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Abstract

The growing popularity of Extended Reality (XR) attracts new people to en-
ter the field. However, novices face challenges at the beginning of their journeys.
Previous studies have identified the key difficulties based on real-world evidence
and found that the barriers to entry were high. This thesis aims to guide novice
XR practitioners in overcoming these challenges.

To achieve this, empirical insights were collected from experienced XR practi-
tioners, visual scripting was investigated thoroughly, and Generative Al tools
were tested. The findings revealed that starting the XR journey with a complete
authoring tool could be an effective approach for beginners. Visual scripting
could then enable novices to develop XR applications without extensive knowl-
edge on coding, and Generative Al tools could serve as an efficient educational
tool to enhance learning and skill development.

Keywords: Virtual Reality, Augmented Reality, Barriers to Entry, Visual Scripting, Gen-
erative Al
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Chapter 1

Introduction

This chapter begins by providing essential background information that guides the reader in
identifying the research problem. Then, the research problem, objectives, contribution, and
cthical and legal concerns are outlined.

1.1 Background

It was 1968 when Ivan Sutherland introduced the first head-mounted display (HMD) system
[51]. However, it took 45 years until the technology became available to mass consumers at an
affordable price thanks to Oculus Rift DK1 [44]. Two years after the success of Oculus Rift,
Meta (Facebook at that time) acquired Oculus VR Inc. for US$2 billion in 2014 [14]. Since
then, the field has seen noticeable technological improvements and commercial progress. At
the time of drafting this thesis, Apple [4] officially released Vision Pro in February 2024, and
two months later, Meta [32] announced that the operating system of Quest devices would be
opened to third-party hardware makers. All these developments are signs of an exciting and
promising future in technology.

Besides technological breakthroughs, people have witnessed numerous impactful inci-
dents during the last decade. One such monumental event was the COVID-19 pandemic.
This global crisis altered people’s lives, norms, and interactions and influenced many indus-
tries, including Augmented Reality (AR) and Virtual Reality (VR). The World Economic
Forum Global Future Council on Augmented Reality and Virtual Reality [9] has assessed the
COVID-19 pandemic’s impact on virtual and augmented reality. They concluded that the
pandemic changed the perception of VR and AR, in particular, as an alternative to in-person
interaction. It has sped the adoption of immersive technologies by several years [9]. Today,
the VR and AR market is expected to grow at an annual rate of 10.77% (CAGR' 2024-2028)
and is projected to reach US$58.1 billion by 2028 (see Figure 1.1) [56].

1Compound Annual Growth Rate
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Figure 1.1: AR and VR revenue combined by market segments [56]

The author envisions that the need for skilled individuals proficient in developing, de-
signing, and implementing these immersive technologies will be more critical than ever be-
cause the growth of the VR/AR market will surge the demand for professionals in the field.
To fulfill such increasing demand, new professionals should enter the market, and people
already in the sector should contribute more. However, the barriers to entry in the VR and
AR field still seem to be high [5, 36].

The author believes that the high barriers to entry may discourage people, cause extended
time and effort to acquire new skills, and make it difficult to scale the number of practition-
ers in the industry. The shortage of skilled people may slow the growth and adoption of
VR/AR. Therefore, it is crucial to lower the barriers to entry. Once the VR/AR community
identifies the hurdles of newcomers, those problems can be solved and frictionless developer
onboarding and new skill acquisition can be achieved. Thus, reaching out to a bigger pool of
talent will be easier, and more people will be able to join and contribute to VR/AR.

1.2 Research Problem and Objectives

The VR and AR technologies are still in their growth phase and trying to find the path to
become more saturated and consolidated. Previous research shows [5, 26, 24, 36] that the
field is highly fragmented, it suffers from the lack of standard guidelines, and it changes
at a fast pace that tools become obsolete in a short time. This situation creates a moving
target problem for professional and amateur practitioners because they must learn these tools
and acquire new skills to adapt to the ever—changing industry dynamics. Lowering the entry
barriers will not only widen the gates for newcomers but also give more opportunities and
possibilities to professionals. This is because it was found that professionals and amateurs
face common problems [26, 24].

This study aims to provide empirical insights from professionals, amateurs, and learners
to capture the current VR/AR sector situation, the required skills to enter the sector, and




1.3 THE SUSTAINABLE DEVELOPMENT GOALS

how practitioners could adapt to the fast-paced changes. It investigates whether the exist-
ing research successfiﬂiy lowered the entry barriers and influenced the compiete authoring
tools to become more beginner-friendly. Lastly, to the author’s best knowledge, only a few
academic studies have examined the impact of artificial intelligence (Al) tools on VR/AR
development. The latest Generative Artificial Intelligence (GenAl) tools are evaluated in
this thesis to see if they could lower the barriers to entry.

The overall Research Objectives are:

« To explore the hurdles in learning Extended Reaiity2 (XR) as a developer and the best

practices to overcome these challenges.

« To €XpiOT€ novei approaehes in XR and i]OW these can iOWGT the barriers to 61’1U’y.

The rescarch objectives are achieved by addressing the following Research Questions:

+ RQ1: What are the initial challenges and highlights when entering the XR field? How

can a fresh entrant overcome these challenges?

— What are the fundamental skills required? How effectively can people transfer
their skills from other domains to XR?

« RQ2: What is the status quo of the authoring tools? How does the research on code-
free XR authoring tools influence the current tools?

— How effective are the visual (node-based) scripting in lowering the barriers for
new entrants?

« RQ3: How effective is the GenAl tools in supporting novice XR practitioners and
lowering the barriers to entry ?

1.3 The Sustainable Development Goals

The 2030 Agenda for Sustainable Development was adopted by all members of the United Nations
in 2015, and it has 17 Sustainable Development Goals (SDGs) at its heart, from poverty to
education to climate action [58]. VR/AR can help to pursue the SDGs because these immer-
sive tecimo]ogies have unique affordances such as embodied ieaming, social collaboration,
and remote participation and presence [12]. The author believes that The SDGs #4 Quality
Education and #9 Industry, Innovation and Infrastructure can benefit most from VR/AR
technologies (See Figure 1.2).

1.3.1 Quality Education

The COVID-19 pandemic impacted our modern life in an unprecedented way. Digitization
in many fields, such as education, medicine, entertainment, and commerce, was accelerated
significantly [9]. Social and physical interaction has been altered and being remote (or online)

2See Chapter 3.1 for definition
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4 QUALITY
EDUCATION

Figure 1.2: SDG number 4 and 9 [58]

has become a regular part of people’s lives. New ways of learning and medical care have
emerged. For instance, 60 healthcare workers were trained on how to operate ventilators for
COVID-19 patients by using Microsoft HoloLens in the Israel Center for Medical Simulation
[9]. 185 first-year medical students took their anatomy class using Mixed Reality (MR) at Case
Western Reserve University, and 85% of them reported that it was “equivalent to” or “better
than” the in-person class [9].

These are a few instances of how VR/AR technology can revolutionize educational prac-
tices. The author believes that the immersive technologies can potentially turn traditional
face-to-face education into remotely accessible and scalable interaction. This aligns with the
SDG #4 Quality Education, which aims to "ensure inclusive and equitable quality education and
promote lifelong learning opportunities for all [58]."

This thesis does not aim to develop an educational XR tool. But it contributes to the
learning strategies needed to become an XR specialist. It aims to help novices become suc-
cessful XR practitioners by lowering barriers to entry and making XR equitable. One step
further, hopefully, some of these practitioners will develop educational XR applications to
make education accessible.

1.3.2 Industry, Innovation, and Infrastructure

The SDG #9 is to Build resilient infrastructure, promote inclusive and sustainable industri-
alization, and foster innovation [58]. The author thinks that novel technologies like VR/AR
or Al can improve efﬁciency through innovation. For example, manufacturing and mainte-
nance operations can be optimized by real-time data visualization in VR/AR and by predic-
tive modeling that uses AI/GenAl Optimized resource usage can reduce the environmental
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impact and enhance sustainability. Developing these applications is not the scope of this
thesis. Instead, this thesis aims to demonstrate how it is possible to promote innovation by
combining the latest technologies: VR/AR and GenAl. This study can inspire and support
other developers, institutions, or organizations by showing novel approaches to innovate XR
solutions for more sustainable industrialization.

1.4 Ethical and Legal Concerns

Immersive technologies collect and use a variety of unique data that cannot be captured by
other technologies, such as physiological data, neural activity, surrounding details, or more
[29]. All these data help the XR system to become more immersive and realistic. However,
collecting massive amounts of data raises privacy concerns and brings more responsibility to
the designers and deve]opers. McGill [29] describes that such unique types of data may erode
anonymity and privacy because those data can be used for user profiling and discrimination.
It could be worse if the anonymous profiles in XR were connected to the user’s real-world
identity, and if this information was exposed, unwanted incidents might happen in the real
world [29].

To protect people from undesired incidents, prevent the misuse of technology, and avoid
legal breaches, it is crucial to understand the ethical and legal concerns. This thesis does not
investigate ethical and legal concerns in particular. In this section, it was desired to raise
awareness about data protection, privacy, and the use of Artificial Intelligence (Al) in the
immersive technology domain. the author encourages readers to learn and follow responsible
design/engineering principles. It is a collective duty to create and maintain a safer real and
virtual world!

1.4.1 GDPR

Along with the ethical concerns, some laws regulate data collection, processing, and stor-
age practices. The General Data Protection Regulation (GDPR) is a well-known European
Union (EU) legislation. The GDPR mandates companies and developers to perform data
protection by design and by default [54]. The author observed that collecting and processing
more data sounds tempting for engineers and developers in the pursuit of creating better user
experience. However, considering the data protection by design principle, the author rec-
ommends VR/AR practitioners to change their perspective to work with minimum required
data. Collecting more data exposes more risks by expanding the possible attack surfaces. In
this manner, the developer’s principle should be less is more.

1.4.2 EU Artificial Intelligence Act

On 13 March 2024, the EU Parliament approved the Al Act [52]. This act aims to ensure that
Al systems used in the EU are safe, transparent, traceable, non-discriminatory, and environ-
mentally friendly [53]. For this purpose, Al systems are analyzed and classified according
to the risk they pose to users [53]. And the regulations on risky systems are stringent. For
example, Al tools that fall into unacceptable risk are considered a threat to people and will

be banned [53].

9



1.4 ETHICAL AND LEGAL CONCERNS

The author notices that today’s sophisticated systems, like Al are inseparable from High-
Tech industries and people’s daily lives. Al systems are used to develop other technologies.
Mobile phones, computers, or even simple applications take advantage of Al. As Al touches
every part of life, lawmakers strive to enforce accountable use of Al The author advocates
that regulations like the AI Act put more responsibility on designers and developers to use
Al more carefully. Developers should think twice before using any Al tools, and the design
should prevent possible misuse. To create safer systems, ethical Al should be prioritized.

10



Chapter 2
Related Work

After an extensive investigation of the literature, the author decided to study the following
three themes in this thesis: (1) barriers to entry, (2) authoring tools, and (3) GenAl tools.
This chapter endeavors to synthesize and critically analyze the previous research related to
these themes. Then, these findings builds the connection to the research problems.

2.1 Barriers to Entry

Ashrtari et al. [5]' classified and analyzed eight key barriers (See Table: 2.1) that VR/AR

practitioners face from the perspective of three user groups:
« Hobbyist who tried VR/AR projects for their personal interest.

+ Domain experts who tried VR/AR in their field as a new method, i.c., cognitive sci-
entist uses VR to understand human behavior.

« Professional designers who create VR/AR products as part of their jobs.

They [5] explained that although the severity of problems could vary, these eight key bar-
riers are common across all three user groups. Most of these issues are caused by the highly
fragmented structure of the sector, the lack of best practices and guidelines, and the short
life span of start-ups and tools [36, 24, 5, 26]. In such a chaotic ecosystem, hobbyists and
domain experts have to put more effort than professionals at every stage of their develop-
ment because they do not have the resources that professional teams have, such as previous
project examples, technical materials, or guidance from expert colleagues [24, 26]. This situ-
ation may hinder the growth of the VR/AR community as the people who want to enter the
field of immersive technologies may be intimidated. Moreover, professional teams also suffer

Best paper award, Association for Computing Machinery (ACM) Conference on Human Factors in Com-
puting Systems (CHI), 2020

11



2.2 AUTHORING TOOLS

Table 2.1: Eight Key barriers in creating VR/AR application [5].

Barriers in Understanding the VR/AR Landscape

1. Difficult to know where to start

2. Difficult to make use of online learning resources

3. Lack of concrete design guidelines and examples

Barriers in Designing and Prototyping VR/AR Experiences

4. Difficult to design for the physical aspect of immersive experiences

5. Difficult to plan and simulate motion in AR

6. Difficult to design story-driven immersive experiences

Barriers in Imp]ementing and Testing VR/AR App]ications

7. Too many unknowns in development, testing, and debugging

8. User testing and evaluation challenges

from these problems. Therefore, solutions to these hurdles would be beneficial for all XR
community members: hobbyists, newcomers, professionals, and other stakeholders [26, 5].

To wrap up, previous studies have identified numerous reasons behind the barriers and
proposed possible solutions. Although those studies identified issues based on real-world ev-
idence, their proposed solutions were not based on real-world data but based on the personal
opinions of the authors.

In chis thesis, the author assumes these three main barrier categories: (1) barriers in un-
derstanding the VR/AR landscape, (2) barriers in designing and prototyping VR/AR ex-
periences, and (3) barriers in implementing and testing VR/AR applications. These main
categories were taken in a broader sense in this thesis and are the three pillars of the re-
search conducted. For example, the investigation of authoring tools was divided into three
parts: understanding, designing, and imp]ementing. Undersmnding relates the general issues
and solutions, designing elaborates how authoring tools may influence application design, and
implementing focuses on the actual development phase.

This thesis builds on the literature and elaborates on the in the field previous research by
adding empirical insights from the real world. These empirical insights will be presented in
three main themes: understanding, designing, and implementing.

2.2 Authoring Tools

The current VR ecosystem was mainly established by the gaming industry members, such as
game developers, designers, and software developers [24]. The influence of the gaming indus-
try can be seen in the tools used for XR development. For example, Unity and Unreal Engine?
are the most popular game development tools. They also dominate in the XR. Even though

2Unreal Engine is usually shortened as Unreal in this thesis

12



2.2 AUTHORING TOOLS

gaming practices can help with VR game development to some extent, those practices are
inadequate for developing more generic enterprise VR experiences because VR development
differs from traditional software and game development [24].

Designers, content creators, or non-technical novice practitioners have difficulty in pro-
totyping and developing XR products because these popular game engines, i.e., Unity and
Unreal, are geared toward programmers [36]. Previous studies [36, 5, 8] claimed that no-
code/low-code authoring tools would enable novices to develop their XR applications and
lower the barriers to entry (Argument 1). In this context, no-code tools are the code-free tools
that the practitioner can create VR/AR applications without writing any code. In addition,
low-code can be defined as the requirement of basic or simple coding during the VR/AR
application development.

Authoring tools in XR were investigated by Nebeling and Speicher [36]; they examined
the main issues with the existing tools and found that there are signiﬁcant gaps within and
between tools. These gaps make the design cycle and content creation difficult. The avail-
able tool-chain somewhat works in an upward direction, from low-fidelity (lo-f1) tools to
high-fidelity (hi-f1) tools, but not the other way around. This makes design iteration diffi-
cult, especially if the designer needs to go from the hi-fi to the lo-fi stage [36]. Even in the
upward direction, the transition between lo-f1 and hi-fi prototypes is not smooth. Medium to
high fidelity transition often requires programming proficiency [8]. Nebeling and Speicher
[36] proposed tools that make content creation and gesture interaction easier without cod-
ing. Their narrative was to build a no-code tool like PowerPoint but for AR. For example,
ProtoAR enabled users to sketch an object on paper and then transfer this sketch into AR
as an object [35].

The benefits of no-code tools cannot be denied for non-technical individuals. However,
later studies [5] argued that even though no-code instruments help designers to create pro-
totypes easily, they will make it harder for individuals to shift into more complete authoring
tools like Unity and limit their outputs (Argument 2). The author argues that this situation
may not be an issue if a practitioner does not have the motivation or reason to develop com-
plex systems on his/her own. However, suppose one aims to become a fully equipped VR/AR
developer to land a job in the industry or wants to create usable XR products with minimum
external dependency. In that case, working on complete authoring tools like Unity or Unreal
(or similar) is inevitable (Argument 3).

When these findings (Argument 1, Argument 2, and Argument 3) are put together, one
might notice the prob]em: novices can start with no-code systems but they are not able to
produce complex artifacts with these tools. Then, they shift to complete authoring tools for
better outputs, however they cannot use the complete authoring tools because of program-
ming requirement. Subsequently, they may return to no-code tools where they started their
journey. This can be seen as a circle. The author called this as a vicious circle. In other words,
there is a vicious circle between no-code tools and complete authoring tools. The author
described this phenomenon as the vicious circle of a novice XR developer (See Figure 2.1).

Ashrtari et al. [5] brought two ideas for a successful shift to complete authoring tools:
(1) integrating no-code tools into complete authoring tools, and(2) adaptive user interface
on complete authoring tools; personalizing the user interface’s complexity according to the
user’s expertise. These two ideas are examined below.

Although various studies have been conducted on developing no-code tools, most were
not evaluated in a realistic development cycle. For example, tools developed from research

13
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1) Start with
no-code tools

4) Not able to use 2) Limited

complete capabilities and
authoring tools output

3) shiftingto
complete
authoring tools

Figure 2.1: The vicious circle of a novice XR developer.

were not tested for their interoperability with complete authoring tools. This thesis ad-
dressed the first suggestion from Ashtari et al. and evaluated the integration of no-code
instruments.

The second suggestion, personalizing the user interface according to expertise, did not
materialize on popular authoring tools. For instance, a user cannot select a beginner or expert
interface. The user can personalize Unity’s or Unreal’s interfaces by changing the location of
windows or displaying/hiding sections. However, there is no personalization option to adjust
the interface according to the user’s competence level at the time of drafting this section.
Moreover, the author could not find any research on interface personalization either.

Considering the user interfaces, one may ask if the complex user interface of game engines
impedes the smooth development process. Usability assessment could answer this question;
however, not much research was conducted on the usability of authoring tools that designers
and developers use [30]. The limited number of research [30, 2] on the usability of Unity and
Unreal Engine from the developer’s perspective did not find any noticeable usability prob-
lems. In light of these findings, it could be concluded that the problem was not the user
interface of’ Complete authoring tools that hindered the development, as there are no signiﬁ—
cant usability problems. This conclusion would undermine Ashtari et al’s recommendation
for an adaptive user interface.

Yet, the hurdle of coding remains. The game engines offer visual scripting tools to tackle
this coding obstacle and widen their target user groups. Unity Visual Scripting and Unreal
Blueprint Visual Scripting have node-based user interfaces that allow users to create game-
play elements and interaction mechanics without writing any code [60, 61]. Figure 2.2 shows
the node-based visual scripting interface.

Visual scripting could be an excellent option to break the vicious circle. It could help
transition from no-code to a complete development environment or enable newcomers to
start from complete authoring tools immediately. To the author’s best knowledge, no research
has been conducted on visual scripting, nor has it been conducted on whether visual seripting
features could allow fresh entrants to create a sophisticated VR/AR artifact. This study
systematically investigates to what extent these tools can enable novices to develop essential
XR experience.

14
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Figure 2.2: An example from Unity Visual Scripting [60].

To wrap up, no-code authoring tools can potentially enable people without programming
skills to create simple VR/AR artifacts and prototypes. However, one may need complete
authoring tools like game engines to develop more complex projects. In this study, the author
reviews the recommended tools from previous research and checks whether they can be used
for complete VR/AR development. He also assesses the visual scripting tools to see if they
can enable individuals without programming skills and game engine knowledge to create
VR/AR solutions and break the vicious circle.

2.3 Generative Al Tools

Each industrial revolution had its defining breakthroughs: first steam-powered mechaniza-
tion, second electricity-powered mass production, and third computer-powered automation.
Today, the fourth is defined by machine intelligence powered by unprecedented access to ter-
abytes of data [11]. In the age of Industry 4.0, Artificial Intelligence (AI) has not only been
hyped but become people’s reality and an integral part of their daily lives.

Al'was a significant leap for humans. And within Al the introduction of ChatGPT can be
seen as one of the most disruptive technological breakchroughs. ChatGPT is a conversational
Al model that allows a user to interact with it in a natural dialogue format, and the user can
accomplish various tasks through open conversation [40]. It is one of the most successful
product launches of modern times. It reached 1 million users in 5 days and 100 million in 60
days, which was an unprecedented market penetration [19]. (See Figure 2.3)

The inauguration of ChatGPT raised great interest in Al from the general public. This
can be seen in Google search trends. For instance, artificial intelligence had somewhat stable
Google trends before ChatGPT. The trend tripled in a year with ChatGPT’s introduction
(See Figure 2.4) [17]. Today, millions of people are asking questions to Al tools, generat-
ing artistic images or completing various tasks with the help of GenAl Institutions pub-

15
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Figure 2.3: ChatGPT reached 100M users in 60 days [19].

lish guidelines and rules on using ChatGPT. For example, Lund University [57] published an
article "Four things to keep in mind before using ChatGPT" one year after the introduction of
ChatGPT.

GenAl was adopted quickly and is already part of people’s lives. Despite the tremendous
interest from the public, there are also concerns about AL There have been rumors circulating
about whether Al will take jobs or eradicate humanity. NVIDIA CEO Jensen Huang [6] said
that traditional programming skills will become unnecessary in the future, and Al will handle
the hard work of writing code during his keynote speech at the Global GPU Technology
Conference. Stanford Professor and Al pioneer Andrew Ng [37] debunks these concerns
and recommends using more Al to solve our problems instead of limiting or banning it. He
advocates that Al is an excellent tool to support humanity and that AT will not take our jobs;
however, people who do not use Al will fall behind those who use AI[37]. In other words, he
believes that people who use Al as a supportive tool will become more successful than others.

Various Al tools have been developed to assist people in the last decade. These tools
were adopted rapidly and widely used in almost all industries. At the time of writing this
chapter, OpenAl introduced its latest GenAl model, Sora. It can generate realistic videos
from text prompts [41]. Before Sora, the text-to-image model DALL-E was at the center
of public attention. The latest version of DALL-E 3 could understand nuances and details
signiﬁczmtly better than its predecessor, and it could generate exceptiona]ly accurate images
[39].

Another example in computer graphics is NVIDIA instant NeRF (neural radiance field),
an Al-based rendering tool that can create a 3D volumetric scene from 2D images in a couple
of minutes [49]. 3D scene generation from 2D images was possible before. But it was a lengthy
and heavy process. This instrument could accomplish the heavy ]ifting of realistic scene gen-
cration and streamline the development pipeline in VR [42]. It is an excellent instance of a
supportive Al tool.

Researchers [42] believe that with the introduction of accurate GenAl models such as
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gence" over the past five years [17].

DALLE 3 or Stable Diffusion, one could generate 2D images, which will be later fed into
NVIDIA instant NeRF to create 3D scenes without going through the traditional cumber-
some 3D modeling pipeline. Such a process would make it possible to produce 3D scenes
almost without limits and democratize content creation by enabling the general public to
produce 3D artifacts with simple promprs [42].

Independent researchers [3] developed 2D games in three different genres on Unity by
using ChatGPT and then compared these games against baseline games and human-designed
games. Subsequently, they created an online platform where people could play and rank
these games. Although human-designed games consistently ranked higher than baseline and
ChatGPT-designed games, GenAl was able to produce entirely satisfactory games [3]. Even
though Al failed to create a consistent and complete game narrative itself when human de-
signers evaluated the Al-designed games, they admitted that Al had a broader scope of imag-
ination, i.c., designers had their own patterns and biases and failed to think outside the box [3].

The Al is a relatively mature technology compared to GenAl, which is still very early
in its adoption phase. However, it is already clear that Al-related technologies will change
how people work in many industries. The VR/AR field will inevitably be impacted by these
developments. The author foresees that the wave of changes is approaching and will alter
the practices in the XR domain. The first disruptive news had already arrived. Unity [63]
announced its new Al tools, Unity Muse and Unity Sentis, in June 2023. Unity Muse is an
integrated Al-assistance platform that can be used to write code and create animations or
more [63]. Unity Sentis is a tool to integrate Al capabilities into gameplay to create Al-
powered characters or interactions [63].

As Andrew Ng said, [37], people who use intelligent systems will be more successful than
others who do not. The author envisions that this also applies to the people in the VR/AR
industry and those who intend to enter. The newcomers who use GenAl will be able to
produce higher quality results quicker than the ones who do not.

Despite its great potential, a limited number of systematic and academic studies have
been conducted on this topic. Few works have been done on using ChatGPT in game devel-
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opment, and no study has been conducted on Unity Muse.

GenAl can support VR/AR professionals in more generic content/object creation, de-
sign, coding, debugging, customization, and optimization [3, 20, 10]. The author believes
Al can be seen as an open ocean with many opportunities waiting for exploration. In this
research, he attempts to sail into this ocean and explore it. This thesis will be one of the early
works focusing on GenAl usage in XR.

2.4 Research Significance

Previous research could identify several major hurdles one faces when entering the VR/AR
industry. These issues were also consistent across multiple studies. This thesis assumes these
hurdles exist and does not attempt to discover new problems or validate them again. The
objective is to find the best practices from other learners and industry. These best practices
can extend the recommendations from previous works.

Another point was that researchers developed new instruments to tackle specific prob-
lems according to their research objectives, i.e., an AR content creation tool and a software
development framework. Unfortunately, these efforts could not be unified, leading to fur-
ther fragmentation of the VR/AR domain. For instance, more than 40 authoring tools were
identified while reviewing the literature in Section 2.2. Most of these tools did not become vi-
able products to support creators. Moreover, it was also found that neither professionals nor
hobbyists use research-style tools in actual VR/AR development [5, 26]. The author inter-
preted this situation as another evidence of fragmentation. To tackle this, the author intends
to review all the authoring tools mentioned in previous research. Creating a Comprehensive
list of tools and conducting a systematic and thorough review can be a reference for future
studies. It can also guide novice users when they search for tools.

One of the fundamental outputs of previous research on lowering the barriers to entry
was recommending authoring tools that did not require programming skills. However, as
mentioned above, previous works did not trigger the snowball effect to unify or integrate
various tools to deveiop a Complete authoring tool without Coding. Consequentiy, the vicious
circle of a novice XR developer (See Figure: 2.1) has emerged. This research contributes to the
field by addressing two instruments to break out of this vicious circle: Visual scripting and
GenAl

Popular game engines Unity and Unreal offer node-based visual scripting tools. Unfor-
tunately, little research exists on how effective these tools are in lowering barriers to entry
into VR/AR. This study aims to fill this gap by investigating if visual scripting could assist
novice XR practitioners.

Finally, this thesis contributes to the field by exploring novel approaches to address the
research problem. Since GenAl is a fresh area, there is almost no systematic research on
combining GenAl and VR/AR development. This study would be one of the early examples
of GenAl usage to lower the barriers to entry in XR development.
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Chapter 3
Theory

This chapter defines the technical terminology, elaborates on data collection techniques, and
explains theoretical background of these techniques.

3.1 Definitions

Although VR and AR became prominent in the last decade, these technologies have a history
of over half'a century. Sutherland’s [51] head-mounted display (HDM) marked the beginning
of a new era. Almost 25 years after Sutherland’s HDM, Milgram and Kishino [34] intro-
duced the rea]ity—virtua]ity continuum (See Figure 3.1). This was a theoretical framework to
visualize and compare different technologies according to their immersion capabilities. It
can be seen as a spectrum of immersion where one end is 100% real/physical environment
with no immersion, and the other end is 100% virtual environment in which the user is fully
immersed.

The Virtuality continuum has been very useful in creating a common 1anguage and rep-
resenting immersive technologies. However, science has advanced tremendously since its in-
troduction; new technologies emerged, some concepts changed, and some practices became
obsolete over time. In order to accommodate these updates and represent today’s technology,

Mixed Reality (MR)

[} I
" — - '
Real Augmented Augmented Virtual
Environment Reality (AR) Virtuality (AV) Environment

Reality-Virtuality (RV) Continuum

Figure 3.1: Representation of Reality-Virtuality Continuum [34]
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Figure 3.2: Current XR technologies according to the spectrum of
immersion [55].

Interaction Design Foundation [55] proposed an updated version of this immersion spectrum
(See Figure 3.2) using the following terms:

« Augmented reality (AR): a view of the real/physical with an overlay of digital elements.

+ Mixed Reality (MR): a view of the real/physical world with an overlay of digital elements where

physical and digital elements can interact.
« Virtual reality (VR): a fully-immersive digital environment.

+ Extended reality (XR): an umbrella term that covers all these different technologies, including
AR, MR, and VR.

The author conceptualizes the difference between AR and MR according to the user
interaction. The AR is considered when the user interacts with the virtual objects through
the 2D screen, i.c., touch screen interaction on a hand-held mobile device. Whereas MR is
the technology that enables the user to interact with the virtual object in the real 3D space,
i.e., interacting with virtual objects by using a controller or hand gesture while using a sce-
through HMD.

[t is also worth mentioning that the terms XR and VR/AR (VR and AR) were used inter-
changeably throughout the thesis, implying a broader spectrum of immersive technologies.

In addition to these four -R abbreviations, there is another popular term in the field:
metaverse. It is the combination of two words, meta and universe [43]. Meta' is a Greek-
originated prefix with meaning "beyond" and "after." With the help of induction reasoning,
one would say metaverse means beyond or after the universe.

Stephenson [50] used this term for the first time in his science-fiction book Snow Crash.
This dystopian novel tells the story of a collapsing postmodern civilization, where people
move into a virtual successor of the Internet, the Metaverse [43]. However, this term received

' Andronicus organized Aristotle’s books; named the books after physics as metaphysics.
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3.2 USER-CENTERED DESIGN
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Figure 3.3: 4 phases of iterative user-centered design [23].

the attention of almost everyone in the world when Facebook changed its brand name to
Meta. They defined metaverse as an embodied internet where users are in the experience,
not just looking at it [31].

Today, there is no definite consensus on the definition of metaverse, and it is continually
evolving (27, 43]. World Economic Forum [27] defines it as interconnected physical and digital
worlds with a sense of presence. One way or another, it is evident that the metaverse and
immersive technologies have started a new era in human interaction.

3.2 User-Centered Design

User-Centered Design (UCD) is built on three pillars: early focus on users and tasks, empir-
ical measurement, and iterative design [47]. This approach assumes that the user knows the
best and the designer should translate these needs into a solution [45]. This translation is an
iterative process [23]. The first goal of the design team is to understand the context in which
the user interacts with the product, system, or solution, followed by need—ﬁnding. After
identifying the requirements, the actual design phase begins. The designer and other team
members assess the design against the user’s needs. This assessment may influence the previ-
ous three steps. Then, the team applies the necessary changes and re-evaluates the solution.
This iterative process (See Figure 3.3) continues until the final design reaches a satisfactory
level.

In XR, the experience is immersive, and user interaction is not limited to 2D small screens
or mouse and keyboard. This causes issues in XR interaction design and user testing because
traditional 2D design and testing principles cannot cover all possibilities of 3D interaction
where the user is free to move [26, 5]. Besides, in such a free world, different users may exe-
cute similar actions differently. Their sense of perspective and interaction preferences may
vary. These issues can be addressed by understanding different user profiles and conducting
persona-based evaluation [24]. The user-centered design framework can bring persona-based
development processes into the XR industry, address the issues with interaction design and
user testing, and subsequently raise the bar higher.
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3.3 METHODOLOGY

3.3 Methodology

This thesis is exploratory research that aims to understand the challenges in the XR do-
main and secks modern solutions from real-world evidence. Therefore, qualitative research
methods that would be more suitable for exploratory research were chosen. There are five
methods used in this thesis: semi-structured interviews, focus groups, diary studies, user re-
search, and empirical research. The ultimate goal is to approach the research problems from
different angles and generate reliable information by triangulating various data. In the final
step, thematic analysis is conducted on the collected data. These themes were grouped into
the three categories mentioned in Section 2.1 whenever it is suitable: understanding, designing,
and implementing.

3.3.1 Semi-Structured Interview

Semi-structured interviews combine the features of structured and unstructured interviews;
the interviewer can follow a basic script as a guide and then probe the interviewee to learn
more by asking follow-up questions [47]. This script is prepared before the interview accord-
ing to the research goals. The interviewer can change the order of the questions or decide
how much time to spend on each question.

This approach aims to gather insights from participants by addressing both open and
closed questions during the interview. More details can be captured with probing questions
that would not be possible during a structured interview. It also mitigates possible distrac-
tions since there is a basic script to follow. On the other hand, there are some disadvantages.
For example, it would be difficult to analyze and compare the answers to open questions
due to their subjective nature. In addition, probing questions may lead to an observer bias,
steering the participant in a particular direction [16].

To avoid biases, the interviewer should stay neutral throughout the interview and refrain
from affirmative comments or leading signals. These signals may be verbal or nonverbal;
therefore, the interviewer should consider the language, questions, gestures, and body pos-
ture.

Another aspect is data recording. Different data recording techniques can be used with
interviews, such as video recording, voice recording, and note-taking. It is crucial to inform
the participants about data recording and ask for their consent. Personal data should not be
recorded without the participant’s consent.

3.3.2 Focus Group

The Focus group is a group interview in which the discussion is led by a facilitator [47].
It creates a moderated open discussion platform. It allows participants to argue, inspire,
and debate each other to pursue further insights that may have been missed otherwise. The
participants should represent the sample of the target group. During group interviews, it is
more appropriate to address shared issues rather than individual topics [47].

Both semi-structured interviews and focus groups are cross-sectional studies. They gather
the data in a short period. This can be seen as a snapshot of subjective data during the
event. These two methods have many practices in common because of their similarities.
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Figure 3.4: Focus Group: Step-by-step guide [15].

For example, Figure 3.4 shows the stages of the focus group from initial preparation to final
analysis. All these stages apply to semi-structured interviews as well. The only difference is
that the focus group consists of multiple participants.

The focus group questions are also very similar to the semi-structured interview ques-
tions. During the focus groups, the facilitator can ask closed or open questions and then use
follow-up questions to dive into the details. Previous section 3.3.1 explains that the facilitator
should sustain neutral verbal and non-verbal communication throughout the focus group.

An essential requirement for this type of group research, which is different than indi-
vidual interviews, is that the facilitator should guide the discussion and balance the partici-
pation among people, i.e., encourage quiet people to participate and slow down the verbose
ones from dominating the discussion [47].

The same data recording techniques used in semi-structured interviews are also available
for focus groups. The participants should always give informed consent before beginning the
focus group.

3.3.3 User Test

User test is one of the observation techniques to capture the user’s behavior while interacting
with the application or the product. Preparing a test plan, including a guidance script that
explains the study goals, rules, and tasks, is crucial for successful user testing. "The use of a
script ensures that each participant will be treated in the same way, which brings more credibility to
the results obtained from the study" [47].

The aim is to collect qualitative data to gain better insights into novice users’ thought
processes. However, "one of the problems with observation is that the observer doesn’t know what
users are thinking and can only guess from what they see" [47]. For this reason, participants can
be encouraged to follow the think-aloud technique. This technique requires participants to
share their feelings, opinions, understanding, and what is going on in their heads while doing
the test.
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Observations can take place in the field or in a controlled environment. "In the former
case, individuals are observed as they go about their day-to-day tasks in the natural setting. In the
latter case, individuals are observed performing specified tasks within a controlled environment such
as a usability laboratory" [47].

"Observation in a controlled environment inevitably takes on a more formal character than obser-
vation in the field, and the user may feel more apprehensive [47]. In order to help the participants
feel more comfortable, the host should mention that the participant’s skills or personal ca-
pabilities are not tested, but the application is tested. The purpose is to assess whether the
application can enable users to accomplish specific tasks.

Various data collection techniques can be used during direct user observation in a con-
trolled area. Some examples are video recording, photographs, screen recording, interviews,
or note-taking. It is crucial to repeat that no personal data should be recorded without the
participant’s consent.

3.3.4 Diary Study

Nielsen Norman Group [46] defines diary studies as a qualitative user research method used
to collect insights about user behaviors, activities, and experiences over time and in context.
This type of method can capture the long-term behavior development of users in a particular
context that could not be observed in a single session interview.

Adopting new skills is a long-term process that develops over time as the learner practices
various activities like reading, Watching7 and experimenting. In this regard, a diary study is
a suitable longitudinal research technique to capture behavioral changes and the acquisition
of new skills over time.

During a diary study, both quantitative and qualitative data can be extracted. Although
this type of data collection is powerful, it also has disadvantages. For example, third-person
participants may miss logging important details, exaggerate, or understate their feedback
[47].

One of the critical aspects of a diary study is its duration. "Determining how long to run a
diary study can be tricky. If the study goes on for too long, participants may lose interest and need
incentives to continue" [47]. The researcher should design the study in a way that overcomes
this problem. The sampling technique (e.g., survey, personal check-in, logging), sampling
range (e.g., hourly, daily, weekly), and the study length (e.g., day, week, month) should be

optimized to maximize the reliability and quality of data.

3.3.5 Empirical Research

Empiricism is a philosophy which advocates that knowledge is acquired from the experience
gathered through the senses. "Empirical research is research that is based on observation and mea-
surement of phenomena, as directly experienced by the researcher. The data thus gathered may be
compared against a theory or hypothesis, but the results are still based on real-life experience” [13]. In
other words, empirical research can be seen as an umbrella term for systematic analysis of
real-world evidence.

Empirical research can be conducted using various techniques such as observations, ex-
periments, and surveys. It can be deductive or inductive. The inductive approach collects
the real-world evidence and then derives a theory from this evidence, whereas the deductive
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Figure 3.5: Quantitative and qualitative data can be collected from
various methods [47].

approach tests the evidence against assumed theory [13]. The researcher must determine the
study objectives at the beginning of empirical research. Then, the research methodology can
be designed according to these objectives. Empirical research offers flexibility as it is possible
to follow various methods to collect qualitative and quantitative data.

3.3.6

"Quantitative data is in the form of numbers, or data that can easily be translated into numbers...

Quantitative and Qualitative

Qualitative data is in the form of words and images, and it includes descriptions, quotes from inter-
viewees, vignettes of activity, and photos" [47].

It is possible to collect both quantitative and qualitative data from data gathering meth-
ods mentioned above. These data can be processed by different techniques to derive mean-
ingful results. The Figure 3.5 summarizes typical data collection methods and the captured
data types with initial processing steps.
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3.3.7 Thematic Analysis and Categorization

Collected qualitative data should be processed and analyzed to have overall understanding
and gain the insights. There can be various qua]itative data ana]ysis methods. For examp]e,
themes can be identified from the data or the data can be categorized into groups.

Thematic analysis can be seen as a general framework to identify the certain topics within
the collected data. "More formally, a theme is something important about the data in relation to
the study goal. A theme represents a pattern of some kind, perhaps a particular topic or feature found
in the data set, which is considered to be important and relevant ... to the goals driving the study"
[47]. It is also possible to have the analysis frame (the set of categories used) in advance.
In other words, perform the analysis considering the categories and have in depth insights
within these categories to answer study goals.

These two techniques (e.g., thematic analysis and categorization) can be combined as
well. "Identifying themes (thematic analysis) takes an inductive approach, while categorizing data
takes a deductive approach" [47]. One can also apply thematic analysis to the collected data in
the first step, and then these themes can be categorized under pre-existed groups. Sharp et al.
[47] argues that such iterative approach is a common practice to find patterns and represent
these patterns systematically.
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Chapter 4
Study Design and Results

This chapter presents the study design and the results of the various research techniques. It
explains what was observed in a descriptive format. Through this multi-stage approach, the
study aims to contribute to a deeper understanding of the barriers to entry and propose novel
solutions to these hurdles.

The study design for this thesis entails an exploratory research approach utilizing qual-
itative research methods. The research journey begins with a comprehensive literature re-
view, which serves as the foundation for identifying research gaps and areas for improvement.
Then, necessary data is collected from the selected research methods. The collected data is
analyzed to answer the research questions.

The data collection started with two methods: the semi-structured interviews and the
focus groups. These were employed to gather insights from experts and experienced prac-
titioners in the field. Real-world experiences, best practices, and recommendations were
observed. These two research methods required the longest time to recruit more partici-
pants. Then, the diary studies were conducted to delve deeper into authoring tools and vi-
sual scripting. Building upon these findings and experiences, the user tests on visual scripting
were designed and conducted. Cross-sectional research was also carried out to review a list of
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Preparation

Literature review

Study design

Interviews and focus groups
Diary study (Visual scripting)
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Authoring tools (review)

Generative Al (experimenting) —

Figure 4.1: Study timeline.
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Figure 4.2: Study design overview: Research Questions and Method-
ologies

authoring tools from the literature. The final method was the empirical research focusing on
using GenAl within the context of VR/AR development. Figure 4.1 shows the overall degree
project timeline for the each method.

As analyzed in Chapter 2.1, previous studies categorized barriers to entry into three
groups considering XR development stages: understanding, designing, and implementing. These
categories drew the outline in this section for the consisted representation. The results from
cach method were grouped under these categories whenever possible.

4.1 Study Overview

This exploratory thesis used five different research techniques to answer the research ques-
tions. Figure 4.2 visualizes the relationship between the research questions and the research
methods.

RQ1 was addressed primarily by semi-structured interviews and focus groups. During
these studies, the author could capture the current hurdles in the field and some best prac-
tices from those participants with experience creating XR applications. Moreover, these in-
terview studies could collect insights related to the other research questions because of their
flexible and open nature of exchanges with the participants. The participants shared their
views and experiences on difficulties, authoring tools, visual scripting, and GenAl The data
from individual and group interviews was later triangulated with the user test and GenAl
experiments.

RQ2 was tackled by multiple methods: an empirical review of authoring tools from pre-
vious studies captured the current situation about no-code/low-code tools. Diary studies
explored the visual scripting features of Unity and Unreal. User tests aimed to understand
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the novice user’s thought process while using visual scripts. Learning from diary studies laid
the groundwork for designing a suitable scenario for the user tests. Subsequently, user tests
brought different perspectives that might have been missed during diary studies. It was also
possible to observe the real-world difficulties during the user test. These difficulties were
also examined during the semi-structured interviews and focus groups. Therefore, the data
from these studies could be triangulated.

RQ3 was investigated by another empirical study. The author experimented with GenAl
tools ChatGPT and Unity Muse during this study. The aim was to evaluate if GenAl could be
an overarching solution to the problems that newcomers face. These problems were mainly
related to the difficulty in finding information and the difficulty in writing code. A similar
scenario from the diary study and user test could be tested during the GenAl experiment.
This gave comparable insights about the advantages and disadvantages of GenAl.

4.2 Semi-Structured Interview

Semi-structured interviews were conducted to understand the difficulties and best practices
in VR/AR development. The data collected from these interviews was subjective and quali-
tative. The participants shared their personal experiences and perceptions of VR/AR devel-
opment. The data was recorded by voice recording and note-taking. In the end, a thematic
analysis was conducted on the collected data.

This method primarily aimed to answer RQ1 (barriers). Thanks to its flexible and open
nature, the participants shared valuable insights also to answer RQ2 (authoring tools) and
RQ3 (GenAl).

4.2.1 Preparation and Setup

First, an interview plan consisting of the participant profile, the interview protocol, and the
interview questions was prepared (See Appendix A). This plan ensured that a certain quality
standard level was achieved for each interview. Second, the target group was people with XR
development experience. There was no limitation on their experience level, occupation, or
background. Last, the interview questions were prepared and written in the plan.

Once the plan was completed, the recruitment of participants started. The candidates
were recruited from acquaintances, related events ("Best of Europe: XR, Al, Immersive Tech"
by VR and AR Association), LinkedIn, and online searches (developer forums or communi-
ties). Advertisements and flyers were distributed in local communities. The recruitment and
interviews were done in parallel and lasted over two months.

The interviews were conducted on Zoom, an online video conferencing placform. It pro-
vided time and location flexibility. However, Zoom did not allow voice recording; it only
allowed video recording because of license limitations. Video recording was considered in-
timidating for the participants and challenging to analyze. Therefore, a separate mobile de-
vice was used for voice recording.

The interviews started with a brief including a short introduction and interview protocol.
The interview was recorded using a voice recorder upon the participant’s consent. These
recordings were used for further analysis after the interviews whenever necessary. The author
also took notes during the interviews.
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Table 4.1: Semi-structured interview participant details.

Gender | Age Background Occupation Experience
P1 M 23-27 Engineering | Game developer Learner
P2 M 23-27 | Occupational | Technical artist | Experienced
P3 F 18-22 | Computer sci. Student Learner
P4 M 33-37 Engineering XR developer Expert
P5 M 23-27 | Computer sci. | XR developer | Experienced
P6 F 28-32 | Engineering XR developer Limited
P7 M 38+ | Eng. Doctorate | Software dev. Limited
Not in chronological order

4.2.2 Participants

Seven interviews were conducted; most participants (4/7) had an engineering background.
The author used engineering as an umbrella term for technical fields such as electrical, civil,
mechanical engineering, or ICT, excluding computer science or software engineering. Com-
puter science and software engineering were categorized under computer science. Two par-
ticipants had computer science backgrounds. One had a high school diploma but occupa-
tional training in game and VR development.

Four participants worked in the VR/AR industry: three as XR developers and one as
technical artist. One participant was a game developer, one was a software engineer, and an-
other was a student studying in a VR/AR master program. Their VR/AR experience levels
also varied. Experience levels were categorized based on the years of professional experience.
Learners did not have any professional experience. Juniors had up to three years of profes-
sional experience. Experienced ones had three to nine years, and experts had 10 or more years
of professional experience. Please see Table 4.1 for a detailed overview.

4.2.3 Results

The participants shared their own journeys, experiences, and views on VR/AR development.
The challenges identified in these interviews were mainly similar to those mentioned in the
previous studies. Thematic analysis was conducted on the collected data. The challenges, best
practices, and relevant insights are presented under three categories which were identified
during the literature review (See Section 2.1): understanding, designing, and implementing.

Understanding

All participants tried some VR/AR applications, and they were impressed with the technol-
ogy before starting their VR/AR development career or learning journey. They suggested
that newcomers should experience VR/AR and try to understand it as users before jump-
ing into VR/AR development. Observing the XR system and application as a user would be
beneficial when the person attempts to develop an XR application or experience.

Once a user decides to become an XR practitioner, participants recommended that se-
]ecting a comp]ete authoring tool,ie., a game engine, could be a good start. The general
feedback was that Unity would be a better fit for a newcomer. Learning Unity was more
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straightforward than learning Unreal; on average, Unity was also more commonly used in
the industry. Unreal was usually used by highly sophisticated teams and companies. Prac-
ticing 3D game development on Unity could be an efficient way to learn the fundamentals.
Then, transitioning to VR/AR would be casier.

The highly fragmented XR industry has already started moving towards consolidation.
Frameworks, instruments, and practices are converging. However, despite the unification
cffores, the lack of standardization is still a problem. Tools are being updated often, new
instruments emerge, and some become obsolete. Keeping up with all those changes in the
industry is an impossible task. In this regard, it was mentioned that there is no magical
way or shortcut to handle this situation. VR/AR practitioners must put effort into keeping
themselves updated. Being selective about the information intake and learning only relevant
topics can be a good practice.

Another often observed issue was that users, clients, or peop]e without sufficient un-
derstanding of XR systems often had wrong expectations. They would usually overestimate
current XR technology’s capabilities and expect too much from it. In the professional field,
this would create problems between clients and XR developers. At an individual level, a
novice practitioner might be disappointed or discouraged by the mismatch between his/her
expectations and reality.

Designing

Most of the participants (6/7) had technical education and acquired high machematics and
analytical thinking skills. One participant had occupational training in game development at
a young age and developed similar skills without formal education. The interviews revealed
that understanding 3D concepts is crucial to succeed in the field. It is not only about 3D
space and locations of the objects in the space burt also about the observer, the perspective,
the scale, and the interplay between the objects and the user. Besides, participants mentioned
that designing an immersive 3D experience differed from 2D design, and transferring 2D
know-how into the 3D domain was not casy.

Another common comment was that to create an immersive experience, more than 3D ge-
ometry is required. Realistic visuals and physical simulations are also desired in an immersive
experience. Photo-realistic rendering is no longer a big problem, as specialized tools exist for
this purpose. However, the correct physical simulation requires technical and analytical skills
to be imp]emented. Without correct visual and physica] representation, motion sickness may
occur because of sensory mismatch. Another technology that may improve the immersion
is digital twin technology. With this technology, an exact copy of a physical system can be
simulated in a virtual environment.

The participants said that once they understood 3D concepts and immersive systems,
technicalities in design are not an issue. Various free and open-source materials and tools are
available, which could help practitioners design and prototype easily.

Another critical aspect of the design was sound. One participant, P4, was an esteemed
expert in the field and he mentioned the importance of auditory design by quoting promi-
nent director George Lucas: "Sound is 50 percent of the moviegoing experience." According to
him, companies and deve]opers usually neglect sound design as they focus on visual design.
However, correct sound design would make the VR experience incredibly immersive. Sound

should not be at the bottom of the priority list. He also added that finding a skilled sound
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designer for VR/AR projects can be challenging.

Implementing

It was found that all participants used game engines to develop VR/AR applications. Unity
was the primary authoring tool of all participants. Three participants mentioned that they
also had previous experience with Unreal Engine.

A]though coding is an inseparable part of VR/AR development, according to the par-
ticipants, it is a small detail in the big picture. Therefore, coding should not be seen as a
significant hurdle. Most of them (6/7) had technical education, and they did not have any
issues with coding. They claimed that if one knows the terminology well then the neces-
sary code could be generated with the help of GenAl It may not be 100% correct in the first
attempt but GenAl could be used for troubleshooting as well.

All participants made the same points about GenAl: (1) GenAl could be an excellent
assistant to develop applications and write code. (2) GenAl would never replace a human
developer as it was lacking certain comprehension features at the time of the interview. To
get the most from Al assistance, the user should know what he/she is doing and be able
to review the code generated by the GenAl. Otherwise, unknown code blocks could create
more problems like undesired behaviors or unknown operations. They also emphasized that
most of the companies in the field does not allow copying the code from ChatGPT and then
pasting into the company environment without review.

Visual scripting was also asked during interviews. Although Unity was the primary plat-
form for all participants, none actively used visual scripting. Some participants tried it briefly
but did not continue using it. Three participants were not aware of Unity Visual Script-
ing (UVS). However, it was mentioned that designers usually use visual scripting to create
shaders. This tool was Shader Graph, which enables users to create shaders visually and is
different from UVS. Contrary to UVS, most of the participants (6/7) knew about Unreal
Blueprints.

According to the participants, the main issues with UVS were the performance and not
having complete control over the script. They preferred to have full control over their code
and optimize its performance. Although Unreal Blueprints could offer better performance,
it was stated that performance optimization would not be possible with visual scripts in
general. They could be used in rapid prototyping or demonstrations but not in a professional
product with comp]ex interaction or game mechanics.

Testing was another challenge mentioned during the interviews. The test did not only
mean testing the code and fixing the errors but also testing the whole system and the expe-
rience. User testing was costly in various aspects. A comprchcnsivc user test would require
know-how, resources, time and money. The teams working on XR projects usually did not
have all of these simultaneously. When they wanted to outsource the user test, it would cost
more money and there was a risk that the test might not align perfectly with the project
requirements in the end. Some participants mentioned that they were using user-centered
design principles to tackle these issues.
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4.3 Focus Group

The focus groups aimed to deepen the findings from semi-structured interviews by bringing
different perspectives from open discussions. During the focus group research, it was also
possible to observe the communication between various roles, such as designers and devel-
opers. Similar to the semi-structured interviews, subjective qua]itative data was collected
during the focus groups. The participants shared their personal experiences and responded
to each other’s comments. The same data recording techniques used for the semi-structured
interviews were selected: Voice recording and note-taking. Using similar techniques stream-
lined efforts for easier data collection, maintenance, and analysis. Thematic analysis was
conducted at the end of the study.

The focus groups essentially sought answers to RQ1 (barriers) like the semi-structured
interviews. Thanks to its flexible and open nature, valuable insights could be captured to

answer RQ?2 (authoring tools) and RQ3 (GenAl).

4.3.1 Preparation and Setup

A semi-structured interview plan also guided the focus group study (See Appendix A). The
interview questions were slightly modified during the focus groups to accommodate group
discussion dynamics, like a]lowing peop]e to respond to each other, but the essence of the
questions remained unchanged.

The same recruitment strategy was followed: acquaintances, events, online search, and
advertisements in the local communities. However, the focus group recruitment was no-
ticeably more difficule. The main problem was to find multiple people from the target group
available simultaneously. Then, the author changed the recruitment strategy and approached
XR companies. Companies were not Willing to participate. Although it was not explicitly
said, the author had the impression that managers and executives did not accept a team
spending one-hour time slot during working hours. A free lunch was offered to the par-
ticipants to tackle this and encourage participation. By doing so, the focus group did not
interfere with the working hours, and more participants could be recruited. Two months
were dedicated to the recruitment and organization of the focus groups.

While planning the group interview, the author requested team managers and company
executives not to join the session. Since the purpose was to discuss any difficulties encoun-
tered, the presence of managers could affect the discussion negatively. For example, the team
members might not feel comfortable to discuss their problems in front of their managers.

Two focus groups were conducted: one organized over Zoom and the other face-to-face.
The purpose and protocol were explained at the beginning. With the participants’ consent,
a mobile voice recorder recorded the discussions. The facilitator also took notes during the
discussions.

4.3.2 Participants

One focus group was organized with a professional team of eight at their company facilities.
Five participants had XR developer roles, two 3D designers, and one designer. The developers
had a technical background like computer science and engineering, Two deve]opers and the
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Table 4.2: Focus group participant details.

Gender | Age Background Occupation | Experience
P1 M 23-27 Graphics 3D designer | Experienced
P2 M 28-32 | Engineering | XR developer Expert
P3 M 23-27 | Enginecering | XR developer Limited
P4 F 38+ Fine arts Designer Expert
P5 M 28-32 | Engineering | XR developer | Experienced
P6 M 33-37 | Computer sci. | XR developer Expert
P7 M 23-27 | Engineering 3D designer Limited
P8 M 18-22 | Computer sci. | XR developer Limited
P9 M 28-32 | Computer sci. Software dev. Learner
P10 M 28-32 | Computer sci. Software dev. Learner

designer were expert professionals with more than 10 years of experience. This group would
be referred as a professional group later in this section when necessary. See Table 4.2 for a
detailed overview.

The other focus group was conducted with two participants. They had a computer science
background and worked as software developers. In addition to their personal interests, they
studied in a two-year VR and AR master program and worked on various VR/AR projects
during their studies. Later in the text, this group would be referred as an amateur group.

4.3.3 Results

The focus group studies could successfully achieve their purpose by creating an open discus-
sion environment where participants dig deeper into the topic and respond to each other’s
comments. The discussions started slowly with one-to-one question-answer, but gradually,
the participants started commenting actively without waiting for direct questions from the
facilitator.

Conducting focus groups with amateurs and professionals revealed some differences. For
example, the amateur group had to manage everything (e.g., designing, prototyping, and
implementing) independently. On the contrary, the professional group had roles such as de-
signers and developers. Thus, the development dynamics were different for these two groups.
For instance, the amateur group had no issues implementing their design. However, the pro-
fessional team experienced a mismacch between design and implementation from time to
time.

After CO]]ecting all the data, a thematic analysis was conducted. The ﬁndings of thematic
analysis can be seen below.

Understanding

The participants claimed that technical education like engineering or computer science would
equip individuals with the necessary mathematical and programming skills. Once these skills
were present, learning Unity and C# was not a problem. However, finding a job as an XR
developer would require more than basics as it is still a relatively small market with unique
hurdles. Participants commented that moving from gaming to VR and mobile development
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to AR would be easier than finding an entry-level XR job. Both the gaming and mobile in-
dustries were considered bigger than XR at the time of the interviews. There would be more
job opportunities in these fields compared to XR for junior candidates.

The amateur group emphasized that a mathematical background with 3D knowledge is
necessary in VR/AR. For example, basic object manipulation (Translate, Scale, and Rotate)
in 3D requires matrix operations. Without this knowledge, creating a VR/AR experience
would be almost impossible.

Professional team members could help each other when one does not understand a topic,
and they could also create their internal knowledge base to share the know-how and informa-
tion with each other. Others did not have such support. Fortunately, new technologies like
chatbots could help individuals in this matter. The majority of the participants said that they
were using ChatGPT as an advanced Google to find information. Instead of searching blogs,
know]edge—base articles, or lengthy documentation, they used ChatGPT for their inquiries.
This helped them to find the correct information in a shorter time with little effort.

Designing

The participants stressed that analytical skills were required to create a well—desigﬂed XR
experience. Without understanding of mathematics, one could not simulate physical behav-
iors or create immersive scenes where the environment behaved realistically. For example,
the amateur group developed an AR application with a specific feature based on precise cal-
culations. The use of correct mathematical model enabled them to produce an excellent AR
experience. The audience who tried the application was impressed by that speciﬁc feature.

According to the participants, in XR, it could be possible to design something that has
not been designed before. This was exciting for some of them but there were also some
drawbacks. It was difficult to troubleshoot such a unique design and fix the issues because
there were no other examples to guide the developers and designers. Such situations were
described as an adventure with many unknowns. There was no straightforward solution to
this. In this case, it was recommended that VR/AR practitioners should research, read, learn,
and experiment. Over time, with more experience, they would acquire the necessary skills to
cope with the unknowns.

The professional team’s challenge during the design phase was the mismatch between
design and implementation. Two types of mismatch were common. One was that the desired
environment, object, or interaction would be too hefty to implement for developers. The
other one was that the result would differ from the initial plan. Better communication, having
a common language, and becoming familiar with each other could minimize these problems
over time. Additionally, the designer started using Al tools to create storyboards and other
materials to communicate her design with other stakeholders more effectively.

Implementing

All participants had heard about Unreal, but their main development platform was Unity.
Unity was considered as casy to learn and sufficient for developing products in most VR/AR
use cases. Nobody used UVS actively in their projects, but two developers attempred to use
it in rapid prototyping. They believed that UVS could be helpful in some specific small-scale
projects, which would be a tiny portion of the VR/AR market. Having complete control
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over the application was crucial for optimizing the performance and developing complex al-
gorithms. Therefore, traditional coding was still the preferred approach in the professional
market. They also mentioned that C# is a high-level language' which is easier to learn. Ac-
cording to them, one did not need to be an expert in C# to create applications successfully. A
programming mindset, especially being familiar with the OOP paradigm, would be enough
to begin with.

As mentioned above, developers used Al tools like smart Google. Tools like ChatGPT
and GitHub Copilot helped them with the heavy lifting of coding. They said that Copilot
was their primary tool for writing code, and ChatGPT was mainly used for searching in-
formation. When they did not know how to code, or when they knew what to code but
to avoid extended writing, or when they debugged their code, they took advantage of these
tools. Moreover, these tools could explain the function of the code and help developers under-
stand it. Moreover, one deve]oper mentioned that he was using Al tools to refactor? his code.
However, it was mentioned that blindly applying Al-created code was considered risky. The
developer should be cautious about the GenAl-generated code. He/she should know what
he/she is doing and be able to evaluate whether the answer serves the purpose and is free
from unnecessary code blocks that would perform undesired operations without noticing it.

4.4 Diary Studies: Visual Scripting

The objective of this method was to acquire the necessary skills to develop Real-Time 3D
(RT3D) scenes without writing code but using visual scripting. As learning new skills was a
long-term process, a contextual and longitudinal research method, a diary study, was chosen.

The author decided to conduct a self-diary study to evaluate visual scripting on Unity
and Unreal over a month in a home-office setup. The reasons for a self-diary study in a
home-office environment are: (1) he average VR/AR development setup would be similar to
the home-office environment; (2) to some extent, the author represented the target group,
i.e., no prior experience with Unreal Engine and no previous experience with Unity Visual
Scripting (UVS). He had a basic understanding of programming paradigms but minimal cod-
ing experience; (3) diary study is an expensive technique, and recruiting participants who
would commit to this long-term study was difficult; (4) observations from the first person’s
perspective could ensure high-quality data collection.

The first diary study was on Unreal and lasted approximately 20 days. Since the author
had not used it before, it took him longer to learn the platform before working on the visual
scripts. The second study was on Unity and lasted approximately ten days. The author was
already familiar with Unity at a basic to moderate level, and he could focus on visual scripting
carly during the study.

These diary studies were conducted to answer RQ2(authoring tool). In addition, insights
related to RQ1 (barriers) could be observed as the author progressed through the journey.

'In the spectrum, machine language is at the boctom and human language is at the top. Low levels are
closer to the machine language. High-levels are closer to human language. Therefore, high-level programming
languages are regarded as easy to understand by humans.

?Code refactoring: the process of improving readability, structure, and maintainability of a code without
changing its functionality
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4.4.1 Preparation and Setup

A hands-on approach was decided as a self-learning method. The initial aim was to learn
and implement the fundamentals such as object manipulation, 3D interaction and mechan-
ics, and game design with visual scripting. Official documentation and tutorials were the
primary source of information. If the official documentation was unavailable or insufficient,
the author sought help within the official developer communities. Third-party resources,
¢.g., YouTube, other forums, or blogs, were used if that was not enough.

The following resources were used in the home-office setup: a gaming laprop with inter-
net access, an additional monitor, game engines (Unity 2021.3.17f1 LTS and Unreal Engine
4.27), Visual Studio 2022, and logging applications such as Google Sheets and Docs, and
note-taking materials. The most recent versions of Unity and Unreal were not selected, con-
sidering software stability and their popularity. The assumption was that more materials
could be found for the previous version than the latest version as it takes time to adopt the
newer versions. Selected versions were the latest versions of the previous generation at the
time of study.

Before starting the study, it was important to read the license terms. Both game engines
had free license options for the individuals and companies below certain funding thresholds.
In this research, the author’s conditions and usage purposes allowed him to use free licenses.
Both engines could be installed easily and did not require specific expertise other than general
computer knowledge. The instructions and the guides available were sufficient to complete
the installation successfully.

4.4.2 Results

Although visual scripting interfaces were similar in both game engines,i.c., connecting graph-
ical nodes, learning and development experiences differed because Unity and Unreal have
different system architectures.

"Unreal Engine is built by developers, for developers” was the very first sentence on the
main page of the Unreal website [62]. This could give a hint about their target user group:
developers. To widen their potential user group beyond developers and to support different
stakeholders in the industry, Unreal offers Blueprint Visual Scripting?, which is a game-play
scripting system using a node-based interface instead of writing code [61].

Unity promoted its popularity (82 of the top 100 games) and VR/AR capabilities on its
website [59]. However, the visual scripting was not part of Unity by default. It is offered as
an additional package. The user should download and install it manually. Whereas, Unreal
Blueprints was one of the default development environments.

It is worth mentioning that the author had a basic understanding of Unity but no prior
experience with Unity Visual Scripting (UVS). To mitigate possib]e biases from his previous
knowledge, the author put extra effort at every step to evaluate if his actions could be achieved
by a novice user or not. For example, the author knew how to use variables on Unity, but the
documentation and tutorials were followed blindly to see whether they could guide the user
correctly. Notes were taken if the author needed to do something different than what was
explicitly written in the documentation.

3Blueprint in short
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Your First Hour with Unreal
Engine

Introducing Unreal Engine

Unreal Engine Editor
Fundamentals

Figure 4.3: The beginner courses were not available [61].

Understanding

Both game engines offer various project types and templates, such as game, industrial, or
cinematic projects. Unity project started right after the template selection, whereas Unreal
had one more step to complete. The user was asked to configure render quality, ray tracing,
and scripting method (C++ or Blueprints) in this additional step. One could understand the
function of these settings from their description without technical knowledge. Therefore, a
novice user could start a project without significant hurdles.

As mentioned above, RT3D game projects were selected for this research. The author
initially thought the game engines” interfaces were difficult to understand; there were too
many options, settings, and components to grasp. Even though the author understood Unity,
his knowledge was not useful on Unreal. It was apparent that an inexperienced person could
not create anything on these game engines without training,. Each game engine would require
its own training, as transferring know-how from one to another was not straightforward.

Numerous tutorials and training options were offered by both engines. Unity’s materials
for novices had more coverage and better structure than Unreal’s material. Actually, the
beginner tutorials of Unreal Engine 4 were removed completely, although there were still
references to them in the official documentation (See Figure 4.3).

Regarding visual scripting, getting-started tutorials were available from both engines.
UVS tutorials offered different paths that one could select according to his/her knowledge
level. For inexperienced users, the fundamentals of Unity visual script were explained with
more examples. More information in connection with C# scripting was given as well. Al-
though tutorials were he]pfu] in the basics, there were not many examples to guide the users
in reaching the next level. The situation was the same when third-party resources were ex-
amined. Overall, the tutorials were helpful in learning the basics of UVS, but there was
insufficient material to improve the visual scripting skills furcher.

The Unreal tutorial was brief and directly delved into the practical use of Blueprints,
with minimal explanation. Yet, the project templates had examples of Blueprint visual script.
Once the user acquired a basic understanding of Blueprints, existing scripts could be modi-
fied or manipulated for experimentation. However, this was not useful when the user wanted
to create something new which is not similar to these examples. Despite limited official re-
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sources, many materials were available from third-party resources on more advanced topics.

Overall, Unity visual scripting had useful materials suitable for novices to start with but
few materials for experienced users. On the other hand, Unreal Blueprint materials targeted
more experienced users and beginners.

Designing

The most signiﬁcant difference between the engines was their general system architecture.
This directly impacted the visual scripting design and implementation. Unity had a more
intuitive system that could be understood by novices, as the visual scripts could be attached
to objects almost freely without considering the whole hierarchy at a basic level. On the
contrary, Unreal clearly stated in its documentation that Blueprint follows the Object Ori-
ented Programming (OOP) paradigm [61] and it is a complete class structure rather than a
simple script attachment. The author had difficulty comprehending this system despite his
fundamental programming skills.

Because of this structural difference, expertise in one game engine could not be directly
transferred to the other. To make it easier, both game engines offered guides and tutorials on
how to transition from one to another. The resources for transitioning from Unreal to Unity
were outdated. On the contrary, the Unreal Engine guide for Unity users was updated and
more comprehensive.

Apart from the system structure, when the visual scripting was concerned; the major
challenge was that predefined functions had to be used. There were plenty of functions for
almost all basic operations, however, it required fﬁmi]iarity with the terminology. Functions
that perform the same operations would have different names. For example, the Hit function
on Unreal was named as Collision on Unity. Therefore, to use it efficiently, tool-specific
knowledge was required. There were a few instances in which the author had to spend hours
or days to find the correct nodes to complete the script. Official documentation and third-
party resources were not helpful because the author could not find the correct information
due to missing termino]ogy knowledge or using the Wrong terms.

Another aspect was that predefined functions were restrictive and made some simple
tasks complicated. For example, basic mathematical operations were hefty to design. Many
nodes were required to make a game object with three lives that would be reduced by one
after being hit by another object (see Figure 4.4). Spending a significant amount of effort
on simple operations or not even being able to find the correct function was the biggest
challenge of visual scripting.

Despite the difficulties, it is indisputable that one could create visual scripts for game
mechanics, object manipulation, or state machines without writing code. Online resources
were sufficient for simple algorithms as long as the user was familiar with the terminology.

Implementing

Programming skills were not necessary to implement a visual scripe, but algorithmic chinking
was needed to create the flow using inputs/outputs. The implementation was straighcforward
once the right nodes were found and the algorithm was designed.

However, when the visual script had multiple branches, various data types (e.g., Integer,
Vector 3, object, camera), and methods (e.g., events, GET/SET methods, states), it became
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Figure 4.4: Unity Visual Script: Destroying an object when its life is

Z€T10.

burdensome to manage. These issues could be grouped into two categories: readability and
troubleshooting.

The visual representation of the script made it easy to understand. But, when the code
becomes too big or complex, it becomes unreadable as the reader cannot follow the node
connections. This phenomenon is known as Spaghetti Code 4.5. The author observed that
the risk of spaghetti code is inevitable with the visual scripting as the script grows (See Figure
4.5).

Visual script debugging and troubleshooting were not different than traditional code
debugging and troubleshooting. Eventually, graphical nodes were nothing but the visual rep-
resentation of pre-written code blocks. The error messages were related to the actual C++ or
C# code when there was an error in the script. Interpreting these error messages demanded
programming knowledge. For example, wrong data types could be passed into the nodes, and
class inheritance might prevent certain operations, or runtime errors might occur. Without
programming skills, it would be very difficult to fix these problems as they were related to
the code. When these error messages were searched in the online platforms, C++ or C# so-
lutions could be found, but not visual scripting solutions. Therefore, a novice user without
programming knowledge could not use those solutions in his/her visual script.

The author also spent time on the transition guide from Unity to Unreal. This guide
helped him better understand the Unreal Engine and Blueprint structure. After this, he felt
more comfortable with Blueprints and could develop more complex experiences or game
mechanics. However, the transition guide from Unreal to Unity was outdated.

While the author was experimenting with visual scripting, he observed that system per-
formance metrics like frame per second and responsiveness were degraded more severely on
Unity than Unreal. Performance optimization was outside the scope of this research, so it
was not investigated further, but it could be observed clearly.

To summarize, despite its restrictive nature, visual scripting could enable users to write
programs to perform actions or calculations. Designing and implementing a visual script for
basic programs was easy, however, as the script grew, it became more difficult to maintain
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Figure 4.5: Relatively readable Blueprint, before becoming a

spaghetti code [7].

and troubleshoot.

4.5 User Test

Visual scripting could be one of the ways to break the vicious circle of a novice XR developer
(See Figure 2.1). It can empower non-technical newcomers to develop VR/AR applications
without writing code on a comp]ete authoring tool. This study intended to assess whether
inexperienced people could mentally grasp the use of visual scripting and develop 3D inter-
action.

The user test implies direct user observation in a controlled area in this thesis. The pur-
pose of this observation was not to identify usability problems but to understand the compre-
hension of visual scripting and 3D concepts. Subjective qualitative data was collected from
users to achieve this. This data reflected users’ thought processes, personal experiences, and
perceptions. Voice recording and note-taking were used for data logging. Thematic analysis
was conducted on the collected data. These techniques were not intrusive and allowed the
author to streamline efforts, as the same techniques were used with other methods, such as
semi-structured interviews and focus groups.

User tests attempted to answer the RQ2 (authoring tools) in the first place. Since the
participants were novices, observing their challenges provided data related to the RQ1 (bar-
riers).

4.5.1 Preparation and Setup

A test plan was prepared to standardize the testing process. This plan defined the test pro-
tocol, participant profile, data collection, and test procedure. The target group was defined

41



4.5 USER TEST

as people who did not have game or VR/AR development experience, regardless of their
background, occupation, gender, or age.

As Section 3.3.3 mentions, user test means direct observation in a controlled area in this
research. The controlled environment was a communal study room in the residential build-
ing where the author lived. The room had a semi-formal ambient, which was suitable for
testing. It was not an intimidating lab environment, or very casual place with distractions.
The following hardware and software resources were used for testing: A gaming laptop with
internet access, an extra monitor, keyboard, mouse, and game engines (Unity 2021.3.17f1 LTS
and Unreal Engine 4.27).

The participants were recruited from personal acquaintances, community advertisements,
and flyer distribution at local game events. The testing was in-person, so the participants had
to come to the test environment. To attract people, a cinema ticket voucher with popcorn
and a drink was offered as a token of gratitude.

During Diary Studies 4.4, it was observed that the game engine editors were overwhelm-
ingly difficult to understand without prior knowledge. Since the target group had no experi-
ence with game or XR development, onboarding was needed to eliminate frictions related to
the game engines. A detailed guide was prepared to familiarize the users with the tools (See
Appendix B the guide for Unity test and Appendix C the guide for Unreal test). This guide
explained the game engine editor interface, navigation in the scene, and test procedure.

The main goal of this test was to capture the users’ thought processes rather than measure
their task completion success. This was the essential difference compared to a usability test.
For example, in a usability test, the success measure would be task completion, whereas, in
this study, tasks were used as tools to explore novice users’ perceptions and thought processes.

The author’s learning from the diary studies were instrumental to design the test scenario.
A Real-Time 3D (RT3D) first-person shooter game was selected for the test scenario. In this
scenario, the player could shoot a projectile from his/her gun and hit other objects in the
scene (See Figure 4.6). The author utilized his learning from the diary studies (See Section
4.4) to create similar test environments on both Unity and Unreal. This RT3D environment
allowed the player to move freely and interact with other objects.

There were some missing features in the test scenario and participants were expected to
complete these missing features by using visual scripts. Given that the participants did not
have a prior game or VR/AR development experience, the test scenario was developed in a
progressive and didactic way, allowing participants to use the information provided in the
previous task to complete the next task. For example, the test started with Task 0. It explicitly
showed how to rotate a game object using visual scripting. Then, Task 1 introduced a new
function, destroy. Yet, the connections between nodes were not explicitly shown. The user
was expected to connect the nodes correctly and complete the visual script, which destroys
the game object when a projectile hits. Task 2 required using the destroy function from Task
1, but it was not instructed explicitly.... Task overview can be seen in Table 4.4.

The test started with welcoming the participant and briefly explaining the process and
the protocol. After the participants gave their informed consent, the voice recording started.
The facilitator explained the test procedure and shared the detailed instructions as both soft
and hard copies. He also supported the participants with the game editor usage, navigation
in the scene, or other technical aspects that were not directly related to the test scope. More-
over, the participants were allowed to use any online resources when they had a problem or
question related to the visual scripting. By doing so, two things could be achieved: (1) a more
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Figure 4.6: RT3D ﬁrst—person shoorter test scene on Unity.

realistic development environment and (2) capturing insights related to RQ1 (barriers).

More realistic development environment could be achieved because, in real life, users
search for information online all the time. This was also verified during the focus groups
and the semi-structured interviews. Participants said that online resources are their primary
source of information. Besides, it could reveal insights related to RQ1 (barriers) because
difficulty using online resources was one of the critical barriers [5].

The facilitator sat beside the users and directly observed their actions on the screen. The
users were encouraged to think aloud. When the user had an issue with the visual scripe, the
facilitator allowed the user to try harder to find a solution. If the user requested guidance
after failed attempts, the facilitator asked about the user’s opinion on how to solve the prob-
lem. After a brief conversation, the facilitator tried to guide the user implicitly instead of
fixing their problems. This approach could be seen as similar to probing questions used in
interviews to delve into the topic and capture more details.

At the end of the test, a final interview session occurred. The facilitator asked partici-
pants about their experience, understanding, and feedback. The whole test procedure, from
welcoming to the final interview, was scheduled to take approximately one hour.

4.5.2 Participants

Four participants could be recruited for the user test research. Two participants had engi-
neering backgrounds. One participant studied computer science, and another one studied
law. Their occupations varied; one worked as a software developer, two worked in engineer-
ing but not software development, and one was a lawyer. See Table 4.3 for an overview.
During diary studies and interviews, it was evident that learning Unreal was more dif-
ficult than learning Unity. To minimize the effect of different learning curves, Unreal was
tested with the participant who had expertise in C++ software development. This was because
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Table 4.3: User test participant details.

Gender | Age Background Occupation Tool
P1 M 28-32 Computer Sci. Engineer Unity
P2 F 33-37 Law Lawyer Unity
P3 M 33-37 | Engineering, PhD | Researcher Unity
P4 M 33-37 Engineering Software Dev. | Unreal

Table 4.4: User test tasks

Task 0 | Rotate a game object

Task 1 | Destroy the game object when a projectile hits

Task 2 | Create an explosion effect when the projectile hits an object
Task 3 | Add life to the game object, destroy it when the life is zero

Unreal utilizes C++ OOP architecture, and it was assumed that learning could be easier for
this participant. The other three participants ran their tests on Unity.

4.5.3 Results

All participants started their test by navigating the scene after initial onboarding. They
wanted to know more about the scene and how it was working. On average, participants
spent 25% of their time understanding the game engine editor, its interface, and the scene.
After becoming familiar with the system, they started working on tasks. Task overview can
be seen in Table 4.4.

Task 0 was a warm-up task, and the instructions provided the solution. All participants
completed the task successfully. However, half of the participants asked for further clarifica-
tion about the node connection and script flow.

Task 1 required the use of functions destroy and hit/collide. Function names were given
in the instructions. All participants could find the correct functions; however, non-engineer
participant, P2, had difficulty in connecting the nodes correctly. This participant said that
she did not understand how the inputs and outputs of a function work. Other participants
also requested more clarification about how game objects interact with each other and how
the visual script impacts the objects. Event Hit function on Unreal was intuitive for P4. Con-
versely, On Collision Enter function of Unity was confusing. Participants wanted to know what
it does and the difference compared to other collision functions like On Collision Stay.

Task 2 expected using a particle system for the explosion effect. Instructions implicitly
mentioned the names of the functions like the following instance: "Then you need to add an-
other node which can instantiate an original copy of a prefab (like projectile) at certain position and
rotation." Half of the participants understood the cue, others could not find the correct func-
tion without the he]p of the facilitator. At that point, the facilitator also explained how the
explosion effect could be created and what the particle system was. However, it was observed
that the participants did not grasp the logic of particle systems quickly. All participants could
include the particle system in the visual script with guidance. However, they all had difficulty
setting the particle’s correct position. The users were not familiar with the world position
and relative position concepts. Engineers could understand it after explanation, whereas the
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Understanding Implementing

» Lack of terminology e Confusion with the * Overwhelming
knowledge flow interface

* 3D geometry and e Different than ¢ Different than
homogeneous traditional software traditional software
coordinates dev. dev.

* Input/output* e Scene and relation

between objects
* Algorithmic thinking*

*Only from non-engineering background

Figure 4.7: User test results: Major difficulcies in visual scripting.

non-engineer participant, P2, could not.

The task was completed once the position parameter was fixed on Unreal, as the system
could handle the rotation. However, the rotation parameter needed to be handled by the
participants on Unity. The facilitator asked participants what they were thinking about the
rotation. The engineers could comment on rotation in a generic way. But these comments
were not related to the correct rotation concept (quaternion) which was required to instanti-
ate a new object on Unity. It became even more confusing when they tried to pass a Vector3
value to the rotation input. Because the script did not compile successfully with Vector3 in-
put, it gave an error. The error occurred because of wrong data type. Instantiate function
takes quaternion type as a rotation input, not Vector3. At this point, it was almost one hour,
and the Unity test was finished for P1 and P2 to have the final interview. P3 decided to stay
longer to finish the test; it was not one hour yet for P4. The facilitator gave a cue about
get position function on Unity to P3. Then, he could find the correct functions to pass the
rotation input.

Task 3 was atcempted by half of the participants, but no one could complete it without
guidance. The main challenges were the math operation and logical operations. Math oper-
ation was subtracting one from the life value after each hit. Besides, there were two logical
operations: one was to control the subtraction so that it would be performed only after hit,
and the other one was to compare the life variable against zero to destroy the object (See
Figure 4.4). Even after giving the correct nodes, it was difficule for the users to complete the
whole script. Having multiple branches and then connecting these branches through the "if"
condition was not intuitive. However, once the task was comp]eted with the guidance of the
facilicator, the participants who had engineering backgrounds said that the flow made sense
and they could understand the algorichm.

General observations: The Figure 4.7 summarizes the overall findings from the user tests.
Only two participants used online resources to find solutions, and they tried to search on
Google. However, they could not find answers after several attempts. The other two partic-
ipants who did not search stated that they did not know what to search, so they thought
searching would not help them. P1 and P4 had considerable software development experi-
ence. They said they could have completed the tasks quickly by writing code rather than
using visual scripting. Visual scripting did not allow them to be flexible and write their own
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functions. They also mentioned that the visual scripting and game development were differ-
ent from traditional software development, and they were unfamiliar with the terminology
and practices.

Participants with engineering backgrounds tried to solve the problems by copying pre-
vious tasks and systematic testing. For example, when they had some errors, they changed
some connections between the nodes and tested again. They performed such iterations mul-
tiple times. After a brief explanation, they could also comprehend the basics of 3D, such as
relative position and world position.

The non-engineer participant could not understand the quaternion even after it was ex-
plained. She struggled with the input/output relation and the flow while connecting nodes.
When the facilitator asked her to explain the solution in her mind, she could explain a possi-
bly working solution narratively, but she could not translate it into an algorithm or pseudo-
code. She said that she could perform programming on Microsoft Excel by writing formulas,
but this type of coding was impossible for her.

4.6 Empirical Research: Authoring Tools

To become a successful VR/AR practitioner, it is vital to be proficient in development in-
struments such as game engines and content/asset creation platforms. There are tons of tools
available for various purposes. However, having such a broad range of options may be an
issue. It was found that newcomers did not know where to start their XR journey [5]. In
addition to this, there was another friction point: Coding requirement. It was claimed that
no-code/low-code authoring tools would enable non-programmers to develop their VR/AR
application [36, 5, 8].

Nebeling and Speicher [36] categorized various authoring tools according to their use
cases, and Ashtari et al. [5] recommended some tools for inexperienced XR practitioners.
This study aimed to extend the coverage of those studies and capture the current stacus. This
extension was both horizontal and vertical. In the horizontal axis, more authoring tools were
included, and in the vertical axis, the assessment criteria expanded.

In short, it was a cross-sectional study, and its goal was to take a snapshot of numerous
tools with broader criteria to address RQ2 (authoring tools). This study would guide novices
or researchers by providing a bird’s-eye view of the available tools.

4.6.1 Preparation and Setup

The author created the list of tools (the complete list can be seen in Appendix D) by review-
ing numerous publications during the literature review. In the end, 43 VR/AR development
and content creation instruments were on the list. All of these were evaluated by their ap-
plication type, availability, novelty, coding requirement, and interoperability (see Appendix
D for details). This review was done by using online resources.

The author first examined the publication, searched for the tool, and attempred to test
it brieﬂy. If the tool could not be found, the author tried to find the researcher or deve]oper
who created it and traced it back to their public repositories to find the tool. During the
investigation, the author recorded his observations instantly.
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Figure 4.8: Hirokazu Kato developed an ecarly example of marker-

based AR [25].

4.6.2 Results

The list included various tools from advanced game engines to research applications to SDKs*.
The list items were divided into three main categories: commercial (24/43), research (16/43),
and from research to commercial (3/43). The research type described the items that were
developed with scientific research intentions. Commercial type implied that the items were
developed without scientific research intentions. Commercial did not necessarily mean paid
or licensed product cither. It could also be open source. The last category described the
products that initially developed with research goals but later moved from the academic
domain to business. These products eventually became commercial products.

DART (Designer’s Augmented Reality Toolkit) [28] was an early example of a no-code
rapid AR prototyping tool. During the literature review and this empirical research in which
numerous tools were reviewed, it was apparent that DART inspired many researchers in
the field and gave direction to the no-code studies. Unfortunately, none of these no-code
research applications on the list could survive until today. They either became obsolete, were
unavailable, or did not turn into usable tools.

Three successful research outputs later became usable products. Hirokazu Kato [25] de-
veloped ARToolKit in 1999. It was an carly example of a marker-based AR (see Figure 4.8)
and one of the first AR SDKs for mobile devices. However, despite its success during the
carly 2000s; today, it was maintained by three volunteers under artoolkitX name [22]. It was a
usable SDK but it was not popular anymore. Another successful tool developed in 1999 was
Teddy. Teddy allowed users to create 3D objects from 2D sketches quickly and easily [21].
Today, it can be purchased from the Unity Asset Store and used in VR/AR or 3D projects for
rapid 3D asset creation. The last example that started from research and became a commer-
cial product was HoloBuilder [48]. It began as an AR-based interactive user manual project.
Now, it is an enterprise construction progress management platform. Therefore, it is no

4Software Development Kit
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longer a VR/AR authoring tool but an excellent example of successful no-code research in
the VR/AR domain.

From the commercial category, Adobe Aero was one of the no-code AR authoring tools.
It enables users to create AR experiences without writing code [1]. Yet, when it was tested, it
was observed that it had limited capabilities. Microsoft Maquette was an excellent example of
an immersive VR authoring tool. Users could design VR scenes within VR and then import
these scenes to Unity. Unfortunately, the beta tag was not removed from Microsoft Maquette,
and Microsoft stopped actively developing it in 2022 [33]. It was stated that it would be
removed from the store, and Microsoft had no plan to open any source code of it [33].

Although there were a few no-code authoring tools available, they had limited capabilities
compared to the complete authoring tools like Unity or Unreal. In other words, the author
could not find any no-code tool which had potential to replace Unity or Unreal. On the
other hand, various no-code or low-code tools could be integrated to Unity or Unreal as an
additional package. These packages could help novices to create XR artifacts.

To wrap up, DART has inspired many researchers to take the next step in developing
no-code authoring tools. However, those attempts could not be unified to create a complete
authoring tool or create momentum to support prototyping in an upward direction (from
lo-f1 to hi-f1). In contrast, complete authoring tools like Unity and Unreal offer flexibility,
interoperability, and a unified end-to-end solution to VR/AR practitioners.

4.7 Empirical Research: Generative Al

GenAl-assisted programming can be a solution to overcome the barriers to entry. This study
evaluated two GenAl tools, ChatGPT and Unity Muse, by experimenting with their assis-
tance capabilities. As mentioned in Section 2.3, researchers [3] could develop 2D games us-
ing ChatGPT. This study extended similar research into RT3D development. ChatGPT and
Unity Muse were not only tested for code generation but also for searching information,
design, implementation, and troubleshooting.

Unity Muse was in the early access phase at the time of the study. It had five features: chat,
texture, sprite, animate, and behavior. The chat feature could be seen as a general assistant
that supports the user in various topics through conversational dialogue. In this research, the
main focus was to use Unity Muse’s chat feature for code generation, debugging, and general
guidance like ChatGPT. In addition to this, the author could briefly test the texture features
of Unity Muse to observe its capabilities.

This experimental study mainly collected qualitative data. This method sought answers
to RQ3 (GenAl) in the first place. Since GenAl tools could cover a wide range of topics,
the challenges from RQ1 (barriers) and RQ2(authoring tools) could be addressed by asking

relevant questions.

4.7.1 Preparation and Setup

The same home-office setup was used for this study: a gaming laprop with internet access, an
additional monitor, game engines (Unity 2021.3.17f1 LTS and Unreal Engine 4.27), and Visual
Studio 2022. ChatGPT version 3.5 was tested in this study. However, the version information
of Unity Muse was not available at the time of study.
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Both tools were web-based which means it could be accessed via web browser separately
from the Unity editor. Therefore, the user needed to change the windows during chat inter-
action. ChatGPT 3.5 was a free tool at the time of the study, while Unity Muse required a
paid subscription. It was tested during a 15-day free trial. Another constraint was that during
the free trial, only a limited number of interactions were allowed. The user had 1500 points,
and each chat interaction takes 25 points. Therefore, the number of interactions was limited
by this budget.

Various RT3D scenarios were tested. One of the scenarios was the first—person shooting
game developed during the diary studies and tested with the user tests. By doing so, it was
aimed to capture insights comparable to those of other studies.

These experimental tests were conducted in the following way. The author explained his
task/goal to the GenAl tools and asked for its guidance. He followed the instructions or used
the code provided by GenAl When there was an error, the error message was shared with
the tools for possible fixes and additional guidance. During the study, the author tried to
follow general prompting recommendations such as precise descriptions and dividing long
and complex tasks into smaller steps. He did not attempt to master prompting as it was out

of the scope of this study.

4.7.2 Results

Although ChatGPT could guide the user on the basics, it could not provide precise instruc-
tions on Unreal visual scripting. Finding the right graphicai node and using it correct]y was
not easy with the given instructions. Then, he attempted to develop C++ scripts. This could
be a perfect fit for this research as the author was not proficient in C++ programming. How-
ever, despite successful code generation, ChatGPT could not provide precise instructions for
an inexperienced user like the author. The author’s progress was slow with the C++ scripting.
As this method was not a diary study to observe the long—term ]earning, the author decided
to stop the experiment on Unreal due to the time constraints to complete the research.

The rest of the study focused on creating functional RT3D scenarios on Unity with dif-
ferent interactions and operations. The results were presented in a generic way, such that
if the name of the tool (i.c., ChatGPT or Unity Muse) was not explicitly mentioned, it was
observed on both tools. If an observation was from one tool, then its name was mentioned.

Understanding

Understanding the GenAl tools was rather easy as it did not require special skills ocher than
writing text prompts. However, using the correct terminology and precise description was
crucial for getting the right answer. Otherwise, the answers could be misleading or wrong.
If the same question was paraphrased or asked differently, it was observed that the tools
could give different answers. In other words, the way the questions were asked influenced
the answers.

The tools could guide the user in various topics, such as finding pieces of code, accessing
relevant information, or general Unity usage. When the author was unsure about the termi-
nology, he described what he was looking for, and the GenAl could provide helpful answers.

It could be seen as an advanced Google search. Unity Muse was noticeably better in providing
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Remember to attach the script to your projectile in the Inspector window, and don't forget to assign the explosion prefab to
the explosionPrefab variable.

Lastly, to ensure that your explosion effect doesn't affect the performance of your game, consider using a particle systein
pooling technique. This allows you to reuse particle systems instead of creating a new one for every explosjon

i these steps, or need further clarification, feel free to ask!

Q Provides visual examples of particle effects

31. Provides visual examples o... 32. Provides an example of par... 33. Provides an overview of pa...

Figure 4.9: For every information, Unity Muse gave a reference to
the official documentation

accurate information about Unity. It also shared references to the official documentation for
every information it provided (see Figure 4.9).

On some occasions, the author already knew the answer, and the tools’ reply was in-
correct. In such cases, the author shared his concerns with the tools that the answers were
incorrect. Subsequently, the answers were updated or changed. Sometimes, it could provide
the correct answer after the interference from the author, burt it was also observed that the
correct answer could not be reached even after a few actempts. In another words, the GenAl
tools were not 100% accurate (See Figure 4.10).

The answers were mostly comprehensive and long, covering many details related to the
question. Follow-up questions could be asked to narrow down the focus or shift the atten-
tion to another topic. During the conversations, both tools could remember the previous
interactions and provide answers considering the previous messages.

Designing

Both tools could guide the user on the game and algorithm designs. They could explain how to
manipulate the game objects or change the scene. However, to utilize these instructions, the
user should have had an understanding of Unity and its interface. Performing a game design
without familiarity with the game engine would be challenging despite GenAl’s assistance.
The result would also depend on the user’s interpretation. Because the instructions from the
GenAl tools could be generic and open for interpretation. For example, instruction like "add
a 3D object" might result in different scenes as it did not specify the object, its location, and
its rotation.

Unity Muse and ChatGPT designed the same interaction in two different ways. For ex-
ample, the author wanted to develop an interaction to destroy a game object when it was
hit by a projectile. The same terminology was used with both tools, but the answers were
different. ChatGPT suggested using OnTriggerEnter method, whereas Unity Muse suggested
OnCollisionEnter for the same task. These two different methods influenced the overall object
behavior, resulting in different game mechanics. In other words, tools made decisions that
directly impacted the game design. The author found this problematic as GenAl tools could
affect the design negatively by introducing undesired interactions or features. Therefore, the
user needed to understand the answers and translate them into the project correctly to avoid
such problems.

Further into developing more complex interactions, both tools could be used for design-
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(Q‘) You
Why do you need projectileSpeed?

ChatGPT
You're right; the “projectileSpeed" variable isn't necessary for collision detection itself. It was included

in the example code assuming you might want to simulate the projectile moving forward over time.

Figure 4.10: There were unnecessary parts in the code

ing specific actions or algorithms. GenAl could guide the user on more generic topics like
how to make an explosion effect, how to simulate physical phenomena, or how to design an
algorithm to accomplish more complex tasks. In addition to code generation, Unity Muse
could generate textures and animations on versions 2022.3 LTS or later. The author experi-
mented with texture generation. He could create textures by prompting his desired visuals.
Unity Muse could create texture artifacts successfully. However, this was not investigated
further as the focus was on code generation, game design, and algorithm design.

Implementing

None of the tools could generate a visual script that could be imported into the Unity project.
They could guide the user on how to add visual scripes, but these instructions were not pre-
cise. It did not provide function names, required data types, or how to connect these nodes.
Therefore, GenAl could not assist the author with the visual script. On the other hand, both
tools could generate C# successfully. C# codes were easy to read and had correct indenta-
tion and inline comments that supplemented additional information. No syntax error was
observed with the GenAl-generated codes during the study.

Coding-related answers included a simple description of the overall function and the
methods used in the script. It was also possible to ask for more details on the code itself or
instructions on how to use it. For example, when the user wanted to know more about a
piece of code, the tool could elaborate on it. It was also observed that ChatGPT provided
better-structured codes compared to Unity Muse.

A minor observation was that ChatGPT could provide answers in a couple of seconds,
but Unity Muse was significantly slower. Depending on the complexity, sometimes, it took
up to ten seconds to get the answer from Unity Muse. Simp]e code blocks from both GenAl
usually worked right away. However, longer codes did not function as expected or had errors.
In this case, error messages were also sent to the GenAl tools. They could guide the author
to debug the code.

One of the biggest problems in implementation was that those tools were unaware of the
project. Their know]edge depended so]e]y on the prompt written by the user, resu]ting in
occasionally unusable code generation. For example, GenAl-generated code might conflict
with another project component, override another script, or be overridden by another script.
It was apparent that the user needed to evaluate the code before using it.

Another aspect of not-project-aware answers was that proposed GenAl solutions might
have assumptions without the user’s input or include additional code blocks. For example,
when the author asked ChatGPT’s guidance on the hit and destroy function, there were
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unnecessary code pieces in the answer. These code pieces did not have any functional value.
When the author asked about the reason why unnecessary things were included in the code,
GenAl said that it was part of the example and it was thought that the author might be
interested in it.

Both tools added some unnecessary code blocks to their answers from time to time. These
code pieces could have impacted the application performance directly or might not have had
a noticeable effect. When the latter situation occurred, there was a high chance that the user
had no control over the script and its actions. Once it was out of the user’s control, there
was a risk of harmful actions such as data breaches or cybersecurity issues. The author did
not face such an issue, but he could notice the risk of blindly copying and pasting the use of
GenAl-generated code. The author thought he needed to review the code carefully during
GenAl-assisted development.

Overall, simp]e tasks like mathematical calculations or well-defined step—by—step actions
could be implemented successfully with GenAl assistance. When errors were found in these
simple scripts, GenAl-assisted debugging could fix them. However, complex code generation
had more errors and the risk of undesired code blocks. Therefore, the author had to review
the codes before using them.
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Chapter 5

Discussion

This thesis is an exploratory research. Through meticulous examination, valuable insights
emerged from empirical evidence. These insights and analysis results are presented in a de-
scriptive format. The overall objective is to guide newcomers with advice based on real-world
practices.

This chapter endeavors to interpret the results in a broader context by integrating in-
sights from various research methods. It discusses three main research categories that were
identified during the literature review: Barriers to entry, Authoring tools, and Generative Al tools.
For a systematic and consistent representation, the discussion under each category is grouped
into three themes: Undersmnding, dcsigning, and implcmcnting. This is followed by recommen-
dations for beginners and answers to the research questions. Finally, research limitations and
suggestions for future work are shared.

5.1 Barriers to Entry

The semi-structured interviews and the focus groups could capture the snapshot of today’s
XR industry. Moreover, the author could observe the difficulties from a first-person perspec-
tive during diary studies. This section discusses challenges, best practices, and required skills
from a broader perspective.

5.1.1 Understanding

Previously, it was identified that understanding the XR landscape was one of the initial chal-
lenges for novice XR practitioners. The findings indicated that being an XR user before
becoming a developer could help novices conceptualize the field. In other words, if a person
uses and experiences XR, he/she can understand the concepts easier later when he/she starts
his/her XR development.
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It was also evident that XR development requires specific theoretical knowledge and
skills such as math knowledge, analytical skills, and algorithmic thinking. Research findings
showed that formal education in STEM! would be sufficient to build the necessary funda-
mentals.

Previous studies identified the lack of a common language in XR as one of the problems.
Despite some improvements in the field, the problem is still present. One participant de-
scribed this situation as follows: "There is no bible in XR." The results showed that, to tackle
this challenge, it is advised to pick a complete authoring tool to start with (e.g., Unity or
Unreal) and then build the knowledge around that tool. This would narrow the scope sig-
nificantly and help the novices to find the necessary information easily.

Alternatively, one may develop the required skills and gain knowledge from a more ma-
ture field. Then, this person can transition from that field to XR. The transition from the
gaming industry to VR and MR (head-mounted displays) and mobile development to AR
(hand-held devices) is considered as smooth.

5.1.2 Designing

Due to the open 3D environment, designing the interaction and user experience (UX) in XR
is difficult. Users can move freely and interact differently. There is no standardized way to
tackle this problem; however, the persona-based approach, which could be achieved by User-
Centered Design (UCD), can be a solution. The author argues that familiaricy with UCD
would put the XR practitioners one step ahead in the market.

Further studies indicated that understanding the 3D concepts is vital to designing an
immersive environment and experience in VR/AR. The author categorizes these concepts
into four and advises novices to become familiar with them.

1. 3D geometry/math: Understanding how objects are manipulated, positioned, and in-
teract with each other. For example, translating, rotating, or occluding objects in 3D.

2. 3D physics: Animations, actions and manipulations in 3D geometry should follow cor-
rect physical phenomena. For example, if walking is not simulated correctly, it may

cause motion sickness.

3. 3D visual effects: Interaction with the light in 3D is different than it is in 2D. For ex-
amp]e, unrealistic visual effects would easily break the illusion and reduce immersion.

4. 3D user interaction: User interaction in 3D is more complicated than it is in 2D. For
example, (x,y) coordinates on a 2D screen can easily be determined. Meanwhile, in 3D,
sophisticated algoritbms like ray-casting are required.

5.1.3 Implementing

According to the previous studies, the coding requirement was one of the signiﬂcant hurdles.
Coding is essential to implement an XR project. However, further results in this research
showed that the coding part is a small portion of the XR development. Understanding the
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programming paradigm seems to be more beneficial than just writing code as it equips the
novices with the necessary skills to comprehend the overall system. The author believes that
novices should not consider the lack of coding skills as a significant obstacle. Algorithmic
thinking and the basic understanding of programming paradigms are sufficient to start the
XR journey. Novices can improve their coding skills with various inscruments while produc-
ing XR experiences.

5.2 Authoring Tools

The most extensive section of this thesis concerns the authoring tools. The primary data
collection methods were the diary studies, user tests, and the reviews of tools from previous
research. The semi-structured interviews and the focus groups also supported the investiga-

tion.

5.2.1 Understanding

DART? [28] has been recognized as a highly successful no-code authoring tool, inspiring nu-
merous researchers to develop similar tools aimed at lowering the barriers to entry. The
author acknowledges the utility of these tools for specific tasks but questions their effective-
ness in genuinely reducing the barriers for the novice deve]opers. He argues that to avoid
the vicious circle ofa novice XR developer (see Figure 2.1), one should start with a comp]ete au-
thoring tool instead of a no-code platforms. If this person has limited coding skills, then
the visual scripting feature of the complete authoring tool can enable him/her to create XR
applications without writing code.

Regarding development platforms, Unity and Unreal are the most popular authoring
tools. This study found that Unity is considered the de facto standard platform with a shal-
low learning curve. It has comprehensive tutorials and guides for novices. Moreover, the
transition from Unity to Unreal is well documented and could ne easier, but not the other
way around. Thus, the author advocates that Unity is a more suitable authoring tool for the
novices.

5.2.2 Designing

Asset creation and prototyping are essential details of the XR development cycle. The author
believes that altnough no-code authoring tools are unsuitable for generic XR deve]opment,
they can be helpful for asset creation. These tools can help novices to create assets rapidly
and use these assets in prototypes and storyboards.

Another aspect to consider is the level design and the project structure. Unreal serictly
follows the OOP paradigm not only for its scripting but also for its level design. Novices
without expertise in programming would have difﬁcu]ty in creating desired scenes. However,
Unity’s level design is a parent-child hierarchy that follows the tree structure, which is casier
for the newcomers with limited programming knowledge to grasp. The author recommends
Unity for novices, considering its more straightforward design structure.

2The Designer’s Augmented Reality Toolkit
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5.2.3 Implementing

[t was mentioned above that Unity is considered to have a shallow learning curve. One of the
components that leads to this is the scripting 1anguage: C#. The results indicated that learn-
ing Unity’s scripting language C#, is more straightforward than learning Unreal’s scripting
language C++. The level design architecture and the scripting language influence the visual
scripting features of these tools as well. The author found that although Unreal Blueprints
offers a more robust system, using Unity Visual Scripting (UVS) was more straightforward,
making UVS more suitable for novices.

The author considers visual scripting as an excellent introductory instrument for novices
with limited coding skills. He emphasizes that the visual scripting can enable novices to
generate outputs early in their journey, become familiar with the authoring tool, and improve
their programming skills to transition to actual scripting.

The author believes that generating concrete results as early as possible would enable
novices to produce prototypes quicker, allowing them to practice more iterations. During
these iterations, novices also become more familiar with the authoring tool. This can help
them learn the correct terminology and find the relevant information easily. Thus, it is advo-
cated that completing such a positive feedback loop (learn—create—iterate) can effectively
improve the learning experience and prevent the vicious circle of a novice XR developer.

The visual scripting has disadvantages as well. It is not performance optimized and not
as flexible as code scripting; complex visual scripts may turn into spaghetti code, and some
simple tasks like mathematical operations are hefty to implement. The author acknowledges
these limitations yet still supports the visual scripting as a valuable introductory instrument
for novices to develop the fundamental skills. Normal scripes and the visual scripes can
coexist and empower novices to take advantage of both. For example, the author suggests
writing mathematical operations with coding and then converting it into a visual node and
using it in visual scripting to prevent spaghetti code. Because, basic programming skills would
be sufficient to write most of the mathematical operations in C#. The combination of these
two options helps novices to improve their coding skills and encourages them to learn and
practice.

The final stage of the project implementation is the deployment. The user needs to de-
ploy his/her solution to a hardware platform such as an HMD or mobile device. During
the research, it was observed that Unity has more versatile cross-platform XR deployment
capabilities. Its documentation, plug-ins, and plug-in management options make the cross-
p]atform development and dep]oyment more straightforward, making Unity more suitable
for novices.

5.3 Generative Al Tools

Today, Generative Al technology supports people in different fields. This study investigaced
how GenAl could support novices in XR. The primary data collection method was empiri-
cal research in which the author experimented with ChatGPT and Unity Muse. The semi-
structured interviews and the focus groups also provided additional information.
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5.3.1 Understanding

Generative Al has generated hype and has been treated as a cure for every probiem. However,
the author observed that the GenAl is not magic. It can ampliﬁr the user’s capabilities to
become more efficient and productive, but it cannot go beyond the user’s potential. In this
regard, it can be a perfect instrument to support notices to grow gradually.

One significant limitation is that these intelligent tools are not perfect (yet). Therefore,
the novice users are advised to adapt their GenAl usage according to their knowledge level
to assess the GenAl answers so that false information can be filtered. Considering these
limitations, one can still benefit from GenAl to find information, delve into details, clarify
ambiguous points, or see examples for guidance. These benefits can speed up the learning
process and make it more efficient considering the fragmented XR field where there is no bible.
The author advocates that GenAl can be an effective learning tool for novices to improve
their skills and knowledge

Another aspect to consider is the cost associated with these tools. Developer participants
mostly used premium tools, such as GitHub Copilot, for code generation. In addition, the
author tested Unity Muse (paid) and ChatGPT 3.5 (free). The author found that the addi-
tional benefits of premium tools would not make a significant difference for novices because
of their limited XR knowledge and coding skills. He thinks that free tools would be sufficient
for novice XR creators as there are abundant of them for various purposes.

5.3.2 Designing

The above limitations are also present in the design phase. The user has to review GenAl’s
answers before using them. With that in mind, the author recommends the novice XR prac-
titioners to use GenAl in two design topics: game design and visual asset creation.

It was found that the GenAl can inspire the user in game design directly or indirectly.
The direct inspiration can be achieved by asking direct design questions. And the indirect
inspiration occurs as a by-product of another question. In both cases, the GenAl can enable
the novices to leverage their potential by providing valuable examples or additional features.

The author does not recommend using chat-based general-purpose Al tools for com-
plex/heavy 3D asset creation. These general-purpose tools are not specialized in 3D asset
creation, and the artifacts would not be suitable for using in XR development. For example,
the ChatGPT-created asset may not be compatible with Unity. However, findings showed
that such GenAl tools, e.g., Unity Muse, can support novices with simple visual creations like
textures.

5.3.3 Implementing

One of the biggest limitations of the GenAl instruments is that they are not part of the
VR/AR project that is being developed. As the tools are not integrated into the project,
they cannot give project-aware answers, which may cause errors or unexpected behaviors.
Therefore, following the GenAl blindly may not be a good practice. The practitioner should
be able to understand the answers and use them according to the project’s needs.

When it comes to code generation, GenAl-generated code must be reviewed more rig-
orously than other GenAl-generated artifacts before use. Because there may be undesired
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code snippets, that are by-products of GenAl-code-generation, in the script. These snippets
may perform specific actions without the novice user noticing them. These code pieces may
be harmless, but they can also pose cybersecurity risks. Therefore, novices should be very
cautious when using the code from GenAl

Cybersecurity aspect should be handled with care in XR because as mentioned, XR sys-
tems can collect unique personal data requiring the highest level of protection (See 1.4 Ethical
and Legal Concerns). For novices, this may not be a common situation. They may never at-
tempt to develop something risky, but the author takes a conservative approach in this topic.
He encourages novices to perform responsible development practices from the beginning of
their XR journey to build ethical habits. Therefore, novices are advised to use GenAl gen-
erated code at a level that he/she can assess the risk associated with it.

Having mentioned these risks and limitations, the author believes using the GenAl as
a learning tool would be the safest option. In the previous section, the combination of vi-
sual script and normal script was recommended for novices to improve their programming
skills. The GenAl tools can help novices generate such codes, which would be hefty in visual
scripting but simple to review in actual code.

Converting the visual scripts to regular scripts was also recommended for novices to im-
prove their programming skills. The GenAl tools can guide the novices in this exercise by
explaining the code blocks and their structure. As the novices have already developed the
application with the visual script before, they would be familiar with the solution and able
to assess the code and its behavior.

To wrap up, the author takes a conservative approach and advocates using the GenAl as a
learning tool to find information and generate basic codes that would not pose cybersecuricy
risks or are simple enough for novices to review.
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The Hitchhiker’'s Guide to XR

Begin )

o Be VR/AR user ° Pick a complete ;Jser—centered o Focus in simple Add more into
authoring tool esign but early output the project
o Mathematic _and Gettl.ng-started Visual scripting o Find information Learn coding
analytical skills tutorials with GenAl with GenAl
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o 3D Concepts programming " o o ipt i
. World! tools script into code
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Algorithmic thinking knowledge and Test Share
o o iy and examples o °

Figure 5.1: Different stages in the journey of novice XR practitioner

5.4 Recommendations for Beginners

The overarching objective of this thesis is to guide the newcomers at the beginning of their
XR journey to overcome the barriers to entry. This journey has different stages which are
visualized and summarized in the Figure 5.1.

To progress in this journey, one needs to prepare himself/herself in advance. Experienc-
ing immersive technologies and trying to understand them would be a good start. Without
understanding what XR is, it would be difficult to create one.

Analytical skills are essential in XR. Understanding mathematics and 3D concepts is suf-
ficient initially; one does not need to be an expert in these topics. Basic algorithmic thinking
and design thinking always bring extra benefits at the beginning.

It is an excellent strategy to start with a complete authoring tool and develop knowledge
around it. This narrows the focus and makes finding tutorials and project examples casier.
Understanding the programming paradigm would allow novices to utilize the learning re-
sources better.

The user-centered design principles can guide beginners through the design cycles. Be-
sides, if the user is not experienced with coding, the visual scripting is a good alternative for
starting the first project.

The novice users should aim for incremental growth. Seeing outputs as early as possible
would keep beginners going. There are various resources to help with asset creation. These
tools can be utilized. Then, GenAl can support and inspire the beginners by bringing the
necessary information. And testing should not be forgotten; make sure that the project is
working as expected.

In the final stage, it is time to repeat everything; add more things to the existing projects,
convert the visual scripts into code, and improve programming skills. When the project is
ready, deploy it to HMDs or hand-held devices. It’s time to have fun.

Don’t forget to share it with family and friends!
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5.5 Research Questions and Answers

« RQ1: What are the initial challenges and highlights when entering the XR field? How

can a fresh entrant overcome these challenges?

+ The main challenge newcomers face is that there is no well-defined career or develop-
ment path in XR to guide them. The highly fragmented sector also makes it difficult to
access the resources. Fortunately, there are tools suitable for the novices. These tools
can enable them to produce simple XR artifacts. Witnessing concrete outcomes ecarly
can keep them motivated to move forward.

Basic mathematical skills, the understanding of 3D concepts, and algorithmic think-
ing are prerequisites for overcoming entry challenges. Based on these know-how, the
novices can start working with complete authoring tools and expand their knowledge.

— RQI_1: What are the fundamental skills required? How effectively can people
from different backgrounds transfer their skills to XR?

— Four fundamental skills are required to enter XR successfully: General math-
ematical skills, understanding 3D concepts, algorithmic thinking, and design
thinking. Depending on their background, people can transfer their skills from
other domains into XR domain without a major issue. Transitioning from game
development and mobile development to XR is smooth.

« RQ2: What is the status quo of the authoring tools? How does the no-code approach
reflect on popular XR authoring tools?

+ There are numerous authoring tools available for different use cases. Unity and Unreal
Engine are the most popular complete authoring tools in XR. Unfortunately, the pre-
vious research on no-code tools did not influence the complete authoring tools. Most
of the no-code authoring tools that was developed under research became obsolete.
There are a few examples of research-originated tools becoming commercial products
for specific purposes but not complete authoring tools.

The complete authoring tools like Unity and Unreal offer visual scripting, which en-
ables users to create game-play elements and interaction mechanics without writing
any code.

- RQ2_1: How effectively can visual scripting lower the barriers for novice users?

— The visual scripting has the potential to lower the barriers to entry for novices as
it enables the users to create scripts without writing code and encourages them
to improve their algorithmic thinking and programming skills. It is a great tool
to start with. Users can learn basics and become familiar with the complete au-
thoring tools. Then, the user can gradually shift to regular coding.

« RQ3: How can Generative Al tools support novice XR practitioners and lower the
barriers to entry?
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5.6 LIMITATIONS

+ The GenAl is a promising novel technology that can support novice and experienced
XR practitioners. Especially for the novices, tackling initial challenges with GenAl
can effectively lower the barriers. It can help to find information, explain concepts,
and guide them on design and implementation. These features can assist novices in
developing and improving the necessary skills to progress in XR.

5.6 Limitations

Some limitations have occurred at different stages of this research due to time, resources, and
availability constraints. This section explains these limitations.

The major limitation of this study was the number of participants in user research (inter-
views, focus groups, and user tests). Advertisements were published. Incentives (free movie
tickets and lunches) were offered, but the participation could not be improved. Demograph-
ics were also limited to European residents with technical backgrounds. Although some par-
ticipants were originally from different regions, they all resided in Europe at the time of
study. Moreover, 80% the participants (17/21) had engineering or computer science back-
grounds. The author attempted to mitigate the impact of these limitations by triangulating
the data from various methodo]ogies.

Despite all efforts and gifts, only four participants could be recruited for the user test.
Although this test was not a usability test, the author thinks the essence is similar. In this
regard, Nielsen [38] argues that increasing the number of user tests would reach a point of
diminishing return and claims that five user tests would be sufficient to find most of the
design problems. In light of Nielsen’s suggestion, the author believed that significant friction
points in visual scripting could be identified despite the limited number of participants.

In addition, a newer version of Unity Muse was published at the end of Generative Al
experiments. The newer version could be installed as an in-editor package for 2022.3 LTS
or later versions. This was a noteworthy update as it was claimed that the in-editor version
could understand the actual scene and tailor its answers according to the active scene [18].
However, the author could not test it due to trial license limitations and time constraints to
complete the research. Therefore, the in-editor version was not tested for this thesis.

Diary studies were conducted by the author only. Inevitably, such self-study results in
certain limitations, such as lack of diversification or personal bias. The author put his best
efforts into collecting objective data; however, it is impossible to evaluate the impact of in-
visible bias, if there is any. To tackle this, the insights were supported with data from other
studies.

5.7 Recommendations for Future Work

People with different skills may experience the barriers differently. Identifying the challenges
according to demographics and backgrounds and attempting to lower the barriers to entry
for those particular groups may be a practical approach.

The VR/AR sector and GenAl technologies are evolving rapidly. Repeating similar stud-
ies over a specific period, e.g., once every five years, may provide valuable insights and keep
academia and industry updated with the current trends. Project-aware GenAl tools might
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radically change the XR field.

Standardization would be the most effective way to consolidate the XR market. Consol-
idation would naturally fix most of the issues and lower the barriers to entry. Researchers,
non-profit organizations, and companies should unify their efforts to standardize the XR

field.
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Chapter 6

Conclusion

The adoption of Extended Reality (XR) was accelerated, and the demand has increased in the
recent years. To fulfill chis increasing demand and industry expansion, new people should join
the XR field. However, the barriers to entry remain high, making it difficult for newcomers.

Previous studies identified key difficulties in the XR field and proposed no-code author-
ing tools as a way to overcome these difficulties. Unfortunately, these tools had limited capa-
bilities and prevented the users from transitioning to complete authoring tools. The author
described this issue as the vicious circle of a novice XR developer (Figure 2.1) where the novice XR
developer is unable to create complex XR experiences because of the limitations of no-code
authoring tools and also unable to use the complete authoring tools because of lack of skills
and know-how.

This thesis aimed to lower the barriers to entry by finding empirical insights and the best
practices from experienced XR practitioners, attempting to tackle the coding requirements
with visual script programming, and exploring Generative Al (GenAl) assisted development.

The results indicated that mathematical skills, the understanding of 3D concepts, algo-
rithmic thinking and design thinking are the required fundamentals in the field. Having
these skills at a basic level is sufficient to start. To prevent the vicious circle of a novice XR
developer, it is recommended to use a complete authoring tool with visual scripting at the be-
ginning. Visual scripting can enable users to create XR experiences without writing code. As
the novice user becomes more familiar with the tool and programming, he/she can improve
his/her skills gradually. Moreover, Generative Al can help novices to learn more efficiently
and improve their skills effectively by guiding them. The novices can utilize GenAl to fix
issues, improve existing projects, or create assets.

Finally, a set of recommendations was identified for beginners (See Figure 5.1). The au-
thor believes that these recommendations can guide novices to overcome the barriers to entry

to XR.
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Interview Plan for Thesis

Participant profile:

e Age

e Gender

e Education & Background

e Occupation

e Total professional life

e Experience in AR/VR (or related fields)

Interview Protocol:

Explain the research intent and the anonymity of the participants.

Voice will be recorded for transcription. This transcription will be used for analysis.

Only the author and the supervisor will have access to participant details and recordings
Participants can cancel and leave the interview at any time.

Do you give your consent to participate in this interview?

Expected time 30-40mins.
Tools: Voice recording and note taking.

Interview Questions:

Semi-structured focused interview. Aim is to understand

the challenges at the beginning of VR/AR career

The ways and strategies to overcome these challenges
Skills needed in the sector

Use of authoring/development tools

Visual scripting and its applications in reality
Recommendations/best practices

Focus Group:

Focus group interviews will also follow the same format and question content as
individual interviews. For example, if the focus group consists of students and fresh
learners, then their respective questions will be asked to initiate the discussion.



Questions for Leaders/Experts

Can you introduce yourself? (Broadly: background and experience)

How did you first meet AR/VR?

Can you tell us the challenges and difficulties you had at the beginning of your
AR/VR journey?

o How did you overcome these challenges?

e Let’s flip the coin, what about positive things, highlights? What kept you
motivated to continue at the beginning of your AR/VR journey?

o Follow up question related to main motivators.

e Throughout this journey, how could you transfer your skills from different domains
like XXXXX (something from the first answer that they introduce themselves) into
AR/VR?

e Talking about skills, what kind of skills/profiles do you have in your
team/company? Or what kind of skills/profiles do you need in your
team/company?

e Can you find talented people in the AR/VR sector? How do you see the industry
from a human resources perspective?

e \When you have a new team member, how do you observe their progress? How
do they develop and contribute to your team over time?

e Let's move on to the tools your team is using. What kind of tools, programs,
applications does your team use?

o Specifically, authoring tools like Unity, Unreal Engine, Autodesk 3ds Max
etc. How do you use them? In which parts of your product development
process they are used?

m Tell us more ...

e These tools have visual scripting options (unity and unreal). Do you know such
features? Does your team take advantage of such features?

o If yes >> How do you use them, can you explain? What are the good
things and and missing things about visual scripting? Advantages &
disadvantages & things to improve?

e Last question, how do you see the future of the immersive technologies market
(AR, VR, XR etc) ? What do you recommend to people who want to enter the
AR/VR industry?

e Anything you would like to add related to AR/VR?

And some follow up questions according to their answers.

Blue: Common questions across participants
Green: Participant group specific questions



Questions for Developers/Designers/Creators.

Can you introduce yourself? (Broadly: background and experience)

How did you first meet AR/VR?

Can you tell us the challenges and difficulties you had at the beginning of your
AR/VR journey?

o How did you overcome these challenges?

e Let’s flip the coin, what about positive things, highlights? What kept you
motivated to continue at the beginning of your AR/VR journey?

o Follow up question related to main motivators.

e If we go more into your learning experience: How would you describe your
journey until today? Can you draw the picture of your development journey?

e Throughout this journey, how could you transfer your skills from different domains
like XXXXX (something from the first answer that they introduce themselves) into
AR/NVR?

What kind of skills are required to become a successful VR/AR practitioner?
Let’'s move on to the tools that you use. What kind of tools, programs,
applications do you use?

o Specifically, authoring tools like Unity, Unreal Engine, Autodesk 3ds Max
etc. How do you use them? Can you elaborate?

e These tools have visual scripting options (unity and unreal). Do you know such
features? Do you take advantage of such features?

o If yes >> How do you use them, can you explain? What are the good
things and and missing things about visual scripting? Advantages &
disadvantages & things to improve?

VR/AR market is changing rapidly, how do you keep up with changes?
Can you summarize your day-to-day job? How do you see working as an AR/VR
creator?

e What are your go-to resources/platforms to learn something new, or for
troubleshooting or for better understanding?

e Last question, how do you see the future of the immersive technologies market
(AR, VR, XR etc) ? What do you recommend to people who want to enter the
AR/VR industry?

e Anything you would like to add related to AR/VR?

Blue: Common questions across participants
Green: Participant group specific questions



Questions for Students/Learners

Can you introduce yourself? (Broadly: background and experience)
How did you first meet AR/VR?
Can you tell us the challenges and difficulties you had at the beginning of your
AR/VR journey?
o How did you overcome these challenges?

e Let’s flip the coin, what about positive things, highlights? What kept you

motivated to continue at the beginning of your AR/VR journey?
o Follow up question related to main motivators.

e If we go more into your learning experience: How would you describe your
journey until today? Can you draw the picture of your development journey?

e Throughout this journey, how could you transfer your skills from different domains
like XXXXX (something from the first answer that they introduce themselves) into
AR/NVR?

e What is your development plan in this field? What kind of skills do you think that
you should develop to become a successful AR/VR creator?

e Let’'s move on to the tools that you use. What kind of tools, programs,
applications do you use or learn?

o Specifically, authoring tools like Unity, Unreal Engine, Autodesk 3ds Max
etc. how do you learn them? What kind of resources do you have?

e These tools have visual scripting options (unity and unreal). Do you know such
features?

o If yes >> How do you use them, can you explain? What are the good
things and and missing things about visual scripting? Advantages &
disadvantages & things to improve?

What do you recommend to people who want to enter the AR/VR industry?
Anything you would like to add related to AR/VR?

Blue: Common questions across participants
Green: Participant group specific questions
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Introduction to the Unity Editor

Find “UNITY HUB?”, start it. Then open the project with your name. It will take couple of mins.

The default Unity Editor layout is organized with the most important windows you’ll need positioned to
help you complete basic activities. Let’s start by reviewing them:

© Editor - SampleScene - WebGL.- Unity 2021301 <DXi1> - 8 x
Fle Edit Assets_GameObject Pubih Window _Help

Component

= Cendl Inspector
window

© Inspector

Hierarchy
window Scene view

351

Project window

Scene view and Game view
In the center of the default Unity Editor layout is the Scene view. This is your interactive window into
the world you are creating. You'll use the Scene view to manipulate objects and view them from
various angles.
In the default layout, the Game view also appears in this area; you'll use the Game view to playtest
your game.

Hierarchy window
The Hierarchy is where you can organize all the things in your project. These things are called
GameObjects.
If you add a GameObiject to your project in Scene view, it will be listed in the Hierarchy. If you delete a
GameObiject from the scene, it will no longer be listed.

Project window
The Project window is where you can find all the files (assets) available for use in your project,
whether you use them or not.
The Project window works like a file explorer, organized in folders. You can drag assets directly from
the Project window into the Scene view to add them to the scene.
Note the difference between the Project and Hierarchy windows: the Hierarchy contains all the
GameObijects in the current scene, and the Project window contains all the assets available to your
entire project.

Inspector window
The Inspector is where you’ll find and configure detailed information about GameObjects.
When you select a GameObject in Scene view or in the Hierarchy, you’ll see its components in the
Inspector. Components describe the properties and behaviors of GameObijects.

Toolbar
Use the toolbar buttons to change your point of view in the scene, and start and stop Play Mode.
The scene navigation functions are hosted in a floating toolbar in your scene view. These functions
allow you to move, rotate and scale your selected GameObjects.



Practice navigating the scene

When working in Unity Editor, navigating in the Scene view is very important. One way to think about
navigating in this window is like operating a drone camera — it lets you examine your GameObjects
from any angle or distance.

With practice, you can learn to navigate with ease. There are also more general settings you can use
to configure the Scene view.

Let’s quickly review the basics:

e Pan: Select the Hand tool in the Toolbar and click and drag in the Scene view to move your
view.

e Zoom: Holding Alt (Windows) right-click and drag in the Scene view to zoom.

e Orbit: Holding Alt (Windows) left-click and drag to orbit around the current pivot point. Note:
this option is not available in 2D mode.

e Focus (Frame Select): When a GameObject is selected, select F with your cursor in the
Scene view to focus your view on that GameObject. Note: If your cursor is not in the Scene

view, Frame Select will not work.

Flythrough mode

You can also use Flythrough mode to navigate in the Scene view by flying around in first person,
which is common in many games. To do this:

e Click and hold the right mouse button.
e Use WASD to move the view left/right/forward/backward.
e Use Q and E to move the view up and down.
e Select and hold Shift to move faster.
Getting Started

You will see a screen like the following image. Try to right click your mouse in the scene and then
move it around to see the 3D Scene in the scene view. You can move by using WASD. _
Top center, you will see Play and Pause buttons. Press play and walk in the scene.

"‘------------aa@@
&




You can walk by WASD and shoot a projectile from your gun with left click. To exit game mode, press
ESC and then deselect the PLAY button. You will add some interaction to make this simple scene
more fun.

To create certain action, logical flow or interaction, Game Objects should be programmed. This is
done by creating a script and then attaching this script to the game object that needs to be
programmed. There are two scripting options: C# and Visual Scripting. In this study, we will assess
how effectively Unity Visual Scripting enable people to program without writing any actual code.

Visual Scripting

Let’s learn about how to do it.

-

First, find the cube that is floating in the air in the scene.
Alternatively, you can double click the “Cube” in the hierarchy.
Then your view will be moved to the Cube’s location. e Convert

aph
When the cube (or any game object from hierarchy) is
selected, you will see the details of the cube (or selected
game object) on the right hand side, in the inspector window.

e, Z Angle, Relative To)

Rotate (X Angle, Y Angle, Z Angle)

Task 0: Rotation

Visual Scripting is a tool that gives you opportunity to program game objects by connecting nodes.

You can navigate in the space by clicking middle mouse wheel. You can right click on the empty
space, it will also show the menu. Alternatively, you can click and drag the white triangles, when it is
released, the menu will appear.

You can type “Rotate” in the menu and select “Rotate (X Angle, Y Angle, Z Angle). Then type 1 in one
of these variables. Save the script by “ctrl + S”, close or minimize it. Navigate to the main editor and
start the game mode by clicking Play button on top.

You should see the cube rotating now. What is happening? The “Update” is the function that literally
updates the scene for every frame. It rotates the cube by 1 degree for every frame. Since there are
not many things moving in the scene, the game runs at very highspeed like 100-200 frame per
second (FPS).



Task 1: Destroy

Let's open the visual scripting again. To remove the connection between update and rotate, press
“Alt” and then right click the arrow. The connection should disappear. If you want, you can select and
delete the nodes that you do not want to use.

Now let's do something else, right click on the empty space and search for “collision” and select “On
Collision Enter” from the options.

When one object collides with the game object (in this example the cube, because we are writing the
script which is attached to the cube), the game object enters the collision state.

adestry] Pull the arrow from this event and
search for “Destroy” then select
B Component: Destroy (Obj, T) Destroy (Obj, T) As the name
t: Destroy (Obj) suggest, this function destroys the
oyed { object obj, in certain time T.

While the other functions are green,
this Destroy function is orange.
Because it is not ready yet. The
destroy function requires two input:
Object and time. We want to destroy
C\ On Collision Enter bj the cube itself that we are

+ event & Gra . programming. Then we can right click

-’ on empty space and search for “This”.

“This” node points to the object that
we are programming for. In this
situation, it is the cube. Select the
This node and connect it to obj on
Destroy function. It is not orange
anymore, because it has all the necessary input: Object to Destroy = “This” and Time to Destry = 0
secs. Let’'s make it 3 secs. Save the script ctrl + S, and then go into game mode and test your script.

When you are in the game mode, try to hit the box by shooting projectiles from your gun. What
happens? You can exit from the game mode and make the time of destroy function to zero or small
number make it more realistic.

Task 2: Explosion Effect
Navigate to project window, and open Assets > Prefabs > select Projectile.

This is Prefabricated copy of Projectile
which is the object that our gun throws.
For this game, the gun was
programmed in a way that when the
user clicks, a new copy of this
projectile is created and then it was
pushed in the direction that the gun
facing.

Prefabs

PlayerFoll Projectile

When the projectile is selected, on the right hand side, you can see the Script Machine component
like the cube had. Script Machine > Edit Graph. You can see it is empty now.

First, you need to add a node which is triggered when an object collides with another objects.

Then you need to add another node which can instantiate an original copy of a prefab (like
projectile) at certain position and rotation.

Explosion effect is achieved by particle systems. Our demo game already has this system installed.



See the screen shot in the next page to find the particle systems. We will use TinyExplosion in our
test. You can navigate to the fire effects prefab folder and try other fire effects too.

We need to pass this TinyExplosion prefab to our Visual Script. Otherwise, the script itself does not
know what to instantiate.

Unity Techn ParticlePack » EffectExamples > Fir s > Prefabs

FireBall a e. FlameThr...

To pass thls prefab to our script, we need to create a variable from the menu on left hand side. Please
type a name for your fire effect, here in this example,
we call it “fire” for now. And then select the type as
lackboard game object. And Value: click the circle with the dot

e = Ml inside. Type “tinyexplosion” and select the prefab it
shows.

At this point, we defined our Game Object type as a
QFie variable named Fire. It will pass the TinyExplosion
e [ Game Object effect to our script.
Value @ None (Game O ] O]
Now, your task is to create a script that instantiates the
TinyExplosion when the projectile enters a collision at at
the place where the position and rotation comes from
the projectile itself.

You are free to use any resources online, offline or anything. It is also good if you think aloud about
the steps what you are going to do, what do you think about the task.

You can also ask questions to the host if you cannot find an answer or if you are not really clear about
what to do. Please note that, we are not testing you, but we are testing how easy to use the visual
scripting, how effective and intuitive it is. Do not hesitate to ask for help, but you need to try yourself
first.

Try and test the fire effect, try to make it as good as possible by playing with it adding some extra
thins or maybe by optimizing its effect.

Task 3 — Life

If you could successfully complete the Task 1, then let’s add one more logic in this game.
Let’s add a life count to the cube that was in the scene. Then reduce the life by one when
the player shoots the cube with the gun. When the life hits zero, the cube should be
destroyed.

Not clear? Any question? Do not hesitate to ask!
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Introduction to Unreal Engine Level Editor

Find “UNREAL ENGINE” and start it. Then open the project with your name. Give it a couple of
minutes. The default Level Editor is organized to help you with the most important windows. When the
editor is running, you will see an interface similar to this layout:

1 Tab and Menu Bar

Recently Placed
Y ® oy oo

Basic

Lights i\ Empty Character

Cinematic o

Empty Pawn
Visual Effects
Geometry. Point Light
Volumes

Player Start
All Classes

® sphere

l' Cylinder
‘ Cone

=== Plane

W Box Trigger
fAddNew' > X import B SaveAll € & ontent » StarterContent »

phere Trigger PH B Yriters~ B8 erContent

“i= Content

7 5
#m Engine Content
B3 Engine C++ Classes

Content Browser

Audio Blueprints

1. Tab and Menu Bar
Menu bar provides general tools and commands like edit, help etc.
2. Toolbar

It has group of commands and provides quick access to commonly used tools and operations. We will
use Play option mostly.

3. Actos
This is where you can find Actors (object) like 3D objects, characters or other elements.
4. Viewport

The Viewport panel is your window into the worlds you create in Unreal Engine. This is the screen that
you see and manipulate your level. In our example, you see the 3D scene that will be used for this
test. You can place Actors (objects) in the viewport, adjust the 3D geometry or more.

5. Content Browser
You can navigate and access to the files and folders in your project.
6. World Outliner

The World Outliner panel displays all of the Actors within the scene in a hierarchical tree view. You
can select and modify Actors directly from the World Outliner. Use the Info dropdown menu to display
an additional column that shows Levels, Layers, or ID Names.

7. Details

This panel shows the details of the object (actor) that is selected in the level. For example, selecting a
cube will show the location of the cube, its scale, material, texture etc.



Practice navigating the level

The viewport can be navigated just as you would in a game, There are various controls to enable you
to navigate the scene, select and manipulate Actors, and change display options while working in the
viewports.

Left Mouse Button LMB

Right Mouse Button RMB

Middle Mouse Button MMB
LMB + Drag Moves the camera forward and backward and rotates left and right.
RMB + Drag Rotates the viewport camera.

LMB + RMB + Drag Moves up and down.

RMB + W/A/S/D Moves the camera forward, left, backward and right
RMB + E/Q Moves camera up and down
RMB + Z/C Zooms the camera out and in

You can select Actors in the viewport individually simply by clicking on them.

Getting Started

You will start with a screen like the following image. You can move in the scene as it was explained
above by using your mouse right click and WASD. If you click “Play” button in the top of the screen,
you will simulate your game. Press play and try to explore the scene: walk around and shoot with your
gun, interact with other objects. You can press “Stop” button or ESC to stop the simulation.

:‘
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To create certain action, logical flow or interaction, Actors (Game Objects) should be programmed.
This is done by creating scripts for actors. There are two scripting options: C++ and Blueprint.
Blueprints are scripts that are developed by connecting visual nodes instead of writing C++ code. In
this study, we will assess how effectively Unreal Engine Blueprints enable people to program without

writing any actual code.

< InputAxis MoveForward
»

Axis Value @

J Get Forward Vector |

—

Target Return Value @
First Person Camera 2 2 ®

J Get Actor Forward Vector

Return Value @

J Add Movement Input

Target |
World Direction
@ Scale Value

Force D

3+ Select
® False Return Value &
& True

Index

77Is Head Mour;t;dT)irsplaiy Enabled

Return Value

Blueprints example: programming an actor without writing code.

Let’s do our first visual programming.

Blueprints

In the content browser, you will see “Cube_Blueprint”. Double click on it and open the Blueprint editor.

== Content Browser
I Add/import > [3 SaveAll € % Content »

PESNEICER A Scarch Blueprints

Y FirstPerson FirstPerson
Cube_Blueprint Chaacte: GareMeds FirstPersonHUD

All Actions for this Blueprint
event tick
4 Add Event
& Event Tick
4 Input
< Gamepad Events
M Gamepad Left Thumbstick 2D-Axis
/M Gamepad Left Thumbstick Button
M Gamepad Left Thumbstick Down
# Gamepad Left Thumbstick Left
M Gamepad Left Thumbstick Right
M Gamepad Left Thumb
# Gamepad Left Thumb
M Gamepad Left Thumb

# Gamepad Right Thumbs

Task 0: Rotation

FirstPersonBP » Blueprints

We will create our visual
scripting in this editor.

Right click on the empty space
(you may also notice “Right-
Click to create new nodes”
message on top of the empty
field)

Then in the dropdown menu, type “Event
tick”. Select this event and place the node
in the field.

Once this node is placed, right click
somewhere else in the empty field and
search for “Actor rotation”. And then select
“AddActorLocalRotation” node.

Left click on the white triangle on the Event
Tick node and connect the node to the
white triangle on the left of
AddActorLocalRotation node.



Type 1 in one of the XY Z values. Save the Blueprint by ctrl + S or from Save button on the top. Start
the game simulation by clicking play button in the editor main page.

At this point, you should see the cube on left is rotating. What is happening here? The Event Tick
node is triggered with every frame update during the game. And this node was connected to local
rotation function. Result: 1 degree of rotation is added to the cube at every frame update.

Task 1: Destroy

Let's add an interaction to our game. We will destroy the cube when we hit with the projectile that we
shoot from our gun.

First, we need to find the hit

< Event Hit . . . .
D / Executable actions [ Context Sensitive function in our Bluep”nt' nght

Ty X click and search for “Hit”, then
My Comp e o
T == Unbind Event from On Uestroyed you Sh0U|d flnd Event Hlt

4 Hand Meshing Function Library

Other Comp 4Magic Leap Opt|0n, add |t tO the scene.
Self Moved f Destioy Client
Hit Location 4Light Estimation Function Library After adding our event hit, you can

L 4 Magic Leap . H
Hit Normal 'f DSt Tracker drag the line from Event Hit node.

el ipeler 4online This will automatically open the

Hit 4Session

f Destioy Session menu where you can search for

“Planes Function Library “Destroy”, Select “DestroyActor”
4 Magic Leap
f Destroy Tracker .
AUtilities DestoryActor node is added to our

Destroy script and it is already connected
f Set Life Span .
AVariables to the hit event.

4 Actor

Set Auto Destroy when Finished Save the Script, p|ay the simulator
and try to hit the rotating cube.

Task 2: Explosion Effect

We are going to add some visual effects to our game. When our projectile hits a target, we would like
to have an explosion effect. To do this we need to program our projectile actor. Double click on the
FirstPerson Projectile object in the same menu screen as Cube_Blueprint. (See the image on
previous page). Explosion effects are handled by emitters in Unreal Engine. As the name suggest,
emitter is an actor that produces emission of heat and light.

The logical flow is as follows: When a hit event occurs, we want to Spawn Emitter at location. In
other words, when our projectile hits another object, a new emitter actor will be created in the scene
at location. Now your task is to create this explosion effect.

You are free to use any resources online, offline or anything. It is also good if you think aloud about
the steps what you are going to do, what do you think about the task.

You can also ask questions to the host if you cannot find an answer or if you are not really clear about
what to do. Please note that, we are not testing you, but we are testing how easy to use the visual
scripting, how effective and intuitive it is. Do not hesitate to ask for help, but you need to try yourself
first.

Try and test the fire effect, try to make it as good as possible by playing with it adding some extra
thins or maybe by optimizing its effect.

Task 3 — Life

If you could successfully complete the Task 1, then let's add one more logic in this game. Let's add a
life count to the cube that is rotating in the scene. Then reduce the life by one when the player shoots
the cube with the gun. The cube should be destroyed once it runs out of life.

Not clear? Any question? Do not hesitate to ask!
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