . .
totalement | ., assez touta | suispas | vraiment
, d’accord | ,, . ,

d’accord d’accord fait d’accord pas

d’accord d’accord
1. Je pense que
I’utilisation d’un
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univers de RV sera
utile pour
s’entrainer sur les
procédures H&S.

L’utilisation de
I’univers RV me
permettra sans
doute d’apprendre
les procédures
H&S plus
rapidement.

Si j’utilise
[’univers RV,
j’améliorerai mes
performances sur
les procédures
H&S.

Je pense que
I’univers RV sera
clair et
compréhensible.

Je pense que ce
sera simple pour
moi de me servir
de I’outil sur lequel
fonctionne
I’univers de réalité
virtuelle.

Je pense que cela
prendra trop de
temps pour
apprendre a utiliser
I’univers RV pour
que cela vaille la
peine de s’y mettre.

Je pense que
I’entreprise
m’aidera a
apprendre a utiliser
I’univers RV.

Les personnes qui
influencent mon
comportement au
travail pense que je
devrais utiliser
I’environnement
RV.

Je pense que mon
chef sera trés
favorable a
[’utilisation de
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I’univers RV pour
mon poste de
travail.

10.

Je pense que c’est
une mauvaise idée
d’utiliser un
univers RV pour la
formation H&S.

11.

Je pense que
’utilisation d’un
univers RV pour la
formation H&S est
fun.

12.

Je pense que
I’utilisation d’un
univers RV pour la
formation H&S
sera exaspeérante.

13.

Si ¢’était
disponible, je
recommanderais a
mes collegues
I’utilisation d’un
univers RV pour
apprendre
comment appliquer
les procédures
H&S.

14.

Si ¢’était
disponible,

j utiliserais
fréquemment
I’univers RV pour
les formations
H&S.

15.

Je pense qu’apres
avoir utilisé
I’environnement
RV pour la
formation H&S, je
serai prét a utiliser
cet environnement
de formation dans
d’autres parcours
de formation.
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Appendix D — Online questionnaire used in the IVR-based assessment study
(English)

Research project information sheet 2021

What is the purpose of the research?

The purpose of this experiment is to test a virtual reality prototype. This prototype was
developed to evaluate virtual reality training as part of chemical operator training at Merck. We
will ask you for feedback on your experience. Another goal of the study is to examine the user
experience during the training process.

Who researches?

This research is carried out by Sofia Garcia Fracaro, Yusra Tehreem, Tim Gallagher and Ryo
Toyoda under the supervision of Dr Michael Wilk (Merck), Prof Thies Pfeiffer (Technik
Emden), Prof Jarka Glassey (University of Newcastle), Prof Kristel Bernaerts (KU Leuven), as
part of the European Training Network for Chemical Engineering Immersive Learning (ETN-
CHARMING) project.

How do I specifically participate?

You will be invited to test a Virtual Reality prototype. Your participation also includes a survey,
before and after the Virtual Reality experience.

What happens to the information you have collected about me?

Only people directly involved in this research have access to the data we collect. The
information is stored securely in the protected file storage service. Please be assured that your
responses are completely anonymous and confidential. The research result and the report do not
contain any reference to an individual. The anonymised data and resulting analysis may be used
in academic and non-academic publications and presentations.

Are there any risks?

There is no risk involved in participating in this study. Your results, experiences and evaluations
will be handled in such a way that no personal conclusions can be drawn.

What if I change my mind or have questions?

You can ask questions, stop participating or withdraw completely from the research project at
any time.

If you have any questions, please contact:
Sofia Garcia Fracaro - Sofia.garcia-fracaro@merckgroup.com
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Declaration of consent for a research survey as part of the research project

I, the undersigned, certify the following:

- | have read and understood the information on the project according to the
information sheet.

- | had the opportunity to ask questions about the project and my participation in
it.

- | voluntarily agree to my participation.

- | understand that | may withdraw my participation at any time without giving
any reason and that I will not be penalised for withdrawing nor asked why | have
withdrawn.

- I understand that other researchers in the CHARMING consortium who are part
of the project team, may have access to the information collected and that the
researchers will follow the agreed procedures for the storage of the data, which are set
out in the information sheet.

- I understand that | am answering surveys for the study and the answers will be
stored securely in the protected file storage service.

- I understand that anonymised responses from the survey may be used in written
academic and non-academic publications and conference presentations on the research
project.

- I consent to photographs being taken of my participation. | understand that
anonymised photographs may be used in written academic and non-academic
publications and conference presentations as well as at science communication events.

I have read the general terms and conditions and agree to them.

- Yes
- No
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Pre-Questionnaire

Note on data protection in the survey: Participation in the survey is voluntary. If you decide to
participate, you will remain anonymous. If you do not wish to participate, there will be no
negative consequences for you. To avoid drawing conclusions about the identity of survey
participants, we only evaluate questions that have received at least five responses. Please do not
provide information about your name or the names of other persons.

Demographic profile
1. Participant number:

2. What is your age group?
e Lessthan 20 years old
e 20-30 years old
e 31-40 years old
e 41-50 years old
e 51-60 years old
e Over 60 years old
3. What is your gender?
e Female
e Male
e Prefer not to say

Post-Questionnaire
Use of the assessment overview syestem (Step 3)
This section examines how you assess the use of the assessment overview system (step 3) in

virtual reality (VR).

Procedure Board
Step 3. Extraction

Assessment Overview System Step 3

Total remark w-e-seseseeseseeeeee 989 (Pass)

Photo shown for control group during the survey.
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Procedure Board
_Assessment Overview System Step 3_
Sub-criteria__

Mistakes (Visuad verification)
Duration

Hints

Mistakos work)
Duration

Mints.

"~

The scoring system is based
on number of mistakes, hints
and time taken to complete
step 3.

Mestabes

Duration

Hints

Wistakes (Electrical grounding)
Mistakos (hoses connection)
Mistakes (opevation of valves)

w | e
oE= o0E~ o
3 3

92-100%--- Expert
81-91% - Proficient
67-80% -——--Competent
50-66% -~ Advanced

w
Eo°-

Proficant 0-49% «------Novice
Proficient
Competent

2
1
Min
2

Procedure Board
Step 3. Extraction

Assessment Overview System Step 3

g Expert

Self. K lod.
g g 9

(e

Total remark =—--wsessemeasemeeeees Expart
How 18 I calcuated?

Noxt

Photo shown for experimental group during the survery.

Please answer the following questions:

6-point Likert Scale

Strongly | Agree | Slightly | Slightly | Disagree | Strongly
Agree Agree | Disagree Disagree

1. Using the
assessment
overview system
is favourable.

2. Using the
assessment
overview system
IS a bad idea.

3. Using the
assessment
overview system
is beneficial.

4. Using the
assessment
overview system
is foolish.

5. Assuming | had
access to the
assessment
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overview system,
| intend to use it.

6. Given that | had

access to the
assessment
overview system,
| predict that |
would use it.

7. 1 plan to use the

assessment
overview system
in the future.

Please answer the following questions:

6-point Likert Scale

1 (Never)

2 3|4

6 (Always)

1. Didthe
assessment
overview system
provide the
precise
information you
need?

2. Didthe

assessment
overview system
provide reports
that seem to be
just about exactly
what you need?

3. Didthe

assessment
overview system
provide sufficient
information?

What do you think are the advantages of using the assessment overview system?

What do you think are the disadvantages of using the assessment overview system?

Below is the picture of the detailed assessment overview system (1% photo) and the simple
assessment overview system (2" photo)
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Procedure Board
_Assessment Overview System Step 3_

Mistakes (Visust verification) 1

Duraton 2Min
_Hints

Mistakos (Control screen work)

Duraten

How this s
calcuiated?

The scoring system is based
on number of mistakes, hints
and time taken to complete
step 3.

1
Min
0
1
[}
0

3 Min
2
1
Min
2

92-100%--- Expert
81-91% -~ Proficient
67-80% -———-Competent
50-66% -—-- Advanced

Wistakes (Electrical grounding)
Practical knowledge  Mistakes (hoses conection)
Mistakes (opération of vaives)
ation

0-49% -------Novice

Procedure Board
Step 3. Extraction

Assessment Overview System Step 3

Practical knowledge Expert

Self.

Total remark =wssssssesesesmseemeeee Expart

How s Is calutated?

Next

Detailed assessment overview system (1% photo)

Procedure Board
Step 3. Extraction

Assessment Overview System Step 3

Total remark - 98% (Pass)

How this is caiculated?

Simple assessment overview system (2"% photo)

Which assessment overview system do you prefer in the VR prototype? Kindly choose from
the choices below.

o | prefer the detailed version (1% photo)

e | prefer the version | have seen in the VR prototype (2" photo)

Kindly explain why do you prefer the said assessment overview system.
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Appendix E — Online questionnaire used in the IVR-based assessment study

(German)
Forschungsprojekt Informationsblatt 2021

Was ist der Zweck der Forschung?

Das Ziel dieser Erfahrung ist es, einen Virtual Reality-Prototyp zu testen. Dieser Prototyp
wurde entwickelt, um das Virtual-Reality-Training als Teil der Ausbildung von
Chemiebedienern bei Merck zu evaluieren. Wir werden Sie um ein Feedback zu Ihrer Erfahrung
bitten. Ein weiteres Ziel der Studie ist es, lhre Benutzererfahrung wahrend des
Trainingsvorgangs zu erforschen.

Wer forscht?

Diese Forschung wird von Sofia Garcia Fracaro, Yusra Tehreem, Tim Gallagher und Ryo
Toyoda unter der Leitung von Dr. Michael Wilk (Merck), Prof. Thies Pfeiffer (Technik Emden),
Prof. Jarka Glassey (University of Newcastle), Prof. Kristel Bernaerts (KU Leuven), als Teil
des European Training Network for Chemical Engineering Immersive Learning (ETN-
CHARMING) Projekts durchgefihrt.

Wie nehme ich konkret teil?

Sie werden eingeladen, einen Virtual Reality-Prototyp zu testen. Ihre Teilnahme beinhaltet auch
eine Umfrage, vor und nach der Virtual Reality-Erfahrung.

Was passiert mit den Informationen, die Sie Giber mich gesammelt haben?

Nur Personen, die direkt an dieser Untersuchung beteiligt sind, haben Zugriff auf die von uns
gesammelten Daten. Die Informationen werden sicher im geschiitzten Dateispeicherdienst
gespeichert. Bitte seien Sie versichert, dass Ihre Antworten vollstandig anonym und vertraulich
sind. Das Forschungsergebnis und der Bericht enthalten keinen Verweis auf eine Person. Die
anonymisierten Daten und die daraus resultierende Analyse konnen in akademischen und
nichtakademischen Veroffentlichungen und Prasentationen verwendet werden.

Gibt es irgendwelche Risike?

Die Teilnahme an dieser Studie birgt kein Risiko. lhre Ergebnisse, Erfahrungen und
Bewertungen werden so gehandhabt, dass keinerlei personenbezogene Schlussfolgerungen
gezogen werden kdnnen.

Was ist, wenn ich meine Meinung andere oder Fragen habe?

Sie kdnnen jederzeit Fragen stellen, lhre Teilnahme einstellen oder sich vollstandig aus dem
Forschungsprojekt zurtickziehen.

Bei Fragen wenden Sie sich bitte an:
Sofia Garcia Fracaro - Sofia.garcia-fracaro@merckgroup.com
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Einverstandniserklarung fir eine Forschungsumfrage im Rahmen des
Forschungsprojekts

Ich, der Unterzeichnete, bestétige Folgendes:

- Ich habe die Informationen zum Projekt gemé&lR dem Informationsblatt gelesen
und verstanden.

- Ich hatte die Moglichkeit, Fragen zum Projekt und meiner Teilnahme daran zu
stellen.

- Ich stimme meiner Teilnahme freiwillig zu.

- Ich verstehe, dass ich meine Teilnahme jederzeit ohne Angabe von Griinden
widerrufen kann und dass ich weder fir den Widerruf bestraft noch gefragt werde,
warum ich zurtickgetreten bin.

- Ich verstehe, dass andere Forscher des CHARMING-Konsortiums, die Teil des
Projektteams sind, mdglicherweise Zugriff auf die gesammelten Informationen haben
und dass die Forscher die vereinbarten Verfahren fur die Speicherung der Daten
befolgen, die im Informationsblatt aufgefiihrt sind.

- Ich verstehe, dass ich Umfragen fur die Studie beantworte und die Antworten
sicher im geschitzten Dateispeicherdienst gespeichert werden.

- Ich verstehe, dass anonymisierte Antworten aus der Umfrage in schriftlichen
akademischen und nichtakademischen Verd6ffentlichungen und
Konferenzpréasentationen zum Forschungsprojekt verwendet werden konnen.

- Ich bin damit einverstanden, dass Fotos von meiner Teilnahme gemacht werden.
Mir ist bekannt, dass anonymisierte Fotos in schriftlichen akademischen und nicht-
akademischen Publikationen und Konferenzprésentationen sowie bei Veranstaltungen
zur Wissenschaftskommunikation verwendet werden konnen.

Ich habe die Allgemeinen Geschaftsbedingungen gelesen und bin damit einverstanden.

- Ja
- Nein
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Fragebogen vor der virtuellen Realitat

Hinweis zum Datenschutz bei der Umfrage: Die Teilnahme an der Umfrage ist freiwillig. Wenn
Sie sich fir die Teilnahme entscheiden, bleiben Sie anonym. Wenn Sie nicht teilnehmen
maochten, hat das keine negativen Auswirkungen fir Sie. Um Ruckschllsse auf die Identitét der
Umfrageteilnehmer zu vermeiden, werten wir nur Fragen aus, auf die mindestens funf
Antworten eingegangen sind. Bitte machen Sie keine Angaben zu Ihrem Namen oder den
Namen anderer Personen.

Demographisches Profil
1. Teilnehmernummer:

2. Was ist ihre Altersgruppe?
e Weniger als 20 Jahre alt
20-30 Jahre alt
31-40 Jahre alt
41-50 Jahre alt
51-60 Jahre alt
Uber 60 Jahre alt

3. Was ist ihr Geschlecht?
e Weiblich
e Mannlich
e Mdchte ich nicht sagen

Fragebogen nach der virtuellen Realitat
Verwendung des Bewertungsubersichtssystems (Stufe 3)

Dieser Teil versucht zu verstehen, wie Sie die Verwendung des Bewertungsiibersichtssystems
(Stufe 3) in der virtuellen Realitat (VR) einschatzen.

Verfahrenstafel
Stufe 3. Extraktion: Vorlage Leer

Herzlichen Gliickwunsch, Sie haben den letzten Stufe
abgeschlossen

95.80% (Bestanden)

Photo shown for control group during the survey.
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Verfahrenstafel

_Bewertungsiibersichtssystems Stufe 3_
Stufe Kriterien Unterkriterien Punktzahl __Ergebnis

Praktisches Wissen  Fehler (Visuelle Uberpritung) ° Experte

3 Praktisches Wissen Zeitdaver 1 Min Experte
Selbstregulierendes Wissen Hioweise L) Experte
Praktisches Wissen Fehler (Kontrolibildschirmarbeit) Tochtig

32 Praktisches Wissen  Zeitdaver Experts
S Wissen H Experte

»
@
§-

Experte
Exporte
Experto
Tochtig
Kompetent
Experte
Experte
Fortgeschrittenor Anfanger
Experte
Experte
Tuchtg

33 Praktisches Wissen Fehlor (Inertisierung)
Praktisches Wissen

8

-~
‘§°~§°~_ oio o

Wissen H

Fehleor (Elekirische Erdung)
Praktisches Wisson Fehler (Schiduche Verbindung)
Fehler (Botried der Ventile)
Zetdaver

o Wissen
Praktisches Wissen  Fohler (Kontroliblidschirmarbeit)
Prakisches Wissen  Z
S Wissen

~

Fortseotzon

Verfahrenstafel
Stufe 3. Extraktion: Vorlage Leer

Bewertungstibersichtssystems Stufe 3

Praktisches Wissen -s-eeewme Experte

Salhet ,.- des Wi K petent

Gesamte Bemerkung Tichtig

Photo shown for experimental group during the survery.

Bitte beantworten Sie die folgenden Fragen:

6-point Likert Scale

) Stimm . Lehn
. . Stimm Stimm
Stimme | Stimm e eher . e
e eher . e nicht
stark zu ezu nicht stark
Zu Zu
ZU ab

1. Die Verwendung des
Bewertungsubersichtssyste
ms ist gunstig.

2. Die Verwendung des
Bewertungsubersichtssyste
ms ist eine schlechte Idee.

3. Die Verwendung des
Bewertungsubersichtssyste
ms ist vorteilhaft.

4. Die Verwendung des
Bewertungsubersichtssyste
ms ist toricht.

5. Angenommen, ich hatte
Zugang zum
Bewertungsubersichtssyste
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ms, dann wirde ich es
nutzen.

6. Wenn ich Zugang zum
Bewertungsubersichtssyste
ms hatte, wiirde ich es
voraussichtlich nutzen.

7. Ich plane, das
Bewertungsubersichtssyste
ms in Zukunft zu nutzen.

Bitte beantworten Sie die folgenden Fragen:

6-point Likert Scale

. 4 6
1 (Nie) 2131715 | ramen

1. Hatdas
Bewertungsubersichtssystems
genau die Informationen
geliefert, die Sie bendtigen?

2. Hatdas
Bewertungsubersichtssystems
Berichte geliefert, die genau
das zu sein scheinen, was Sie
brauchen?

3. Hatdas
Bewertungsubersichtssystems
ausreichende Informationen
geliefert?

Was sind Ihrer Meinung nach die Vorteile des Bewertungsubersichtssystems?

Was sind Ihrer Meinung nach die Nachteile des Bewertungstbersichtssystems?

Hieronder vindt u de foto van het gedetailleerde overzichtssysteem voor beoordeling (1e foto)
en het simpele overzichtssysteem voor beoordeling (2e foto)
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Verfahrenstafel

_Bewertungsiibersichtssystems Stufe 3_

___Stufe __ Kriterien __ Unterkriterien ___ Punktzahl _Ergebnis
Praktisches Wissen  Fehler (Visuelle Uberpritung) 0 Experte
a1 Praktisches Wissen Zeitdaver 1 Min Experte

wes Wissen Hinweise 0 Exporte

Febler (Kontrolibildschirmarbeit) 1 Tochtig
Experte
Experte

Experte
Exporte

Fehlor (Elokirische Erdung)
Fehler (Schiduche Verbindung)
Fehler (Botrieb der Ventile)
Zetdaver
Wissen Hinweise
Praktisches Wissen Fehier (Kontrolibildschirmarbeit)
Praktisches Wissen Zetdauer
Selbstregulierendes Wissen Hinwoise

Fortgeschrittener Antinger
Experte
Experte
Tuchtig

_gougon— o

~

Fortsetzon

Verfahrenstafel
Stufe 3. Extraktion: Vorlage Leer

Bewertungsiibersichtssystems Stufe 3

Gesamte Bemerkung Tuchtig

Wit Ges derechvet wid?

NAachste

Unten sehen Sie das Foto des detaillierten Bewertungsubersichtssystems (1e foto)

Verfahrenstafel
Stufe 3. Extraktion: Vorlage Leer

Herzlichen Gliickwunsch, Sie haben den letzten Stufe
abgeschlossen

Gesamte Bemerkung-------------- 95 80% (Bestanden)

Wie dies berechnet wied?

Nachsto

Unten sehen Sie das Foto des einfacheBewertungsubersichtssystems. (2e foto)

Welches Bewertungsubersichtssystems bevorzugen in der virtuellen Realitat (VR)? Bitte
waéhlen Sie aus den unten stehenden Mdglichkeiten.

e Ich bevorzuge die detaillierte Version (1. Foto)
e Ich bevorzuge die einfache Version (2. Foto)

Erlautern Sie bitte, warum Sie dieses Bewertungsubersichtssystems bevorzugen.

185



Appendix F — Online questionnaire used in the IVR-based assessment study
(Dutch)

Informatieblad onderzoeksproject 2021
Wat is het doel van het onderzoek?

Het doel van deze ervaring is het testen van een virtual reality-prototype. Dit prototype is
ontwikkeld om virtual reality training te evalueren als onderdeel van de opleiding van chemisch
operators bij Merck. Wij zullen u vragen om feedback over uw ervaring. Een ander doel van de
studie is de gebruikerservaring tijdens het opleidingsproces te onderzoeken.

Wie doet het onderzoek?

Dit onderzoek wordt uitgevoerd door Sofia Garcia Fracaro, Yusra Tehreem, Tim Gallagher en
Ryo Toyoda onder leiding van Dr. Michael Wilk (Merck), Prof. Thies Pfeiffer (Technik Emden),
Prof. Jarka Glassey (University of Newcastle), Prof. Kristel Bernaerts (KU Leuven), als
onderdeel van het European Training Network for Chemical Engineering Immersive Learning
(ETN-CHARMING) project.

Hoe kan ik concreet deelnemen?

U zult worden uitgenodigd om een Virtual Reality-prototype te testen. Uw deelname omvat ook
een enquéte, voor en na de Virtual Reality ervaring.

Wat gebeurt er met de informatie die u over mij hebt verzameld?

Alleen personen die rechtstreeks bij dit onderzoek betrokken zijn, hebben toegang tot de
informatie die wij verzamelen. De informatie wordt veilig opgeslagen in de beveiligde
bestandsopslagdienst. U kunt er zeker van zijn dat uw antwoorden volledig anoniem en
vertrouwelijk zijn. Het onderzoeksresultaat en het verslag bevatten geen enkele verwijzing naar
een persoon. De geanonimiseerde gegevens en de daaruit voortvloeiende analyse mogen
worden gebruikt in academische en niet-academische publicaties en presentaties.

Zijn er risico's?

Er is geen risico aan deelname aan deze studie. Uw resultaten, ervaringen en beoordelingen
zullen zo worden behandeld dat er geen persoonlijke conclusies uit kunnen worden getrokken.

Wat als ik van gedachten verander of vragen heb?

U kunt op elk moment vragen stellen, uw deelname stopzetten of u volledig terugtrekken uit
het onderzoeksproject.

Als u vragen heeft, kunt u contact opnemen met:
Sofia Garcia Fracaro - Sofia.garcia-fracaro@merckgroup.com
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Toestemmingsverklaring voor een onderzoeksenquéte in het kader van het
onderzoeksproject

Ondergetekende bevestigt het volgende:

- Ik heb de informatie over het project volgens het informatieblad gelezen en
begrepen.

- Ik heb de gelegenheid gehad om vragen te stellen over het project en mijn
deelname eraan.

- Ik ga vrijwillig akkoord met mijn deelname.

- Ik begrijp dat ik mijn deelname op elk moment zonder opgaaf van redenen kan
intrekken en dat ik niet zal worden gestraft voor mijn terugtrekking noch zal worden
gevraagd waarom ik mij heb teruggetrokken.

- Ik begrijp dat andere onderzoekers van het CHARMING-consortium die deel
uitmaken van het projectteam, toegang kunnen hebben tot de verzamelde informatie en
dat de onderzoekers de overeengekomen procedures voor de opslag van de gegevens
zullen volgen, zoals uiteengezet in het informatieblad.

- Ik begrijp dat ik enquétes beantwoord voor het onderzoek en dat de
antwoorden veilig zullen worden opgeslagen in de beveiligde bestandsopslagdienst.
- Ik begrijp dat geanonimiseerde antwoorden op de enquéte kunnen worden
gebruikt in schriftelijke academische en niet-academische publicaties en presentaties
op conferenties over het onderzoeksproject.

- Ik geef toestemming om foto's te maken van mijn deelname. Ik begrijp dat
geanonimiseerde foto's kunnen worden gebruikt in schriftelijke academische en niet-
academische publicaties en presentaties op conferenties en bij
wetenschapscommunicatie-evenementen.

Ik heb de algemene voorwaarden gelezen en ga ermee akkoord.

- Ja
- Nee
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Vragenlijst voor virtuele realiteit

Opmerking over gegevensbescherming in de enquéte: Deelname aan de enquéte is vrijwillig.
Als u besluit deel te nemen, blijft u anoniem. Indien u niet wenst deel te nemen, zal dit geen
negatieve gevolgen voor u hebben. Om te voorkomen dat er conclusies worden getrokken over
de identiteit van de deelnemers aan de enquéte, evalueren wij alleen vragen waarop ten minste
vijf reacties zijn binnengekomen. Gelieve geen informatie te verstrekken over uw naam of de
namen van andere personen.

Demografisch profiel
1. Deelnemersnummer:

2. Wat is hun leeftijdsgroep?
Minder dan 20 jaar oud
20-30 jaar oud

31-40 jaar oud

41-50 jaar oud

51-60 jaar oud

Meer dan 60 jaar oud

3. Wat is uw geslacht?
e Vrouw
e Mannelijk
e Zeg liever niet

Vragenlijst na de virtuele realiteit
Gebruik van het overzichtssysteem voor beoordeling (Stap 3)
In dit deel wordt nagegaan hoe u het gebruik van het overzichtssysteem voor beoordeling

(stap 3) in virtual reality (VR) beoordeelt.

Procedure Board
Step 3. Extraction

Assessment Overview System Step 3

Total remark === 98% (Pass)

Photo shown for control group during the survey.
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Procedure Board

_Assessment Overview System Step 3_
Criteria Sub-eriteri:

Practical knowledge  Duration
Mints.

Practical knowledge  Mistakos (Control screen work) The scoring system is based
Prciicel Sncmiecie -/ Owelien 3 on number of mistakes, hints
e Loiitire i and time taken to complote
Mestabes (Inevtization) 1 step 3.
Duration

Hints

Wistakes (Electrical grounding) — 92-100%--— Expert
Anowedge 81-91% - Proficient
Practical Mistakos (hoses.
Mistahes {operation of vatves) s 67-80% -——Compotont
50-66% - Advanced
Beginnor
o) 0-49% -——-Novice

Procedure Board
Step 3. Extraction

Assessment Overview System Step 3

Practical knowledge Expert

Total remark «--- Expert

How this s calcutated?

Next

Photo shown for experimental group during the survery.

Gelieve de volgende vragen te beantwoorden:

6-point Likert Scale
een een

: : helemaal
helemaal | mee | beetje beetje mee mee
mee eens | eens mee mee oneens

oneens
eens oneens

1. Het gebruik van
het
overzichtssysteem
voor beoordeling
IS gunstig.

2. Het gebruik van
het
overzichtssysteem
voor beoordeling
is een slecht idee.

3. Het gebruik van
het
overzichtssysteem
voor beoordeling
IS nuttig.

4. Het gebruik van
het
overzichtssysteem
voor beoordeling
is dom.
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5. Als ik toegang
had tot het
overzichtssysteem
voor beoordeling,
zou ik het willen
gebruiken.

6. Als ik toegang
had tot het
overzichtssysteem
voor beoordeling,
denk ik dat ik het
zou gebruiken.

7. 1k ben van plan
om het
overzichtssysteem
voor beoordeling
te gebruiken in de
toekomst.

Gelieve de volgende vragen te beantwoorden:

6-point Likert Scale

1 (Nooit) 21345 6(Alijd)

1. Bood het
overzichtssysteem
voor beoordeling
de exacte
informatie die u
nodig hebt?

2. Bood het
overzichtssysteem
voor beoordeling
verslagen die
precies lijken te
zijn wat u nodig
hebt?

3. Bood het
overzichtssysteem
voor beoordeling
voldoende
informatie?

Wat zijn volgens u de voordelen van het gebruiken van het overzichtssysteem voor
beoordeling?

Wat zijn volgens u de nadelen van het gebruiken van het overzichtssysteem voor beoordeling?
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Hieronder vindt u de foto van het gedetailleerde overzichtssysteem voor beoordeling (1e foto)
en het simpele overzichtssysteem voor beoordeling (2e foto)

Procedure Board

_Assessment Overview System Step 3_
Result
Prohcient

How this s
calcuatea?

The scoring system is based
on number of mistakes, hints
and time taken to complete
Mistakes (inertization) step 3.

Duration

Mints

B T o] o 92:100%-— Expert

Gatakes (Elect

Mistakes (hoses conecbon) x 81-91% -~ Proficient

Mistakes (0peration of vatves) X 67-80% -—-—-Competent
50-66% -~ Advanced

work) rofician 0-49% Novice

Procedure Board
Step 3. Extraction

Assessment Overview System Step 3

Practical knowledge Expert

Self-

Total remark - - Expert
How 148 s calculated?

gedetailleerde overzichtssysteem voor beoordeling (1e foto)

Procedure Board
Step 3. Extraction

Overview Sy Step 3

Total remark - 98% (Pass)

simpele overzichtssysteem voor beoordeling (2e foto)

Welk overzichtssysteem voor beoordeling heeft uw voorkeur in het VR-prototype? Gelieve
een keuze te maken uit onderstaande opties.

e |k heb liever de gedetailleerde versie (1e foto)
e |k heb liever de simpele versie (2e foto)

Gelieve uit te leggen waarom dit overzichtssysteem voor beoordeling uw voorkeur heeft.
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