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Abstract

This thesis explores the potential of Virtual Reality (VR) as a platform for indus-
trial safety training, using the emerging Swedish battery industry as a case study.
With the increasing demand for a skilled workforce in hazardous environments,
such as battery manufacturing, traditional training methods fall short due to limi-
tations in realism, scalability, and safety. This research evaluates the e ectiveness
of VR training on knowledge retention, user engagement, and real-world task per-
formance through empirical user studies conducted in collaboration with Battery
Centre Gothenburg (BCG). A pre-study involving user testing with 78 participants,

a literature search and stakeholder interviews laid the foundation for a detailed,
validated requirement speci cation. The speci cation consists of 6 categories and
61 individual requirements. These requirements aimed to guide the design of e ec-
tive VR training systems from a Human-Computer Interaction (HCI) perspective.
A Proof of Concept (PoC) VR scenario was developed in Unity, in order to test
and validate the results in the requirement speci cation. The PoC incorporated key
HCI features, identi ed in the requirements speci cation, such as intuitive interac-
tion, real-time feedback systems and cognitive load management. The requirement
speci cation was evaluated through surveys and a measured real-world safety task,
compared to a control group, with a total of 14 participants. Results show that the
VR training improved recall of safety procedures, reduced task completion time and
improved both user comfort and immersion. However, participants reported lower
post-training con dence and risk understanding compared to prior training, indicat-
ing a need for deeper re ection and more complex, nuanced training scenarios. The
discussion highlights the role of HCI in supporting engagement and usability, and the
importance of balancing simplicity with instructional depth. The thesis concludes
that VR can be an e ective tool for safety training in high-risk industries when de-
signed with user needs, technical feasibility, and learning goals in mind. A validated
requirement speci cation and insights from real-world testing o er a foundation for
future development of scalable and e ective VR-based training systems.

Keywords: virtual reality (VR), safety training, battery safety, industrial training,
knowledge retention, HCI, software engineering, requirements engineering, usability
evaluation, VR development
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Introduction

In recent years, there has been a growing focus on battery production as a means to
support the ongoing electri cation in Sweden. This growth has created an urgent
need for a skilled battery workforce, equipped with knowledge in areas such as bat-
tery cell manufacturing, battery assembly and recycling [1]. Today, this workforce
is still evolving as the battery industry is taking its shape in Sweden and a talent
shortage is evident [2].

In response to this need, the city of Gothenburg (G6teborgs Stad), in collaboration
with Vastra Goétalandsregionen, conducted a pilot study that identi ed the need for
specialized battery training [3]. As a result, an initiative was launched to establish a
dedicated training center, which Gothenburg Technical College (GTC) was awarded
the responsibility of designing, developing, and operating. This is now known as
Battery Centre Gothenburg (BCG). BCG provides essential skills and safety training
for the future battery workforce in Vastra Goétaland. One of the objectives of the
center is to upskill and reskill employees to be able to safely and e ectively transition
to work in a battery factory. This includes training on chemical handling used in cell
production, as well as electrical safety and working in high voltage areas. Education
at BCG includes traditional classroom training, physical workstation training and
various virtual training modules using extended reality technology [4].

This study aims to evaluate the e ectiveness of Virtual Reality (VR) as a safety
training tool in the context of Sweden's battery industry environment. Although
the study focuses on the battery industry as a case study, the ndings aim to con-
tribute to a deeper understanding of how VR can support training for hazardous
industrial environments. The research focuses on evaluating the e ect of VR train-
ing on learning outcomes and usability by conducting an empirical study including
participants in BCG's training program. Re nement and enhancements of the VR
training methodologies will be derived from the ndings. This thesis intends to con-
tribute an assessment of the current VR training system, data on the e ectiveness
of learning and usability, and implement the proposed improvements based on the
study outcomes.

There are several challenges emerging as VR is introduced as a training method in
manufacturing, including its usability, e ectiveness and inclusivity [2][5]. To ensure
that the VR training system meets industry demands, it needs to be designed with
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human factors in mind [4]. Such challenges include ease of use and engagement,
consideration for diverse skill levels and maintaining real-world applicability [2][5].
There is a need for a structured approach to design e ective VR training solutions [6].
This study applies Human-Computer Interaction (HCI) and User-Centered Design
(UCD) principles to ensure that the VR system is aligned with user and industry
needs.

1.1 Problem Description

In modern industry, there is a growing demand for e ective and scalable workforce
training, driven by rapid technological advancements, increased safety regulations
and the need to maintain high productivity levels in competitive markets [4][7]. This

Is especially important in physically demanding, high-risk, or safety-critical environ-
ments such as manufacturing, construction, biotechnology, and chemical processing,
where errors can have serious consequences for both personnel and equipment [8].
Traditional training methods, such as classroom instruction and onsite practice,
often fall short, as they are frequently constrained by safety risks, high costs, lim-
ited availability of expert instructors, and a lack of realistic practice environments
[9][10]. Moreover, they frequently fall short in preparing workers to respond to
real-life emergencies or hazardous scenarios [7].

VR o ers a promising alternative by allowing trainees to practice procedures and
handle emergency scenarios in immersive, interactive, and safe environments. Re-
search shows that VR training can improve knowledge retention, engagement, hazard
awareness, and task accuracy across several industries [2][11]. It supports repeated
practice of hazardous tasks and can simulate stressful or rare situations without
real-world risks [12][10]. However, using VR in training poses its own challenges.
Designers must consider mental strain, how realistic and easy to use the simula-
tion is and whether the experience actually helps in real-life situations [13][14]. The
training system should also be adapted to the users' needs and match the complexity
of the task [5].

This thesis examines these broader challenges with VR in industrial training through
a case study in the Swedish battery manufacturing industry. Many companies are
starting to explore and use VR training as a safer and more e ective alternative to
traditional training methods. This use case is well suited for this study, as it re ects
common challenges faced in high-risk industries and contributes to solving broader
problems related to the design and implementation of VR-based job training.

1.2 Aims of the Study

This study aims to investigate gaps in the application of VR training within the
battery industry by evaluating its e ectiveness in improving safety trainings and
usability. By applying software engineering and HCI principles, the research seeks
to re ne VR training methodologies and propose enhancements that align with

2
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the speci c needs of the industry. The ndings aim to contribute to the broader
understanding of the role of VR in industrial training by providing new insights
to extend existing knowledge and o ering a framework for designing scalable and
inclusive training systems.

More speci cally, the study focuses on evaluating the e ectiveness of a VR training
system that was developed and launched at BCG in January 2025. The study
evaluates students' ability to learn and transfer knowledge using the simulated VR
environment as well as how VR technology can facilitate learning. Based on these
ndings, the study aims to develop a validated requirement speci cation for VR
safety training, grounded in HCI principles and user feedback. This speci cation
serves as a framework to guide practitioners in designing VR environments that are
e ective, engaging and scalable for industrial training purposes. To validate this
framework, a Proof of Concept (PoC) VR training scenario will be developed in
Unity. This PoC will incorporate core HCI features such as intuitive interaction,
real-time feedback and cognitive load balancing. Ultimately, the aim is to evaluate
and improve the existing VR training system for future educational use at BCG,
and to contribute insights that can inform safety training practices in other high-
risk industrial sectors. Beyond the battery industry, the insights from this research
aim to o er generalizable guidance and validated frameworks for designing e ective
VR-based training solutions across a range of safety-critical environments.

To achieve this, the study examines the following research questions:

RQ1: What requirements need to be considered for VR to be e ectively

used as a training tool in industrial settings, with battery safety training

as a use case?

This question focuses on exploring the requirement fundamentals necessary to ensure
the system's ability to address the needs of the industry and users, and to function
e ectively as a training tool in industrial safety training. The focus will be on
general VR training needs while also including speci c factors from the battery safety
industry. Aspects such as functional requirements, non-functional requirements,
system and data requirements and validation will be explored.

RQ2: How can HCI principles impact engagement and e ectiveness in
VR-based training?

This question aims to explore how a user-centered approach can improve the learning
experience in VR training. It focuses on evaluating HCI strategies such as interface
design, interaction feedback mechanisms and cognitive load in uence, to optimize
usability, engagement and the e ective transfer of knowledge.

To address RQ1 and RQ2, this study will investigate how the current VR-based
safety training system can be improved based on established requirements and HCI
principles. Furthermore, it will explore how these insights can be directly imple-
mented to evaluate and enhance the current VR training system. The study will
determine usability gaps and implement improvements to optimize the learning ex-
perience.
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1.3 Signi cance of the Study

This thesis contributes to both academic research and industry practice. It inves-
tigates the use of VR as a tool for safety training in the battery manufacturing
industry. This is an area where VR applications are still limited and not well stud-
ied. The study follows a user-centered and iterative design approach. It is based
on principles from HCI and software engineering. These principles help ensure that
the training system is both e ective and adapted to the needs of real users. This
Is important in high-risk industrial environments where traditional methods often
lack realism, engagement, or exibility.

For researchers, the thesis presents a structured and repeatable approach to design-
ing VR training systems. It builds on established frameworks and uses empirical
user feedback. While the focus is on battery production, the training challenges
addressed in this study are common in many other high-risk elds. These include
hazard awareness, complex tasks, and safety-critical decision-making. This means
the approach could be useful in other industrial settings as well. For practitioners,
the thesis o ers clear guidance and useful methods. These can support the planning
and development of VR-based safety training in real work environments.

1.4 Delimitations

This thesis is delimited by its focus on short-term learning outcomes. No long-term
evaluation of knowledge retention or on-the-job performance is conducted. The
study is also delimited to a speci ¢ user group consisting of students and blue-collar
workers in the battery manufacturing industry. It does not include supervisors, man-
agers or participants from other industrial sectors. The training system is assessed
only in terms of usability and immediate learning e ectiveness, without detailed
investigation into emotional responses, long-term engagement or behavioral change.
Finally, the study uses the existing VR hardware setup provided by BCG, without
any technical modi cations or enhancements.

1.5 Thesis Outline

This thesis is organized as follows. Chapter 2 provides a comprehensive background
of VR, including its key concepts, history, development, ethical considerations and
use as a training tool. The background chapter also covers learning theories, HCI
principles and an overview of battery production, which is important for the use
case. Chapter 3 provides ndings from previous case studies related to VR training
and its e ectiveness. Chapter 4 describes the methodology used to conduct the
research, followed by chapter 5 presenting the results. Finally, chapter 6 provides a
discussion and chapter 7 presents the conclusion.
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Background

This chapter presents a comprehensive overview of VR, its historical development,
its evolution as a training tool and ethical considerations. It further explores the
software development methodologies relevant to the study and VR's growing role in
industrial workforce training. Moreover, HCI principles associated with immersive
environments are explored. Finally, this chapter provides an overview of battery
production, which is relevant to the use case.

2.1 Key Concepts of VR

VR is a technology that creates simulated environments. VR allows users to experi-
ence and engage with digital spaces in a way that feels immersive and realistic. This
interaction creates a dynamic and responsive experience. These technologies pro-
vide sensory input that simulates real-world experiences, such as sight, sound, and
touch [15]. However, VR is part of a broader spectrum of immersive technologies,
known as the Virtuality Continuum. This continuum ranges from the real world to
fully virtual environments, with Augmented Reality (AR) and Mixed Reality (MR)

in between. AR adds digital objects to the real world, as in mobile AR apps and
smart glasses, while MR blends real and virtual objects to interact in real time,
which is used in Microsoft HoloLens. Fully immersive VR, on the other hand, com-
pletely surrounds the user in a computer-generated world using headsets and motion
tracking, blocking out the real environment [16].

To create an immersive and convincing VR experience, three key principles come
into play: Immersion, Interaction, and Presence. Immersion refers to the user's sense
of being fully absorbed by the virtual environment. It is achieved through visuals
and sensory feedback. Interaction is the ability to manipulate virtual objects or
navigate the environment. It allows users to move through and control objects in
the virtual space using controllers, hand gestures or tracking systems. Presence is
the psychological sensation of "being there" in the virtual world. This principle is
crucial for creating convincing VR experiences. It helps users emotionally connect
with the environment, making the experience more engaging and impactful. The
stronger the sense of presence, the more immersive and realistic the VR experience
becomes [15].



2. Background

2.1.1 VR Foundation and Future Outlook

The creation of VR started in the 19th century. Immersive art forms like panoramic
murals and stereoscopic viewers aim to create a fully engaging visual experience.
Early examples of immersive experiences included stereoscopic viewers, which cre-
ated the illusion of depth. It also included panoramic murals, which were large-scale
paintings or images that wrapped around a space to create the illusion of being
inside a scene. However, the modern VR technology that we know today actually
started in the 1960s. In 1962, Morton Heilig introduced the Sensorama, which was
the rst multi-sensory immersive system. This system simulated a motorcycle ride
through New York, see Figure 2.1. It had 3D visuals, sound, motion and even scent
to create a fully immersive experience [17][18].

Figure 2.1: Patent illustration of the Sensorama Simulator developed by Morton
Heilig in 1962. Taken from [19]

Ivan Sutherland is a pioneer in computer graphics. He introduced the "ultimate
display" in 1965. This system combined interactive visuals, spatial sound, haptic
feedback, and multiple senses like sound, smell, and taste. His concept aimed to
create a simulated environment, a computer-generated space that mimics real or
imagined settings. His idea led to the development of the rst head-mounted display
(HMD) in 1968, in collaboration with David Sproull. An HMD is a wearable screen
placed in front of the eyes to display virtual images. It allowed users to see a
digital environment instead of the real world. The device featured stereoscopic
visuals, a technique that creates the illusion of depth. It did this by showing slightly
di erent images to each eye. This mimicked how human vision naturally perceives
depth. The HMD also tracked head movements, allowing real-time adjustments to
the virtual world as users moved their heads. This innovation was a breakthrough
in VR technology [17][18].
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