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INTRODUCTION: Background Introduction and context of the
research topic

The rapid advancement of technology, particularly in the realm of virtual reality (VR), has
opened new avenues for innovation in various sectors, including workplace safety training.
Traditional safety training methods, while informative, often struggle to fully engage learners or
provide practical, hands-on experience in a risk-free environment. This research project
explores the potential of Immersive Virtual Reality (IVR) to revolutionize safety training, with a
specific focus on integrating Goal-Setting Theory to enhance learner engagement and
effectiveness.

The COVID-19 pandemic has accelerated the need for digital solutions in training and
education (Karakose et al., 2021)., highlighting the importance of technologies that can provide
immersive, interactive learning experiences remotely (Pather et al., 2020). IVR offers a unique
opportunity to create realistic, safe environments for trainees to practice and apply safety
procedures without real-world risks. This technology aligns well with the principles of
experiential learning and has shown promise in various educational and training contexts (Suh
& Prophet, 2018; Vats & Joshi, 2024; D. W. Carruth, 2017; Sitterding, 2019).

However, the mere use of the novel technology does not guarantee improved learning
outcomes. This is where Goal-Setting Theory, as proposed by Locke and Latham (2015), comes
into play. By incorporating clear, specific, and challenging goals within the IVR environment, we
aim to enhance motivation, focus attention, and improve overall performance in safety training
tasks.

This research project specifically addresses the question: "Can integrating Goal-Setting Theory
into an immersive virtual reality (IVR) environment enhance learner engagement and
effectiveness in site safety training?" To explore this, we have developed a series of IVR
modules that simulate various workplace safety scenarios, each designed to target different
cognitive levels based on Bloom's Taxonomy (Anderson et al., 2001).

Through this study, we aim to contribute to the growing body of knowledge on the application of
IVR in educational contexts, with a particular focus on its effectiveness in safety training. By
examining how Goal-Setting Theory can be effectively implemented in IVR environments, we
hope to provide insights that can guide the development of more engaging, effective, and
personalized safety training programs in the future.

METHODOLOGY:

Game Design and Development:

With this research topic | aim to create a small-scale demo of a gamified environment of a site safety
training, which teaches the correct safety rules for a site.

o The game will take form as an Immersive Virtual reality (IVR) environment, the game will take
the user through a training course where they will need to demonstrate they know the dangers
of where they are working.

e The user will have to complete the game to be inducted into the site, it will need to be up to
date with safety procedure and easily suitable for the target demographic.

e The goals will be clearly displayed with a clear audio and visual update with each goal
attained.
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e |t will be done by collaborating with professional in the field of electrical to ensure the game is
realistic and suitable for teaching.

Testing and Evaluation:

To begin a simple discussion with the participants about what the test is for will take place, then the
game will be played, a quiz will be given to see if they can remember the hazards and other safety
information from the project.

e Have the participants play the experience and monitor their progress and interactions with the
game.

e After the game session, give a test then analyse the results to evaluate the effectiveness of the
game in teaching site safety.

Feedback and Iteration:

From Playtest and feedback this paper will collect feedback from the participants about their
experience with the game. This will include their thoughts on the game mechanics, the difficulty level,
the integration of the educational content, etc.

This feedback will be used to iterate on the game design. Making necessary adjustments to improve
the learning experience and the enjoyment of the game.

Data Analysis

Data will be collected and stored during the testing and evaluation stage. Following this, the test
results and feedback are analysed to draw conclusions about the game’s effectiveness in teaching the
site safety rules and trends in the data will be examined to guide future decisions in game design.

Data will be stored ethically and be anonymous, for the teaching elements the data will follow a
quantitative, while for the gameplay adjustments a short qualitative text box will be provided.

REVIEW OF LITERATURE: Summary of studies, articles, and books
related to the topic.

Workplace Learning

In the 1990s, some researchers started to question if schools and universities are the only places
where people can learn. They suggested that learning can happen in other places too, such as the
workplace. This idea was discussed in a book by Lave and Wenger’s (1991) their book on “situated
learning” created a research topic that is still relevant today offering up a concept of communities of
practice. Communities of practice contain the relevant knowledge of certain fields such as trades.

One of the advancing technologies is the development of Virtual Reality (VR) (Ayoung Suh, Jane
Prophet, 2018). This technology can create realistic simulations for training and education. An area
that is ready to be explored is practical tests and activities, which would typically be costly and time-
consuming to moderate. If we can situate learning in an immersive and realistic virtual environment,
we can actively engage learners to demonstrate their knowledge in a practical environment (Ayoung
Suh, Jane Prophet, 2018.)

One of the key advantages of using VR to teach is its ability to engage learners on a deeper level (Vats,
S., Joshi, R. 2024) (Hafsia, M, 2024). Traditional teaching methods often fail to capture and maintain
people’s attention. However, according to Vats and Joshi (2024), VR technologies have the potential to
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enhance student engagement, facilitate immersive learning experiences, and improve knowledge
retention. In Sitterding (2019) they found that VR training in nursing was more effective than traditional
methods, providing a safe environment for practicing critical skills without real-world risks.

Serious games and Game based learning

Taking a look into where the concept of Serious Games started, it was first introduced by Clark Abt in
his seminal book ‘Serious Games’ (Abt, C.C., 1987), serve as the foundation of serious games. That
games can be not merely sources of entertainment but also tools for explore more serious topics, they
can be designed for education and learning new topics. That approach aligns with the principles of
game-based learning (GBL) as proposed by James Paul Gee (Gee, J.P., 2003) which serves as a
cornerstone for GBL. However, Gee also cautions that games, while effective for learning new
systems, can potentially undermine confidence if poorly designed. This is a critical consideration in the
development process of such games. While these papers are cornerstones of serious games and GBL
it is important to keep in mind that they are outdated and there has been substantial research into the
field since then.

Designing Serious Games for education: from Pedagogical principles to Game
Mechanisms (2011)

Designing Serious Games for education: from Pedagogical principles to Game Mechanisms (2011), in
this paper they give reference to a framework for serious game design, they state that it should be
deeply rooted in proper educational foundations to be effective, While the current paper advocates a
‘learning first, game second’ approach, this contrasts with the findings from previous research
examined, which predominantly supports a ‘game first, learning second’ approach, however it does
offer up some substantial findings from “game design patterns” in which they reference some of them
by Kiili (2010).

e Integration Patterns: These are solutions that integrate game elements and learning objectives
in meaningful ways, forming the foundation of educational game design.

e Cognition Patterns: These are solutions that stimulate reflective and metacognitive processes
in players, helping them process relevant content experienced through gameplay. The
effectiveness of gameplay is often linked to how quickly a player can understand and respond
to cognitive feedback; this often links back to the Kolb cycle of learning.

e Presentation Patterns: These ensure effective content processing by the player. They involve
extracting relevant information from a game world and integrating it into a coherent
representation. The challenge lies in managing the cognitive load to prevent hindering learning,
over simulating players with world information can lead to confusion.

o Engagement Patterns: These are solutions that motivate players to perform better in a game,
facilitate learning, and increase playing time, thereby enhancing the overall gaming
experience.

The paper emphasizes the role of a clean, well-designed interface in enhancing the appeal of a game.
Such an interface can potentially increase accessibility and invite demographics that typically show
aversion to instructional activities. The aesthetics and usability of the interface are suggested to
significantly contribute to the success of a game-based learning tool.
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(Figure 1, showing an uplifted minesweeper)

However, the paper also cautions designers about the placement of aesthetic upgrades. It advises
against cluttering or interfering with the main objective. One proposed solution is to display objects
according to their salience, which is one of the considerations we will be taking when design modules.

Furthermore, the paper extends its discussion beyond visuals. It suggests that appropriate audio, in
line with visuals, can enhance the learning experience. Thus, it’s not just the graphics, but also the
sound design that can play a pivotal role in the game’s effectiveness.

In summary, the paper states that every aspect of the game - from visual presentation and sound
design to user interface - is vital for the success of a game-based learning tool.

Engaging Students in the Learning Process with Game-Based Learning

In a similar way to Designing Serious Games for education: from Pedagogical principles to Game
Mechanisms (2011) this paper also offers a sweep of the theoretical underpinnings of GBL models.
Rather than proposing patterns this papers approach offers theories similar to patterns.

o Narrative-Centered Learning Theory: This theory, proposed by Rowe et al. (2015), suggests
that game-based education depends on the formation of narratives. It emphasizes the
assimilation process where students are immersed in a compelling environment and time.

e Problem-Solving Theory: This theory highlights the importance of problem-solving abilities in
today’s dynamic world.

e Engagement Theory: This theory argues that students retain concepts better when they are
more involved in the learning process.

The theory outlines three concepts to enhance student engagement: emphasizing collaboration,
adapting the learning process to project-based activities, and assigning tasks that are authentic and
relevant. Both papers generally concur that optimal learning occurs when individuals are actively
engaged with the environment and the problem at hand. A significant challenge identified is the
creation of a problem space conducive to problem-solving. The design principles for this paper will
attempt to incorporate these principles by placing the player in the shoes of a worker and having them
solve/highlight issues, looking back to the previous paper incorporating audio and crisp visuals may
make the player feel more engaged.

Methods of learning

In contrast to traditional methods, games offer a broad spectrum of interaction. When evaluated using
Bloom’s Taxonomy (1956), it becomes evident that the majority of paper-based methods reach a
certain stage and then remain static. On the other hand, games provide a dynamic approach, allowing
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for a gradual progression through the stages of learning. This flexibility in navigating the learning
process underscores the potential advantages of game-based learning methods over more rigid,
traditional approaches. it is important to note that there has been an updated taxonomy to make it
more relevant and to address some issues the older paper had (Anderson, L.W., and Krathwohl, D.R.,
et al, 2001). There are six stages in bloom taxonomy, and they are hierarchical with each stage a better
understanding.

1956 2001
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(Figure 2, Wilson 2020, showing the newer updated taxonomy)
In their study, Zainuddin, Zamzami, Alba, Amru, Gunawan, et al. (2022) aimed to construct a scale and
identify factors influencing the implementation of gamification and Bloom’s Digital Taxonomy-based
assessment in student learning. Their investigation was guided by the Goal-Setting Theory a theory
proposed by Locke and Latham (2015) then expanded on in their new paper, they propose the
importance of setting specific and challenging goals, that enhance motivations and performance, their
research suggests that clear goals can direct individuals’ attention and efforts towards activities. This
has been agreed within the field of psychology like (Csikszentmihalyi 1975) studies on flow, which is
based on intrinsically motivated behaviours. In (Nakamura, J. and Csikszentmihalyi, 2002) they state
some of the conditions that should be followed in a game to begin entering flow state.

e Anplayer performs an activity that requires them to use a skill.
e That activity provides clear and close goals with immediate feedback and progress.
e The outcome is not determined but is directly influenced by the players actions.

While individual learning processes and paces vary, research has been conducted to categorize
learning style models. One of the cornerstones of this research is a prominent model is that proposed
by David Kolb in (Kolb, 1984). Kolb developed a theory suggesting a four-stage learning cycle alongside
four distinct learning styles.

This theory which he called Kolb’s Experiential Learning Theory (ELT) states that learning is a progress
where knowledge is created through experiences. Kolb originally identified four stages in the learning
cycle:

e Concrete Experience: This is the stage where the learner actively experiences an activity.
o Reflective Observation: The learner consciously reflects back on that experience.

e Abstract Conceptualization: The learner attempts to conceptualize a theory or model of what
is observed.
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e Active Experimentation: The learner is trying to plan how to test a model or theory or plan for a
forthcoming experience.

Alongside these stages, Kolb also originally proposed four distinct learning styles, with two styles
(Active and passive):

o Diverging(Passive): These learners prefer to observe rather than take action, they are able to
view concrete situations from multiple perspectives.

o Assimilating(Passive): These learners require a good clear explanation rather than a practical
opportunity, they excel at understanding wide-ranging information and organizing it in a clear
logical format.

o Converging(Active): These learners can solve problems and will use their learning to find
solutions to practical issues, they prefer technical tasks, and are less concerned with people
and interpersonal aspects.

e Accommodating(Active): These learners are ‘hands-on’, and rely on intuition rather than logic,
they use other people’s analysis, and prefer to take a practical, experiential approach.

It is worth noting that there has been more research into the topic and there have been new insights
(Kolb, David & Kolb, Alice, 2013), which introduced more diverse styles of learning, this was developed
in response to some criticism with the model previous proposed by Kolb, which stated that the original
proposal was limiting.

Concrete Experience

nititing Experiencing

tive Experimentation

p
-

Al

+

Abstract Conceptualization

(Figure 3. Kolb, David & Kolb, Alice, 2013, showing the new version),

This can be integrated with other models like goal setting to motivate layer goals for what they hope to
achieve within the cycle.
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FINDINGS: Integration and synthesis of the main findings from the
reviewed literature.

Breaking down the literature review into segments reveals what relevant information can be
gathered and applied onto the design and development of this research project.

Intrinsic Motivation: Goal-Setting Theory (Locke & Latham, 2015) highlights the role of specific,
challenging goals in enhancing motivation and performance. In educational games, clear and
attainable goals can foster intrinsic motivation (Nakamura, J. and Csikszentmihalyi, 2002), making
them effective tools for learning. This theory supports the idea that integrating goals into gamified
learning environments, such as IVR, can improve engagement and learning outcomes, learning is more
effective when intrinsic motivation is present, the design of this project needs to keep that in mind,
how do you make something intrinsic without being forced? Is another good question that may need
answering. For this project I’'m going to be taking the classic approach of using scores and numbers to
reward the player, however how effective that may be may depend on the type of learner, | proposal
that this proposal will be more effective with the hands-on learner type.

Design Principles: Research on Serious Games and Game-Based Learning (Abt, 1987; Gee, 2003)
highlights that games can be powerful educational tools when designed with thoughtful alignment
between game mechanics and learning objectives. The framework provided in "Designing Serious
Games for Education" (2011) emphasises the importance of integrating thoughtful design with
engaging game mechanics, cognitive stimulation, effective presentation through well-designed
interfaces and environments. To that end the artefact will be designed so that the environment will be
relevant to what an assumed end user might be training for and breaking it down into modules to
lessen the cognitive load.

IVR Applications: Immersive Virtual Reality (IVR) has been shown to provide realistic and interactive
training environments (Carruth, 2017; Cooper et al., 2021). and (Sitterding, 2019). IVR’s immersive
nature can support Goal-Setting Theory by allowing learners to experience and practice skills in a
simulated environment with immediate feedback, enhancing motivation and learning effectiveness.
For this proposal, learners could practice hazard identification in a virtual worksite before applying
these skills in real situations. IVR enables the creation of realistic simulations that replicate actual
work conditions this approach ensures that learners are well-prepared for real-world applications by
actively engaging in practical, hands-on training scenarios.

Engagement through VR: Studies by (Vats and Joshi, 2024; Hafsia, 2024) confirm that VR can
significantly enhance learner engagement on deeper levels by providing immersive experiences. This
aligns with the application of Goal-Setting Theory in IVR, where clear goals and interactive elements
can drive motivation and improve learning outcomes. Kolb’s Experiential Learning Theory (1984; Kolb
& Kolb, 2013) and Bloom’s Taxonomy had (Anderson, L.W., and Krathwohl, D.R., et al, 2001).
highlights different stages of learning. Integrating these models into gamified IVR environments with
different levels of learning engagement could facilitate more effective skill development through active
engagement and reflection.

After looking at all of the research, the question originally proposed “Can integrating Goal-Setting
Theory into an immersive virtual reality (IVR) environment enhance learner engagement and
effectiveness in site safety training “brings up new questions like.
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e What learner type responds best to VR based learning?
e Are players aware of the different levels of cognitive complexity?

The questions highlighted greens are ones that | will be including in the questionnaire part of this
proposal, while the one in red needs a much larger scale study than what this attempt to accomplish.

GAPS AND LIMITATIONS:

Firstly, the sample size of this study (n=8) is notably small, which significantly limits the
generalizability of our findings. This constraint was primarily due to the limited availability of VR
equipment and the time-intensive nature of individual testing sessions. The small sample size restricts
the ability to draw definitive conclusions about the effectiveness of our approach across diverse
populations, however we have a majority of the right demographic.

Another limitation the time constraints of this project (approximately three months) limited the scope
of our investigation. This prevented us from conducting longitudinal studies that could have provided
insights into the long-term retention of safety knowledge and skills acquired through our IVR training.
Additionally, it restricted our ability to iterate on the design based on user feedback, which could have
potentially improved the overall user experience and lead to better learning outcomes.

Also, novelty of VR technology to many participants (37.5% had no prior VR experience) may have
introduced a novelty bias. This could have inflated engagement scores and potentially masked
usability issues that more experienced VR users might have identified. However, a benefit might be
that they can identify issues with the new user experience.

There may be a potential Bias in the Self-Reported Learning Styles since it relies on self-reported
learning styles which may introduce bias, as participants' perceptions of their learning preferences
may not accurately reflect their most effective learning methods.

Despite these limitations, the study could provide a foundation for exploring the potential of IVR and
Goal-Setting Theory in enhancing safety training.

Development of project

To start, my goal was to develop a straightforward environment for testing VR interactions and
exploring how VR development contrasts with traditional game development. In designing this space, |
aimed to create a realistic workplace setting where users could apply the knowledge gained from this
project. Research indicates that training environments mirroring real-world scenarios can enhance
efficiency and learning outcomes (Cooper et al., 2021). This study highlights the use of visual and
sensory cues to reinforce correct behaviours. I've taken some inspiration from the use of feedback
cues, and made interactive object have some kind of feedback response.
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(Image of the main area, showing its warehouse appearance)

after getting to understand how VR interactions worked | wanted to create five learning
experiences each with a different stage of the bloom taxonomy to allow for different levels of
learning skills being applied, allowing for some easier tasks such as remembering information,
then having tasks requiring the player to act on that information, and finally for them to evaluate
situations, showing a higher level of understanding something that the traditional tests may not
be able to clearly do.

Game tasks

Design

Based on the toolbox talks and documents provided by industry professionals, | have crafted
scenarios that simulate realistic workplace situations for interactive play rather than the
traditional broad discussion. It has been shown that IVR has the potential to make workers
faster and better at their job (Donovan, 2018) so the aim of this initiative is to create a more
effective and engaging method for learning safety training procedures compared to traditional
methods. This is important research because traditional training techniques often become
monotonous and may not fully engage learners. By using an interactive style of safety training,
we aim to enhance both retention and application of safety procedures. Interactive training can
potentially improve memory recall and comprehension, as it allows learners to actively
participate and apply their knowledge in a simulated environment, rather than passively
receiving information.
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Toolbox Talk

140 STEPLADDER

What?

m Stepladders are used regularly for various work activities at height, particularly
to access equipment high on a wall or on a ceiling.

B Many colleagues have been issued with a set of Stepladders and use them
regularly.

Why?

® Every year a significant number of people fall from a stepladder, causing injury.

B Stepladders must be inspected before use to check for faults or damage. Any
defect should be reported immediately and the equipment withdrawn from use.

B Stepladders must be set up correctly and secure before use. If the stepladder
can’t be set up safely, work must stop and alternative arrangements made.

B |f a stepladder is not suitable for the activity, an alternative means of access
should be arranged.

Do Don' x|
v Always conduct a Dynamic Risk
Assessment before using a stepladder ¥ Use damaged or defective equipment
v Visually inspect before use. * Paint stepladders, it could cover defects
¥ Use the stepladder for the purpose for X Overload the stepladder
which it was designed ¥ Use the top 3 rungs of the stepladder, a
" Ensure the ground is firm, level and that hand hold must be available at all times
all stepladder feet are in contact with the ¥ Allow any mare than one person on the
ground and the steps are level. stepladder at one ime
¥ Use a Toolbelt ¥ Over-reach. Move the stepladder instead.
¥ Ensure locking devices are engaged Ensure the users belt buckle remains
¥ Try to position the stepladder sa it faces within the stiles at all times.
the work activity. ¥ Use stepladders on slippery, uneven or
¥ Maintain 3 points of contact or if both hazardous floor surfaces
hands are required, two feet and the body ¥ Use stepladders where weather
are supported by the stepladder. conditions are prohibitive.
v Practice good manual handling and store ¥ Use as a conventional ladder.
securely X Use stepladders unless it is safe to do so
¥ Use due care and attention when using under any circumstances.
stepladders at ALL TIMES.
¥ STOP WORK if it is not safe to
proceed/continue

r/
Johnson ﬁ"
Controls

(Image of a toolbox talk, relating to stepladder uses, Jonson controls, no date)

From these general toolbox talks | looked into what could | implement into an interactive
experience and then how to best teach the information, | looked into other IVR safety training
modules such as (Sentient, 2016) and (Purdue Envision Center, 2019) and | noticed that they
weren’t very intractable, and they slotted into the more conventional listen and repeat style of
learning.

So to differentiate mine | created a more open world environment where the player can move
around and interact with objects in a physical virtual environment that can take advantage of
situations which may require the player to find and look around before proceeding, This design
caters to hands-on learners, following the Kolb Learning Cycle, by providing an open-world
experience that encourages active participation, which | believe my application will appeal to.

| noticed that other IVR safety training programs effectively communicated safety rules with
clear and well-paced voiceovers, and by using a human figure. | used this as a model for
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improving the clarity and timing in my own training, they also made good use of clear visual
guides and displays.

For each task room, | employed the presentation patterns to learning efficiency. | designed
each room to be appropriately sized for the module’s requirements and included only essential
elements to reduce visual clutter. This approach ensures that the users interact only with
relevant objects or deliberately incorrect ones, which helps support their focus. From my
previous research having good visual presentations (Ott, Michela & De Gloria, et al 2011) leads
into having clear cognition patterns, | incorporated several key principles into the design of
each of the task rooms:

e Cognitive Load Management: | broke down the simulation into smaller, manageable
modules to prevent overwhelming users. This approach allows for gradual learning and
reduces cognitive overload, this also allows for them to quit and return later to
complete the module rather than having to finish the simulation all in one go.

e Scaffolding: | included guided interactions cues and hints within the environment, the
idea of a toolbox talk isn’t to fail but to be able to safely ask questions and understand
what the risks are, so when designing | made sure that there were no hard fails or
tension inducing elements such as timers, which is core to the design of being able to
stop and come back to any of the modules.

e Sijtuated Learning: The rooms are designed to mirror real workplace environments
where users might apply the training, making the experience more relevant and
contextual.

So, the application was designed to avoid fail states, ensuring that the primary focus remains
on teaching rather than penalizing mistakes. The environment is intentionally structured to
guide users through the learning process without the possibility of failing or getting stuck.

For example, if users answer only 8 out of 10 questions correctly, they are not penalized but
rather encouraged to reflect on the missed answers and taken back to the start of the quiz
module where they can choose the correct answer. This design choice ensures that the player
remains engaged and motivated to complete the simulation, reinforcing learning through
positive reinforcement and continuous improvement. The aim is to create a supportive learning
environment where users can explore and learn from their interactions, ensuring that they
complete the training and acquire the necessary knowledge.

The design and implementation of the game tasks in this study were guided by established
learning theories and pedagogical principles, with a particular focus on Bloom's Taxonomy
(Anderson et al., 2001) and Goal-Setting Theory (Locke & Latham, 2015). Each module was
crafted to target specific cognitive levels and learning objectives, while incorporating elements
of goal-setting to enhance motivation and engagement. The following subsections detail the
design rationale, implementation, and theoretical groundworks of each task.
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Person Protective Equipment Module - (Remember)

Objective: To reinforce participants' knowledge of correct personal protective equipment
through active recall and selection.

This module targets the "Remember" level of Bloom's Taxonomy, focusing on the retrieval of
relevant knowledge from long-term memory. The task requires participants to identify and
select five correct pieces of PPE, aligning with the basic cognitive processes involved in
remembering and recognizing information (Anderson et al., 2001).

The design incorporates principles of Goal-Setting Theory by providing clear, specific objectives
(selecting 5 correct PPE items) and immediate feedback (Locke & Latham, 2015). This approach
aims to enhance motivation and task performance.

The on-boarding audio for this module starts by induction why PPE is important to be worn, then
it moves onto tell the player the goal which is to select the 5 PPE.

Feedback Cues

Visual feedback: hovering over an object provides an outline showing that it is selectable.
Audio feedback: selecting a correct object lets out a light chime symbolling that it is correct.
Haptic feedback: coming on contact with an object vibrates slightly.

Objective: Find 5 pieces of correct protective equipment

Correct Objects:
e Hardhat
e HighVis
e Safety glasses
e Steeltoe caped boots
e Gloves

Why is this important to know, having the correct safety equipment minimises the risk of injury.

(Image of the locker room, showing its appearance before feedback)
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After a few playtesting sessions this room was modified based on feedback from participants to
make things clearer, the new room incorporated coloured safety glasses to make them stand
out more and be clearer that they are the correct answer.

(Image of the locker room, showing its appearance after feedback)

Manual handling activity — Understand — Apply

Objective: To demonstrate comprehension of proper manual handling techniques and apply
this knowledge in a simulated environment.

This module spans two cognitive levels of Bloom's Taxonomy: "Understand" and "Apply." It
begins with comprehension of correct bending and lifting techniques, then progresses to the
application of this knowledge in a simulated task environment.

The progression from understanding to application aligns with Bloom's Taxonomy, facilitating
deeper learning (Anderson et al., 2001). The practical application phase incorporates principles
of situated learning theory (Lave & Wenger, 1991), allowing participants to apply knowledge in a
contextually relevant environment, which is designed to reflect a warehouse.
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(Image of the manual handling room, showing its appearance)

This situation was designed to get the player moving and preforming the safe lifting methods,
through observation. | included using lifting equipment such as pallet loaders, to make the
project more interactive and to demonstrate that not all objects can be lifted by hand.

(Image of the manual handling activity room, showing its appearance)

This section takes a step further in the bloom taxonomy not just understanding what is required
but applying it in the simulation, getting the player involved directly in the more interactive

section of the modules shows understanding when they use the pallet loaders since they can’t
lift it directly.
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One thing | would have liked to include was using the equipment like how a person would
normally, | had to abstract it into just grabbing and moving. Which is not what it is like, this
might present a problem and a goal for future development.

Manual handling quiz - Remember

Separate to the manual handling activity is the
manual handling quiz, this quiz reinforces what
the player has learned from the manual handling
activity.

The goal of this task is for the player to correctly
select the appropriate answers to see if they
remembered important information from the
activity.

One thing | believe might be an issue is the small
clickable answers which might present a
problem with VR controls.

(Image of the manual handling quiz room, showing its appearance)

Ladder safety - Evaluate

Objective: To assess participants' ability to evaluate ladder setups for safety compliance in
various scenarios.

This module targets the "Evaluate" level of Bloom's Taxonomy, requiring participants to make
judgments based on criteria and standards. Participants must assess different ladder setups
and determine their safety and compliance with regulations.

This module was designed to make the player think about how ladders setups have been placed
in different conditions as using ladders has one of the highest risks (Hse.gov.uk, 2023).

This task leverages the capabilities of VR to present scenarios that would be impractical or
dangerous to replicate in real-world training (Suh & Prophet, 2018). The evaluation process
engages higher-order thinking skills, aligning with the upper levels of Bloom's Taxonomy
(Anderson et al., 2001). The task structure incorporates elements of case-based learning, which
has been shown to enhance critical thinking and decision-making skills (Belland, Brian et al,
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2013).

Cuyrrent Score

(Image of the ladder safety room, showing off a situation)

Riser awareness — Apply
Obijective: To apply knowledge of riser room safety protocols in a simulated environment.

This module focuses on the "Apply" level of Bloom's Taxonomy, requiring participants to
execute learned procedures in a new situation. Participants must identify potential hazards and
apply safety protocols in a simulated riser room environment.

In larger buildings there normally is a room called the riser which is a room where all of the
main supplies run up, this room has a high degree of risk associated with it. Before the
player starts the task for the module they are told about the dangers associated with risers
and some rules about entering.

In this module the player is tasked with ensuring that the room is safe, by highlighting the
dangers and the conditions to enter the room as they do this the room is returned to a safe
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state.

(Image of Riser safety room)

Visual design

When designing the environment and activities, | had to
keep in mind the limitations of VR along with minimizing
the associated risks with VR. One limitation of VR is the
number of polygons that can be displayed without
slowing down the simulation, | encountered a problem
while developing the project it wouldn’t build. | later
realised that the problem was an overload in the number
of polygons being rendering before play, to keep the
count down, | manually removed polygons from models,
and | used simple shapes to maximize the amount | could
use for more important objects. However, this did mean |
couldn’t place as many objects to decorate the
simulation as | would have liked, which could make it
seem less lived in and therefore less realistic.

One common method | implemented was a soft fading
out when moving between rooms, this has been shown to
reduce the motion sickness with VR (lrving, 2016) rather

than just jumping to a new view, another method was
using a consistent visual cue, where only objects that are (Color With Leo. 2023).

highlighted by the player glow, and including colour coding
objectives that are either green or red. Avoiding having sharp contrasting colours has been
shown to reduce eye strain

| have incorporated icons and labels in the relevant rooms for the player to look at as a fallback
method; to help them to complete the task, the design of the icons are matches of what will be
in a real worksite.

Feedback mechanisms

In addition to all the boards displaying the objective and current score in each of the activity’s
rooms, the rooms included physical feedback showing that objects are interactable, or sound
cues for objectives completed or failed (Cooper et al., 2021), this gives immediate notice to the
player that they are performing a task correctly or incorrectly.

| made sure that the interactions were standardised which used consistent control schemes, to
help the player reduce the cognitive load of the technology, and to provide constant experience
through the modules.

Results

The sample size as previously mentioned is going to be a small sample size however this could
be seen as a preliminary study into seeing whether there is potential in this type of technology
for learning.
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The demographics were relevantly broad for the type of technology and subject, 50% were aged
18-24 while 45-56 were 25%

This included industry professionals and younger non construction professionals.

37.5% had no experience with VR before this application while 50% rated themselves as
beginner said they heard and have used the technology before.

This reduced experience might have had a result on how well they able to interact with the
project.

The majority of those that put their job title in the form had a connection with at least one
module of the simulation most likely the manual handling section since this is a common
aspect of hands-on jobs.

Most people who participated self-identified their learning style as kinaesthetic learners

For the broad overall design questions, they were graded on a 7-point scale this humber was
chosen so that testers could give a neutral/balanced view.

> What did participants think of how easy it was to interact with the application?

The average score was 4.63. with the most common score being 5 with the lowest being 3.
7. Was you able to interact with the application easily? (0 point)

More Details

4.63 2

Average Rating

0
1 3 5 7

This does show that there were issues with the controls and certain interactions, looking
into some of the qualitative the most highlighted issue was that the hand controller was
“glitchy” and it was hard to aim at objects. Future development of the project would need to
address those issues and provide a more stable aiming control.

» What did the participants feel about having immediate feedback on their score?

The average score was 5. 4 and 6 were the most common answers.
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9. Did receiving immediate feedback on your score make you feel more motivated to continue? (0 point)

More Details

5.00

Average Rating

This graph is interesting since it’s the only chart that doesn’t have a standard bell curve; it’s
more bimodal. This suggests that there might be multiple factors influencing the distribution.
The concentration of scores around 4 and 6 indicates a split in participants' opinions about
immediate feedback on their performance. This divide could be attributed to various factors,
such as individual preferences for learning styles, prior experiences with gamified learning, or
differing levels of comfort with technology. however, this also demonstrates that the absence of
extreme scores (1 or 7) indicates that while opinions varied, participants generally found value
in the feedback system and that it was motivating.

» What did participants think of how realistic and practical the scenarios were in the
simulation

The average score was 5.63. 7 out of 8 the participants gave the score above the average.

8. Do you find the scenarios realistic and practical in the simulation? (0 point)

More Details

5.63 2

Average Rating

This shows that the participants found the scenarios to be relatively realistic and practical but
there is room for improvement. This is a good result and shows that the application has
potential, in the actual scenario learning expectation.
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» What did participants think of how immersive the simulation experience was.

The average was 5.50. with the common score being 5. With the highest being two 7’s and
the lowest being a 3.

10. How immersive was the simulation experience for you? (0 point)

Maore Details

5.50

Average Rating

This score indicates that the application was kind of immersive, this lean to towards the higher
score could be in part due to the novity of the VR application among the non-experienced VR
people however the low score indicates that there was something that broke the immersion.
From the participant ID feedback, their feedback was that their major issue was the control
being jittery.

For the questions that arise while developing.
1. What learner type responds best to VR-based learning?

Most participants self-identified as kinaesthetic learners. This aligns well with the nature of VR-
based learning, which is naturally interactive and involves physical movement. kinaesthetic
learners were generally more positive in their responses which suggest that VR-based learning
may be particularly effective for this learning style. This makes sense given that VR allows for
hands-on, immersive experiences that align well with kinaesthetic learning preferences.
Although the extremely low sampling size may have bias and a larger study should really be
done to see if this is the case.

2. Are players aware of the different levels of cognitive complexity?

Participants were generally aware of what the correct level of cognitive complexity however
towards the higher level of cognitive there was a tendency to less confidence.

With the PPE Module (Remember) most participants correctly identified this as "Remembering"
which shows good awareness of the basic cognitive level.

Manual Handling (Understand/Apply): Responses varied between "Understanding," "Applying,"
and "Evaluating," indicating some awareness of the higher cognitive demands but also some
uncertainty. This didn’t include evaluating any situations however the use of switching between
tools may have led the participants to believe that they are evaluating what tool to use. While in
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fact they are understanding that they cant lift certain objects and applying what they have been
told.

Ladder Safety (Evaluate): The responses included "Analysing" and "Evaluating," suggesting that
participants understood that the higher-order thinking was required, even if they didn't always
use the exact term. This could be because they were both analysing the situation and
evaluating however this type of situation used a basic yes or no which leads it towards more of
simple evaluating.

Riser Awareness (Apply): Responses were mixed included "Understanding," "Applying," and
"Analysing," showing a range of perceptions around the cognitive level required. This module
was the least correctly identified, possibly due to its design. While intended to apply knowledge
from the introductory talk, the task of identifying hazards could be misconstrued as
understanding or analysis. This mistake highlights the challenge of clearly distinguishing
cognitive levels in immersive learning environments, where the boundaries between
understanding, application, and analysis can become blurred.

This demonstrates that participants did have some understanding of the increasing levels of
cognitive intensity, future research could look into tailoring learning experiences towards
individuals.

CONCLUSION:

Based on the research conducted and the results attained, this study suggests that the
integration of Goal-Setting Theory into an immersive virtual reality (IVR) environment for site
safety training shows promising potential for enhancing learning.

The findings indicate that there are several advantages of this approach over traditional training
methods, however there are some issues that need to be addressed before such can be
develop.

Looking into the results the IVR environment provided a realistic and practical simulation of
workplace scenarios, scoring an average of 5.63 out of 7 for realism and practicality. This
immersive quality allows learners to experience and interact with potential hazards in a safe,
controlled environment. Furthermore, the overall immersive experience scored 5.50 out of 7,
indicating that participants found the VR-based learning engaging. That engagement is crucial
for maintaining learner attention and improving knowledge retention.

The incorporation of immediate feedback on performance, a key principle of Goal-Setting
Theory, was generally well-received, with an average score of 5 out of 7. This aligns with the
theory's emphasis on clear progress indicators and motivation for improvement. Additionally,
participants demonstrated some awareness of the different levels of cognitive complexity in the
tasks, particularly at lower levels. This suggests that the design successfully incorporated
varying levels of cognitive engagement, potentially leading to more comprehensive learning
outcomes.

Interestingly, our study found that the participants that self-identified as kinaesthetic learners,
generally responded more positively to the VR-based learning. This indicates that IVR may be
particularly effective for hands-on learners who benefit from physical interaction and
experiential learning.
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However, our research also revealed areas for improvement. The average score of 4.63 out of 7
for ease of interaction suggests that there is room for enhancing the user interface and control
mechanisms. Some participants reported issues with "glitchy" hand controllers and aiming
difficulties. Additionally, while participants generally recognized different levels of cognitive
engagement, there was some confusion at higher levels. This indicates a need for clearer
design and communication of cognitive objectives within the IVR environment.

It is important to note the limitations of this study, particularly the small sample size, which
restricts the quality of the findings. A larger-scale study would be beneficial to confirm and
expand upon these initial results.

In conclusion, our research suggests that the integration of Goal-Setting Theory into IVR for site
safety training shows promise in creating an engaging, effective, and immersive learning
experience. It appears particularly well-suited for kinaesthetic learners and offers unique
advantages in simulating real-world scenarios safely. However, further development is needed
to refine the user interface and clarify cognitive objectives.

Future research directions should include larger sample sizes and more complex modules to
provide more definitive insights into the effectiveness of this approach compared to traditional
training methods. Additionally, investigating the long-term retention of safety knowledge and its
transfer to real-world situations would be valuable. Exploring the potential of adaptive IVR
systems that can tailor the learning experience to individual learning styles and cognitive levels
could also yield interesting results.

This study lays a foundation for the potential of IVR in revolutionizing safety training in various
industries. As technology continues to advance, the integration of pedagogical theories like
Goal-Setting Theory with immersive technologies may pave the way for more effective,
engaging, and personalized training experiences in the future.
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