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ABSTRACT

The traditional two-dimensional representations
in organic chemistry education highlighted the
lack of depth and interactivity, impeding student
learning, engagement, and comprehension. By
emphasizing on the limitations of conventional
educational materials, the research advocated
for integrating Augmented Reality (AR) and Virtual
Reality (VR) technologies, which enhance organic
chemistry visualization. The main objective was to
bridge the gap between two and three-dimensional
perspectives, offering a more dynamic and
interactive learning experience.

The thesis aimed to assess traditional teaching
methods in organic chemistry—lectures, textbooks,
and laboratory exercises. It also aimed to identify
their challenges in conveying complex molecular
structures and reactions effectively. Additionally, it
explored the integration of Virtual Reality (VR) and
Augmented Reality (AR) with these conventional
methods. The goal had been to develop a
cohesive educational framework that combined
the strengths of both traditional and modern
technological approaches. This blended learning
model was meant to improve student engagement
and understanding by incorporating dynamic
visualizations into lectures as well as interactive
content into textbooks.

Building on this premise, the research focused on
the following questions:

1. What challenges do traditional teaching
methods face in teaching organic chemistry
concepts adequately?

2. What advantages do VR and AR offer in
organic chemistry education compared to
traditional methods?

3. Whatimpact do VR and AR technologies have
on student engagement in organic chemistry
compared to traditional teaching methods?

4. How can VR and AR be tailored to meet
pedagogical and andragogical needs in
organic chemistry education?

5. Why are VR and AR more effective than
traditional methods in enhancing learning in
organic chemistry?

6. What are the best strategies for integrating
VRand AR into the organic chemistry curricula
to enhance learning alongside traditional
methods?

7 How can AR and VR in organic chemistry
education be aligned with Vygotsky’s Zone
of Proximal Development to improve learning
outcomes?

8. HowcanARand VR be personalized in organic
chemistry education to support individual
learning and Piaget’s theory of self-learning?

9. What are the benefits and challenges of
applying the ‘Ship Early, Ship Often’ approach
to developing AR and VR tools in organic
chemistry education?
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Upon the completion of this research, a literature
review was conducted additionally as well as visual
and content analyses. Based upon the research
conducted, a visual solution was created to guide
curriculum developers, textbook publishers,
researchers, and educators in integrating VR and
AR technologies into traditional organic chemistry
curricula. The deliverable theory of the visual was
a high-fidelity wireframe prototype created for VR
and AR in Organic Chemistry, designed to enhance
student engagement and understanding by
combining immersive technology with traditional
teaching methods. The project also featured a
responsive website to inform stakeholders about
the benefits of this integration, supported by print
media like brochures, posters, and billboards for
broader outreach and awareness. The high-fidelity
wireframe prototype with the responsive website
and supporting print media, were crucial elements
in reshaping organic chemistry education, bridging
the gap between traditional pedagogy and
andragogy as well as futuristic learning paradigms.
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CHAPTER 1: INTRODUCTION



OVERVIEW

During my undergraduate years, | was first a pre-
medical major, taking organic chemistry courses.
Growing up, it always had been known that |
had artistic, design, and creative abilities. While
studying organic chemistry, my unique artistic
and design skills complemented and aided me
in understanding organic chemistry, allowing me
to identify and to address the visual limitations
of traditional teaching methods.While lectures,
textbooks, and laboratory exercises formed the
cornerstone of organic chemistry education, | had
observed a significant gap in their effectiveness.
The gap primarily lied in their inability to visually
communicate the intricate details of molecular

structures and reactions effectively.

The essence of my thesis had been to evaluate
the efficacy of the traditional teaching methods
in organic chemistry: the struggle of lectures in
bringing the dynamic world of molecules to life;
the depth of the textbooks confined into the world
of two-dimensional pages; lastly, the laboratory
exercises, which are practical but limited by the
physical and resource constraints.

The research explored how AR and VR could
bridge the gap between two-dimensional and
three-dimensional learning experiences, offering
a more engaging and interactive approach. This
theory examined the integration of AR and VR into
traditional teaching methods to create a blended
learning environment. Such an approach had
been expected to enhance student engagement,
comprehension, and overall learning experience.

The research focused on the same,

aforementioned pivotal questions asked in the
abstract section.

The following chapters of this research would
examine in detail the aforementioned questions in
this research. It would include the literature review,
visual process, and design process, used to arrive
at the final solution.

OBSERVED PROBLEM

The identified central issue in organic chemistry
education was the limitations of traditional
teaching methods; primarily lectures, textbooks,
and laboratory exercises. Although these methods
had been foundational, they had been mainly
constrained by their reliance on two-dimensional
visual representations, which inadequately could
not convey the dynamic and complex nature of
three-dimensional molecular structures and
reactions in organic chemistry. Suboptimal
visualization of key concepts potentially impeded
studentengagement,learning,and comprehension.

RESEARCH PROBLEM

The traditional two-dimensional representations
of organic chemistry concepts in educational
materials established by the curriculum
developers and the major textbook publishers,
lacked depth and interactivity. Consequently,
they resulted in suboptimal visualization that
potentially hindered learning, engagement, and
comprehension.
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RESEARCH IMPLICATIONS
& SIGNIFICANCE

The significance of this research underlines a
paramount shift necessary in organic chemistry
education, specifically on how immersive
technologies can bridge the gap between
abstract concepts and tangible understanding,
setting a precedent for future educational
frameworks. My work examines and explores
the challenges of traditional methods and the
benefits of AR and VR integration, extending the
dialogue on how immersive technologies can
bridge the gap between abstract concepts and
tangible understanding, setting a precedent for
future educational frameworks. It is poised to
influence various educational stakeholders—
from curriculum developers to educators to
students. Integrating AR and VR technologies
offers a differentiated learning experience
that can cater to multiple learning styles,
thus potentially increasing accessibility and
comprehensionacrossthe spectrumof learners.

In summary, this research addresses the
pressing need for modernization in organic
chemistry education. It provides a blueprint for
how emergent technologies like AR and VR can
be strategically integrated into curricula. Its
implications extend beyond organic chemistry,
offering insights that could transform STEM
education.

KNOWLEDGE GAP

In the ever-evolving landscape of organic
chemistry education, integrating advanced
emergent technologies like Augmented Reality
(AR) and Virtual Readlity (VR) presented
promising avenues for enhancing learning
experiences. These emergent technologies
offered the potential to transcend the
constraints of traditional teaching methods,
which often relied on two-dimensional
methods and inferior interactive approaches.
While a substantial body of research and
various software developments aimed to
address these limitations, significant gaps
still existed that needed to be addressed
strategically with the implementation of these
emergent technologies across the entire organic
chemistry curricula.

These gaps encompassed the effectiveness of
integrating AR and VR into existing educational
frameworks as well as a deeper understanding
of how these technologies could be customized
to suit diverse learning styles and preferences.
Furthermore, aligning these technological
interventions with the established educational
theories still needed to be further explored.
There seemed to be a need for a more holistic
approach that underlied the intricacies of
organic chemistry as a subject, and how
AR and VR could be utilized to foster a more
immersive, engaging, and conceptually sound
grasp of its principles and concepts.

Organic Chemistry in Virtual Reality 9




CHAPTER 2: RESEARCH




RESEARCH PROBLEM

The traditional two-dimensional representations
of organic chemistry concepts in educational
materials established by the curriculum
developers and the major textbook publishers,
lacked depth and interactivity. Consequently,
they resulted in suboptimal visualization that
potentially hindered learning, engagement, and
comprehension.

RESEARCH STATEMENT

The enhancement of organic chemistry
visualization through AR/VR Technology
thoroughly examined the inherent limitations
of traditional two-dimensional representations
in conveying organic chemistry concepts in
the conventional, educational materials for
better learning. Developed predominantly
by the curriculum developers and the major
textbook publishers, the deficiency in those
organic depictions often required additional in-
depth explanations to foster users’ interactivity,
and to improve students’ understanding and
engagement. Through a comprehensive
analysis, this study sought to advocate the
integration of Augmented Reality (AR) and of
Virtual Reality (VR) technologies into organic
chemistry education. By employing these
immersive technologies, the objective would be
to bridge the visual gap between two and three-
dimensional representations, offering students
a dynamic, interactive and enhancement of
organic chemistry notions that increased
their involvement and improved learning.
This investigation should not be considered
as a mere academic endeavor, but a pivotal,
innovative stride toward the betterment of

organic chemistry education, with beneficial
ramifications for curriculum developers,
educators, and students.

RESEARCH QUESTIONS

1. What challenges do traditional teaching
methods face in teaching organic chemistry
concepts adequately?

2. What advantages do VR and AR offer in
organic chemistry education compared to
traditional methods?

3. Whatimpactdo VR and AR technologies have
on student engagement in organic chemistry
compared to traditional teaching methods?

4. How can VR and AR be tailored to meet
pedagogical and andragogical needs in
organic chemistry education?

5. Why are VR and AR more effective than
traditional methods in enhancing learning in
organic chemistry?

6. What are the best strategies for integrating
VR and AR into the organic chemistry
curricula to enhance learning alongside
traditional methods?

7. How can AR and VR in organic chemistry
education be aligned with Vygotsky’s Zone
of Proximal Development to improve learning
outcomes?

8. How can AR and VR be persondlized in
organic chemistry education to support
individual learning and Piaget’s theory of
self-learning?

9. What are the benefits and challenges of
applying the ‘Ship Early, Ship Often’approach
to developing AR and VR tools in organic
chemistry education?
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LITERATURE REVIEW

INTRODUCTION

Organic chemistry was known as a science
branch that delved into organic compounds’
structure, properties, composition,
reactions, and synthesis of simple and
complex organisms. Two-dimensional
representations have always been the
traditional, primary mode of visualization to
illustrate the intricate concepts and theories
in educational textbook materials. However,
a growing concern arose among educators
and learners, highlighting the limitations of
flat representations in organic chemistry,
especially those offered by mainstream
educational curricula and textbooks that
resultedin misunderstandings of core organic
chemistry concepts and comprehension,and
decreased learning engagement.

The reliance on two-dimensional
representations to illustrate three-
dimensional molecular structures was the
cornerstone of pedagogy and andragogy.
Unfortunately, with the advancement of
technology in the education sector, the
limitations of conventional methods are
increasingly apparent in their capacity to
effectively engage and educate current
and future students. The literature review
was directed toward curriculum developers,
textbook publishers, and the creators of
educational content, who played pivotal roles
in shaping students’ learning experiences in
organic chemistry courses to underlie the
stated issue in the thesis research.

The advancement of educational tools,
notably Virtual Reality (VR) and Augmented
Reality (AR),presented aunique opportunity to
transcend the limitations of two-dimensional
representations in traditional teaching
methods in organic chemistry. Therefore,
the integration of emergent immersive
technologies promised to enhance the
understanding of complex organic chemistry
concepts and innovate the educational
landscape with dynamic and interactive
learning experiences. Consequently,
transitioning from traditional to innovative
methods necessitated a comprehensive
re-evaluation and adaptation of current
educational materials. Therefore, this task
fell squarely on the shoulders of curriculum
developers and textbook publishers to
revamp these current educational materials.

The literature review examined the existing
state of organic chemistry education,
highlighting the inherent challenges of
traditional teaching methods with the
potential of AR and VR technologies to
address these visualization limitations. The
research also aimed to demonstrate the
significant benefits of integrating immersive
technologies into organic  chemistry
curricula by delving into studies and
empirical evidence. Moreover, its objective
would be to guide curriculum developers and
textbook publishers by providing insights
into practical strategies for the adoption and
implementation of immersive technologies
into the existing traditional teaching
methodologies.
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Students, current or prospective as primary
beneficiaries of these transformative
enhancements, would have an increase
in their engagement and comprehension,
which would improve their overall learning
experience. But the onus of initiating this
transformative shift rested in the hands
of curriculum developers and textbook
publishers. Therefore, the literature review
not only advocated for a reimagined
approach to organic chemistry education
but also provided a roadmap concerning
the integration of immersive technologies
into traditional teaching methodologies.
Moreover, it underscored the pivotal role
of these stakeholders in bridging the
gap between two-dimensional and three-
dimensional representations by integrating
traditional teaching methods with modern
technology to improve student engagement
and comprehension.

TRADITIONAL TEACHING METHODS
IN ORGANIC CHEMISTRY

Organic chemistry, a core discipline in
chemistry, had traditionally been taught
through a combination of lectures, textbooks,
and laboratory exercises. These methods,
tried and tested over decades, had produced
numerous chemists and researchers, but
they’d come with challenges regarding student
engagement.

TEXTBOOKS

Textbooks used in organic chemistry,
supplemented lectures. They delved deeper

into topics and offered detailed explanations,
diagrams, and practice problems.While textbooks
had been invaluable resources, they targeted
and catered to some specific styles of learning,
benefitting visual or kinesthetic learners. The
dense and breadth of textual information could
hinder learning and comprehension.

LECTURES

Lectures were always the basic, teaching
mode, introducing students to the intricate
world of the carbon-containing compounds,
their structures, their reactions, and their
applications. Although those structured lectures
conveyed vast amounts of information;
their passiveness in the static nature of two-
dimensional molecular constructions, had
restricted the magnificent, in-depth and
breadth visualization into the dynamic world
of molecules, impeding learning and resulting
in abstract, misconstrued notions.

LABORATORY EXERCISES

Labs provided hands-on experience through
experiments, allowing students to bring the
theoretical concepts of organic chemistry to
life. Learners witnessed chemical reactions,
synthesized compounds and utilized instruments
used in the field. Nonetheless, they had
constraints such as risks associated with
handling chemicals, required meticulous
preparation and could be time-consuming.
Anxiety and pressure to perform could detract
from learning.
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BEYOND FLAT DIAGRAMS

These traditional methods had shaped the
understanding of organic chemistry for
countless students based on their varying
levels of engagement. The prevalence of
linear and often static nature of lectures, and
textbooks would become a source of contention
in the digital age, impeding learning due to
their inability to provide three-dimensional
visualization of organisms’ molecules. Furthermore,
hands-on experiences offered by labs had been
often restricted by the real-world constraints
and scarcity of resources, limiting the scope
of inquiry-based learning, experimentation,
exploration, and creativity. Adding interactive and
immersive teaching tools, like VR and AR into the
traditional methods, bridged the gap related to the
comprehension of complex concepts, increased
intuitive learning experience and improved
students’ engagement.

The scholarly community had
progressively acknowledge
the strengths of immersive
technologies in enhancing
learning experiences across
diverse academic disciplines.

In the context of organic chemistry, various
research articles had delved into the
integration of VR into the learning process.
Consequently, several research articles had
validated the efficacy of VR laboratories in
facilitating meaningful learning experiences in

organic chemistry, emphasizing in its realistic,
immersive experiences (Williams, Gallardo-
Williams and Griffith) (Dunnagan, Dannenber
and Cuales). Given this burgeoning research
landscape, it should be noted that immersive
technologies would eventually reshape organic
chemistry education. Therefore, these innovative
technological techniques would aid in fostering
deeper engagement, enabling students to grasp
challenging concepts more readily.

BRIDGING THE VISUALIZATION
DIVIDE

Consequently, the landscape of educational
methodologies would continue to evolve and
to adapt to technological advancements,
allowing deeper understandings of pedagogy
and andragogy. The advent of immersive
technologies such as Virtual Redlity (VR)
and Augmented Reality (AR), promised to
become a potential, emerging avenue that
could revolutionize the visualization and
comprehension of intricate and complex
concepts in organic chemistry.

A distinct knowledge gap still existed despite
the various research advocating the benefits
of VR and AR in pedagogical and andragogical
contexts. The gap resided in the conventional
two-dimensional illustrations of  organic
chemistry concepts—namely, their lack of
depth and interactivity. These factors led to
possible hindrances in student engagement
and comprehension. Sadly, these gap elements
hadn't been adequately addressed with the
usage of innovative technologies.
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While several studies highlighted the general
advantages of VR and AR in science
education, the specific pedagogical and
andragogical nuances, the strategies, and
the long-term impacts of integrating these
technologies into organic chemistry curricula
remained underexplored. The knowledge
gap lied significantly and particularly in the
unique intricacies of organic chemistry. These
complexities were based on the critical role the
molecular structures and mechanisms played
in understanding their interactions. Therefore, a
pressing issue arose, requiring further inquiries
into whether these immersive technologies
could offer superior in-depth, engagement, and
interactivity in organic chemistry learning in
comparison to the traditional, two-dimensional
representation and visualization offered in
current curricula.

Therefore, comprehensive exploration and
research would still be needed to discern and
to leverage the tangible benefits of immersive
technologies. As the scientific world stood on
the precipice of potentially groundbreaking
instructional methodologies, the road to
the practicality and optimization of their
integration into organic chemistry education
remained uncharted. Once this knowledge
gap had been bridged; educators, scientists,
researchers, and professionals across various
domains would be able to harness the full
potential of these immersive technologies to
enrich the learning experience.

IMMERSIVE TECHNOLOGIES
IN EDUCATION: EVALUATING
STUDENT ENGAGEMENT IN VR
AND AR

Student engagement was always the
cornerstone of effective education. The
deeper students were engrossed in particular
subjects, the better they were in reading
and reviewing their learning materials while
consequently grasping and retaining complex
concepts. Therefore, student engagement
and participation increased with a firm
understanding of the educational subject.
Although traditional teaching methodologies
have had their merits, it would be pertinent
to inquire whether their efficiency levels
in relation to student engagement could
potentially match those offered by cutting-
edge immersive experiences like Virtual
Reality (VR) and Augmented Reality (AR).

The drive towards these immersive technologies
in academic spheres was not without a
reasonable cause. Delving into the explicit
world of organic chemistry, numerous
studies have highlighted the benefits of these
immersive technologies concerning student
engagement. VR was heralded as a tool that
could make exploring chemical principles
in organic teaching laboratories far more
engaging (Ferrell, Campbell and McCarthy). The
tangible interactivity provided by haptic VR
feedback systems, as explored by Springer’s
Human-Computer Interaction journal, served to
augment the organic chemistry instruction,
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making it more immersive, and consequently,
more engaging (Edwards, Bielawski and Prada).
Similarly, the deployment of VR in organic
chemistry instruction, as shown in the IEEE
Xplore's study, displayed encouraging
outcomes in fostering student engagement
(Ramirez).

To illustrate, Virtual Reality games, such as
the ones featured in the VJ2018 proceedings,
developed to teach organic chemistry or
known as the MedChemVR, were designed
to enhance medicinal chemistry education by
employing gamification strategies that were
known to boost student motivation, engagement
and participation (Rodrigues and Prada)
(Abuhammad, Falah and Alfalah). Additionally, as
highlighted in a ProQuest study, the utilization of
VR in a chemistry lab context, aided in fostering
interest and self-concept among students
while alleviating laboratory anxiety, which was
indicative of the broaderwell-being benefits of
these immersive technologies (Gungor, Kool and
Lee).

Even if traditional pedagogies had been
adequate to a degree, the ongoing research
and burgeoning evidence suggested that
VR and AR might offer unprecedented
levels of student engagement. Through
immersive visualization, interactive simulations,
and even gamified educational experiences;
these technologies could redefine how
organic chemistry, among other disciplines,
had been taught and understood. As they
were continually being integrated into the

educational frameworks, it would become
imperative to evaluate and to ascertain
their actual effect on student engagement
rigorously and thoroughly.

PEDAGOGY AND ANDRAGOGY

Delving into the nuances of pedagogical and
andragogical strategies for the integration
of VR and AR in organic chemistry education
presented a complex equation. Pedagogy
would be considered the art and the science of
teaching children while andragogy was defined
as the methodology of teaching adults. The two
components had their distinct characteristics
and needs. To ensure that pedagogical and
andragogical needs were met, required careful
examination of the existing learning tools and
techniques.

For many years, the components forming the
cornerstone of organic chemistry education
were lectures, textbooks, and hands-on
laboratory work. But, with the rise of the digital
revolution, immersive technologies like VR and
AR offered a unique opportunity to elevate the
educational experience. Studies such as “Learning
Organic Chemistry with Virtual Reality” and
“Haptic Virtual Reality and Immersive Learning
for Enhanced Organic Chemistry Instruction”
pointed toward these technologies’ potential
benefits. They offered interactive, tactile, and
visually rich experiences that could make
abstract concepts more tangible.
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The work entitled “Chemical Exploration with
Virtual Reality in Organic Teaching Laboratories”
highlighted how VR could bridge the gap
between theoretical knowledge and practical
application, allowing learners to explore and
to experiment without the constraints of a
traditional lab setting. Moreover, “Investigating
Meaningful Learning in Virtual Reality Organic
Chemistry Laboratories” underscored
the importance of ensuring these virtual
environments align with meaningful learning
objectives.

From an andragogical perspective, adult learners
had often sought relevance and practicality in
their learning experiences. Technologies like VR
and AR could provide this by simulating real-world
scenarios, as seen in “Design of Virtual Reality
System for Organic Chemistry” and “VRChem: A
Virtual Reality Molecular Builder.” By immersing
themselves in these environments, adult learners
could better grasp the utility and application of
organic chemistry concepts in various fields and
industries.

Regrettably, as promising as these advancements
had been, clear guidelines on the integration
of these technologies to cater to the organic
chemistry’s pedagogical and andragogical, were
still in the formative stages. Some studies, such
as “Reorienting Chemistry Education through
Systems Thinking” and “Application of Augmented
Reality Technology in Chemistry Experiment
Teaching,” hinted at the broader strategies still
required to be formulated. Moreover, the roadmap
for a comprehensive integration remained to
be drawn.

While VR and AR had the potential to redefine
organic chemistry education, the core of their
incorporation hinged on understanding and
addressing the varied learning needs of both
younger students and adult learners effectively.
Therefore, educators and technologists must
continue to collaborate to produce a more
engaging, and favorable interactive as well as an
excellent, comprehensive learning experience for
all types of learners.

COMPARISON OF TRADITIONAL
AND IMMERSIVE LEARNING IN
ORGANIC CHEMISTRY

Embracing technological advancements should
be a natural progression for betterment. However,
the educational sector found itself, currently
standing at the juncture where traditional
teaching methods were being pitted against
more innovative, immersive techniques.
Especially when it comes to organic chemistry,
where the abstract nature of molecular
interactions and reactions posed challenges to
comprehension, and the integration of Virtual
Reality (VR) and Augmented Reality (AR) offered
new pedagogical and andragogical avenues. As
several studies had begun probing into this
domain; a robust, head-to-head comparison
between traditional classrooms (hinging on
textbooks and dry-erase boards), and immersive
technological classrooms was crucial to
determine the optimal mode of instruction.

Incorporating VR into organic chemistry
classrooms had shown promising outcomes
in various studies. For instance, the work
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presented in “Learning Organic Chemistry
with Virtual Reality” highlighted how VR could
effectively bridge the gap between theoretical
knowledge and practical application, helping
students visualize complex molecular structures
and their interactions (Ramirez). Similarly,
“Chemical Exploration with Virtual Reality in
Organic Teaching Laboratories” delved into
the potential of VR to transform traditional labs,
offering students a safer and more interactive
environment to conduct chemical explorations
(Ferrell, Campbell and McCarthy).

Furthering the discussion on immersive
learning, the “Design of a Virtual Reality
System for Organic Chemistry” elucidated
the methodologies behind creating a
comprehensive VR system tailored for organic
chemistry, giving insights into how such systems
could enhance the learning experience
(Kounlaxay, Yao and Ha). Another pivotal
study titled “The Use of Virtual Reality in A
Chemistry Lab and Its Impact on Students’ Self-
Efficacy, Interest, Self-Concept, and Laboratory
Anxiety” underscored the psychological
and motivational benefits that VR can bring to
the table, addressing common apprehensions
students could have in traditional lab settings
(Gungor, Kool and Lee).

Additionally, Augmented Readlity (AR) also
presented a compelling case. The study
“Application of Augmented Reality Technology in
Chemistry Experiment Teaching” emphasizes
how AR could redefine experimental chemistry
teaching, fostering a more engaging and

interactive learning environment (Wang and
Chen).

While these individual research articles
provided a foundation, they underscored
the necessity for a more rigorous, direct
comparison between traditional teaching
methods and those incorporating VR and AR
in organic chemistry. This endeavor was not
merely academic; its outcomes could shape
the future of organic chemistry education,
ensuring that students grasped complex
concepts and remained profoundly engaged
and motivated in their educational journey.

INTEGRATION BLUEPRINT FOR VR
AND AR IN ORGANIC CHEMISTRY
CURRICULUM

Educational strategies in the 21st century
had been moving  toward blending
traditional teaching paradigms with advanced
technological solutions. Subsequently, the
blueprint aimed to seamlessly infuse Virtual
Reality (VR) and Augmented Reality (AR) into
organic chemistry curricula, which must be
navigated with care and innovation. Therefore,
one of the primary considerations would be
the curriculum’s structure. Based on the
studies from “Learning Organic Chemistry with
Virtual Reality” and “Chemical Exploration with
Virtual Reality in Organic Teaching Laboratories,”
they illustrated the potential of immersive
technologies to make abstract concepts
more tangible as well as their transformative
capability to reshape traditional laboratories
(Ramirez) (Ferrell, Campbell and McCarthy).
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The integration of immersive technologies could
bolster students’ confidence and mitigate
laboratory anxiety. Thus, VR and AR should not
be considered the end goal. But they must be
integrated into curricula with the intent
to address the unique pedagogical and
andragogical challenges and opportunities.
The study “Application of Augmented Reality
Technology in Chemistry Experiment Teaching”
elucidated that AR could invigorate experimental
chemistry teaching and proffered an engaging,
and interactive pedagogical environment (Wang
and Chen).

VR and AR should not be
considered the end goal.

But they must be integrated
into curricula with the

intent to address the unique
pedagogical and andragogical
challenges and opportunities.

The vast repository of research showcased the
individual merits of VR and AR in organic
chemistry. However, the true challenge lies in
weaving these technologies into the existing
fabric of education in an effective and
harmonious manner. Hence, the main objective
of the blueprint would not be centered on
technological assimilation. But it would add
elements of pedagogical and andragogical
enhancement to ensure the next generation
of scientists, researchers, and professionals
would be trained with the best amalgamation of
tradition and innovation.

INTEGRATION WITH
TRADITIONAL TEACHING
METHODS

While envisaging different methods to
solidify a practical blueprint to integrate VR
and AR into the organic chemistry curriculum,
questions rose as to the most effective approach,
such as whether the curriculum was more
effective in a personalized approach where
students could learn at their own pace
without much assistance from an expert or
was the curriculum more effective integrating
traditional methodology with a highly qualified
instructor integrating immersive technology
inside a high tech classroom.

Therefore, this segment of the literature review,
‘integration with traditional teaching methods,
aimed to explore the potential harmonization
between immersive technologies like Virtual
Redality (VR) and Augmented Reality (AR) and
traditional teaching methods in organic
chemistry education. It sought to evaluate
blended learning approaches leveraging the
strengths of both conventional and cutting-
edge technological educational methods,
ensuring their integration would be seamless
and complementary.

The traditional teaching methodologies
in organic chemistry, such as lectures,
textbooks, and laboratory exercises, had
been fundamental in conveying foundational
knowledge and concepts. These methods
had been effective over the years but present
limitations, primarily in engagement and in-
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depth visualization of molecular structures
and reactions (Ramirez) (Ferrell, Campbell and
McCarthy). Immersive technologies like VR and AR
emerged as powerful allies to overcome these
challenges, providing a dynamic, interactive,
and three-dimensional learning environment
that potentially enhanced student engagement
and comprehension (Kounlaxay, Yoo and Ha)
(Pietik&iinen, Hoimdal&inen and Lehtinen) (Rodrigues
and Prada).

Blended learning approaches advocated
integrating VR and AR technologies with
traditional teaching methods, aiming for a
cohesive and synergistic educational framework.
Such an integrated model sought to preserve
conventional methodologies’ essential aspects
while incorporating immersive technologies’
interactive and engaging aspects (Stull, Barrett
and Hegarty) (Eljack, Alfayez and Suleman). Several
studies underscored the need to ensure that new
technologies were combined harmoniously with
established teaching approaches, thus enabling a
comprehensive and enhanced learning experience
(Wang and Chen) (Bennie, Ranaghan and Deeks).

Therefore, the evaluation of the existing research
revealed a consensus on the potential
of immersive technologies in improving
organic chemistry visualization, engagement,
and understanding. For instance, studies
showed that VR and AR could significantly
improve students’ ability to visualize complex
molecular structures and interactions, improving
their comprehension and retention of organic
chemistry concepts (Ekstrand) (Gomes) (Salvadori,

Fusé and Mancini). Moreover, integrating
these technologies into traditional teaching
promised a richer educational experience.
Students could complement lectures by offering
dynamic visualizations, enhanced textbooks
with interactive content, and augmented
laboratory exercises with safe and immersive
simulations (Williams, Gallardo-Williams and
Griffith) (Dunnagan, Dannenber and Cuales)
(O’Connor,BennieandDeeks).Suchintegration
required thoughtful strategies to ensure that the
technologies aligned with curriculum objectives
and enhanced, rather than overshadow,
traditional teaching methodologies.

Integrating VR and AR technologies into
traditional organic chemistry teaching methods,
should be a blended learning approach that
held promise for a comprehensive, engaging, and
practical educational experience. Continuous
research and evaluation were necessary
to refine integration strategies, maximized the
benefits of both traditional and technological
methods, and optimized their combined impact
on student learning and engagement in organic
chemistry.

Integrating these
technologies into
traditional teaching
promised a richer
educational experience.
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LEVERAGING VYGOTSKY'S
THEORY OF COGNITIVE
DEVELOPMENT IN AR AND VR
FOR ORGANIC CHEMISTRY
EDUCATION

Vygotsky's cognitive development theory, often
encapsulated within the sociocultural framework,
posited that cognitive development was
intricately linked to social and cultural interactions
(Snowman and McCown 49). The Zone of Proximal
Development (ZPD) was central to Vygotsky's
theory, which delineated the realm of tasks that
students could accomplish with guidance from a
more knowledgeable entity, like peers, teachers, or
experts (Snowman and McCown 50).

In organic chemistry education, integrating AR
and VR technologies with conventional teaching
methodologies anchored in Vygotsky's ZPD
concept,amoreenrichedlearning experience.Such
immersive technologies, when navigated under
the mentorship of experts, could scaffold the
learning process, promoting a gradual transition
from guided to independent exploration based on
the learner’s evolving competence.

Traditionally rooted teaching methodologies lay
the groundwork, ensuring the learner’s trajectory
remained anchored to the fundamental principles
of organic chemistry. In juxtaposition, AR and VR
emerged as transformative tools, amplifying the
learner’'s exploratory journey through enriching,
engaging, and interactive content exposures.

CUSTOMIZATION AND
PERSONALIZATION IN AR AND
VR LEARNING EXPERIENCES

After examining the importance of integrating
immersive technology with traditional teaching
methods, it was also imperative to investigate
personalized learning experiences in AR and
VR. When it came to learning, each student was
unique, possessing varying paces and styles of
learning (Snowman and McCown 123). VR and
AR technologies stood out in this aspect as they
catered to these individual needs effectively.

Through VR and AR, educational content could
be designed to adapt to the speed of a learner’s
comprehension, often referred to as the learner’s
pace. For example, students may find some
concepts challenging and complex in learning
organic chemistry, which may take them longer to
grasp. These technologies could adjust the flow of
information based on the learner’s understanding,
allowing a more personalized pace rather than a
one-size-fits-all approach.

VR and AR also accommodated various learning
styles, whether a student was visual, auditory,
or kinesthetic. Customizing the presentation of
educational content to match these styles could
make for effective learning.

Additionally, these technologies could also adapt
the content based on a student’s interest, making
learning more engaging. For example, if a student
was particularly interested in a specific area of
organic chemistry and needed additional

22 Organic Chemistry in Virtual Reality

support to gain a better understanding of chirality.
In that case, the VR and AR tools could provide a
more in-depth three-dimensional perspective to
enrich content in that particular area.

In that case, the VR and
AR tools could provide

a more in-depth three-
dimensional perspective to
enrich content

Furthermore, the advantage of having a
personalized and customized learning
experience would be to have access to the
virtual curriculum 24/7. Therefore, students
could access the material at their convenience,
at their pace, suited to their learning style, and
gained access to adaptable content based on a
student’s interests. But the disadvantage was
that the student may or may not have access
to an instructor with subject area expertise to
clarify concepts right away when needed.

PIAGET’'S THEORY OF
COGNITIVE DEVELOPMENT
AND SELF-LEARNING IN AR
AND VR ORGANIC CHEMISTRY
EDUCATION

Building upon the foundations of
customization and personalization in AR and
VR learning experiences, Piaget’s theory of
cognitive development, particularly the self-
learning concept, could be seamlessly integrated

to enhance educational methodologies in
organic chemistry further. Piaget emphasized
the role of self-initiated discoveries in the learning
process, where learners actively engaged with
their environment to construct new knowledge,
facilitating intellectual development (Snowman
and McCown 36).

Incorporating Piaget’'s concept of self-
learning, AR and VR technologies could be
utilized to craft immersive, interactive learning
environments that encouraged students
to explore, manipulate, and experiment
within virtual organic chemistry spaces.
These technologies could enable learners
to independently interact with molecular
structures, engage in virtual laboratory
experiments, and explore complex chemistry
concepts at their own pace, fostering a deeper
understanding and intrinsic motivation to
learn (Edwards, Bielawski and Pradal).

For instance, the application of AR and VR could
facilitate experiential learning scenarios where
students were empowered to take ownership of
their learning journey, aligning with Piaget’s
focus on the active role of learners in mastering
new concepts. These digital platforms could
adapt to offer progressively challenging tasks,
promoting cognitive development through stages
of assimilation and accommodation,and
ultimately leading toward intellectual autonomy
(Stull, Barrett and Hegarty).

Therefore, the reference to research articles
elucidated the success of these immersive
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technologies in supporting self-guided learning
experiences. Studies indicated enhanced
retention, comprehension, and motivation
among students who engaged with VR and
AR in educational settings, demonstrating the
practical efficacy of these tools in promoting
self-learning (Gungor, Kool and Lee).

Piaget's self-learning concept with AR and
VR technologies presented a transformative
opportunity to foster a student-centered,
explorative, and adaptive learning environment
in organic chemistry education. Through this
synergy, learners were empowered to actively
engage with, discover, and master the
intricacies of organic chemistry in a personally
meaningful and intellectually stimulating

manner.

However, it would be essential to maintain
a balanced approach to maximize the benefits
of Piaget’s self-learning concept in AR and VR
environments. Ensuring that students had timely
access to expert guidance and support
was crucial to navigating complexities
and challenges that may arise during self-
exploration, preventing misconceptions, and
facilitating accurate knowledge construction
(Williams, Gallardo-Williams and Griffith).

Piaget’'s self-learning
concept with AR and VR
technologies presented
a transformative
opportunity

"SHIP EARLY, SHIP OFTEN’

- EARLY DEPLOYMENT AND
ITERATIVE REFINEMENT
THROUGH FEEDBACK LOOPS

With the ongoing innovation of organic
chemistry education through Augmented
Reality (AR) and Virtual Reality (VR) technologies,
a pivotal consideration was the utilization of
feedback loops for continuous improvement.
Adopting a proactive and responsive
development approach was crucial. ‘Ship Early,
Ship Often’ was also known as the “time-based
releases” or the “release early, release often”
software development philosophy (Meyer).
The philosophy emphasized the importance
of early and frequent releases in creating a
tight feedback loop between developers and
testers or users. The strategy was utilized by
establishing a community via a minimally viable
product built on simplicity (Meyer). It resonated
deeply with AR and VR in Organic Chemistry
Education, encouraging the swift release of
educational tools and content to garner user
feedback and facilitated iterative refinement.
‘Ship Early, Ship Often’ fostered an environment
where educational tools were consistently
evaluated, refined, and enhanced based on user
experiences and needs.

Consequently, launching AR and VR educational
tools early in their development phases
allowed real-time user interaction, encouraging
students and educators to engage with the
content and provide immediate feedback. This
on-the-go evaluation was pivotal in identifying
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areas that necessitated improvement,
ensuring that the tools remained aligned with
educational objectives and user expectations.
Such a strategy facilitated a dynamic and
responsive development process, where tools
were continually optimized to meet the evolving
demands of organic chemistry education
through student pacing, learning styles, and
adaptable content.

AR and VR tools, infused with a philosophy of
continuous improvement, could profoundly
impact formative assessment strategies.
These technologies could be fine-tuned to
provide instantaneous feedback, allowing
students to promptly identify areas of
strength and weakness, thus facilitating
targeted learning and improvement. The
iterative refinement of these tools, driven by
continuous feedback, ensured they remained
pedagogically and andragogically robust and
aligned to enhance students’ comprehension
and engagement in organic chemistry.

Embracing the “ship early, ship often”
concept in conjunction with feedback loops
created a virtuous cycle of enhancement and
refinement in developing and implementing
AR and VR tools in organic chemistry
education. This approach ensured that the
tools were not static but evolved based on
user feedback and educational necessities,
maintaining relevance, effectiveness, and
a strong alignment with pedagogical and
andragogical objectives as well as student
learning outcomes.

In this way, integrating the philosophy of ‘Ship
Early, Ship Often’ catalyzed the creation of AR
and VR tools that were not only technologically
advanced but also pedagogically and
andragogically sound and responsive to the
dynamic landscape of organic chemistry
education.

Launching AR and VR
educational tools early in
their development phases
allowed real-time user
interaction, encouraging
students and educators to
engage with the content and
provide immediate feedback.

This on-the-go evaluation
was pivotal in identifying
areas that necessitated
improvement, ensuring that
the tools remained aligned
with educational objectives
and user expectations.
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CASE STUDIES
AND |
VISUAL ANALYSIS




CASE STUDIES

A case study is a detailed and in-depth
examination of a particular instance or event
within a broader topic. It allows researchers
to dive deep into the specific aspects of that
instance, often combining qualitative and
quantitative methods, to derive insights that
might not emerge in broad-scale studies.

Case studies were invaluable in the context
of the research problem, which seeks to
understand the impact of VR on organic
chemistry education across varied academic
levels. They provided insights into VR’s real-
world application, benefits, challenges,
and outcomes within specific educational
settings. For example, case studies helped
assess how high school students’ self-efficacy
was influenced by VR or how undergraduate
students’ comprehension and retention rates
improved post-VR intervention. In a graduate
setting, case studies might highlight the utility
of VR in advanced research scenarios and its
role in fostering collaborative research efforts.

The details and understanding of the case
studies come from analyzing the case studies
through the following prompts:

1. Define who initiated and is responsible for
the project.

Identify the motivation of the project.
Summarize the project.

Identify challenges they faced.

Project outcome.

o ok 0D

Identify and connect relevant elements
back to research problem.
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VISUAL ANALYSIS

Content and visual analysis are methods of
analyzing information, particularly in research,
media, communication, and artwork. Visual
analysis focuses on analyzing visual content
within artworks, photographs, videos, or any
form of visual media, seeking to interpret and
understand the visual and symbolic elements
of the image or artwork.

The visual analysis within the context of this
research seeks to conduct a visual analysis
of the three images to solve the research
problem of two-dimensional representation
of three-dimensional structures in organic
chemistry. The visual analysis seeks to study
existing content, software, and applications
to develop a prototype for integrating an
interactive and engaging curriculum derived
from current existing designs. The visual
analysis seeks to improve and enhance
existing designs and applications.

The following questions will be used:

N

© © N o

11.

What does the selection depict?

Who is the audience?

How do people consume the visual solution?
How is this project embedded in a wider
cultural context?

What is the interrelation between the image,
the form, or object, and the accompanying
text?

Compositional Interpretation

Content Analysis

Semiotics

Iconography

. What aesthetic choices led to the success

or failure of the visual solution.
How do the aesthetic choices relate/
connect back to your identified problem?
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CASE STUDY 1:

INVESTIGATING MEANINGFUL
LEARNING IN VIRTUAL
REALITY ORGANIC CHEMISTRY
LABORATORIES

Define who initiated and is responsible for the
project

“Investigating Meaningful Learning in Virtual
Reality Organic Chemistry Laboratories”
was created in partnership between the
Department of Chemistry, North Carolina
State University, and Distance Education and
Learning Technology Applications (DELTA).
The VR Organic Chemistry Laboratories
are managed and supervised by Dr. Maria
Gallardo-Williams. This research case study
is undertaken by Nicholas D. Williams, Maria
T. Gallardo-Williams, Emily H. Griffith, and
Stacey Lowery Bretz, delving into using VR
for meaningful learning in organic chemistry
laboratories.

The immersive nature and enhanced
visualization of Virtual Redlity (VR) have
prompted educational researchers to
explore its potential to enhance the learning
experience. For example, researchers in
this case study have mentioned that “In a
VR environment, it is possible to produce
very realistic and engaging simulations that
convey a sense of spatial awareness beyond
the capabilities of traditional video. Many VR
applications have been developed in diverse
educational fields, from computer science to

biotechnology. In general, these applications
are simulations or gamified environments
such as Labster (Williams, Gallardo-Williams
and Griffith).”

lldentify the motivation of the project

The motivations behind the research project
were twofold: to utilize VR as a means of
accessible education and to measure
meaningful learning outcomes within this
digital framework. NC State developed the
software using VR as an accessibility tool
for students who could not attend in-person
laboratories due to disabilities and attendance
challenges, including but not Ilimited to
pregnancy, military deployment, or safety
concerns before the COVID-19 pandemic.

A second motivation for the research is to
measure meaningful learning outcomes.
Meaningfullearning, as defined by educational
theorists Ausubel and Novak, involves
connecting new knowledge with what is
already known through cognitive, affective,and
psychomotor engagement, surpassing rote
memorization. Meaningful learning requires
that students actively engage in experiences
of knowing (cognitive), feeling (affective), and
doing (psychomotor) rather than memorizing
procedures, definitions, and facts that can
be learned by rote and repeated verbatim on
assessments (Williams, Gallardo-Williams and
Griffith).

A Meaningful Learning in the Laboratory
Instrument (MLLI) was used to measure
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both the cognitive and affective dimensions
of students’ learning, consisting of 30 statements
(plus a reading check item), and their
expectations for learning before the VR lab
course started and their experiences after they
had finished the VR lab course.

Summarize the Project

The deployment of VR laboratories at North
Carolina State University was developed
before the COVID-19 pandemic as an
accessibility tool, initially to assist students
unable to participate in in-person labs. The
VR lab for Organic Chemistry was through the
one-credit semester-long course offered in
the fall, spring, and summer under the course
name “CH222 - Organic Chemistry Laboratory
1" As the COVID-19 pandemic emerged, the
importance of the VR labs was amplified,
serving as a necessary alternative for hands-
on laboratory education.

The research utilized Meaningful Learning in
the Laboratory Instrument (MLLI) to measure
students’ learning experiences before and
after their engagement with the VR course.

Identify the challenges they faced

There were two challenges they faced in their
study. The first was an indirect challenge at
odds with department administrators as the
research states:

“Enrollment in the VR laboratories, however,
was heavily restricted due to concerns by
department administrators that a large number

of students might choose this way of learning
over face-to-face lab. This concern stemmed
from the perception that a traditional lab was
a far superior educational experience, despite
a lack of evidence to uphold this point of view.”

Lack of administrative support in an
academic research project, especially one
that seeks to innovate and potentially transform
traditional teaching methodologies, presents
a multifaceted challenge that can impact
the study’s scope and execution. It would
explain why only the one-hour laboratory
integrated VR visual solutions as opposed
to integrating a complete course curriculum
with the three-hour lecture course which
raises questions about the holistic approach
to VR implementation in organic chemistry
education.

A challenge that directly correlated in the
study was the observable decline in student
expectations post-VR experience, signaling
a potential disconnect between anticipated
learning outcomes and the utility of VR labs.

Project Outcome

The research study concludes that the data
presented herein suggests that the students
who completed VR laboratories in this way
at North Carolina State University had a
meaningful learning experience and were
satisfied with the course.

The positive impact of VR at the Undergraduate
Level provides a meaningful case study to
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conduct a visual analysis of their VR user
experience to learn from and enhance the
visual graphical solution for students. conduct
avisual analysis of their VR user experience to
learn from and enhance the visual graphical
solution for students.

Identify and connect relevant elements
back to research problem.

Complete Asynchronous Learning (or Self-
Learning):

In my literature summary review, | mentioned
two cognitive development educational theories
by educational psychologist Vygotsky and Piaget.

Piaget's theory of cognitive development,
particularly the self-learning concept,
can be seamlessly integrated to enhance
educational methodologies in organic chemistry
further. Piaget emphasized the role of self-
initiated discoveries in the learning process,
where learners actively engage with their
environment to construct new knowledge,
facilitating intellectual development (Snowman
and McCown 36).

The study, “Investigating Meaningful Learning in
Virtual Reality Organic Chemistry Laboratories,”
incorporates Piaget’s concept of self-learning,
where VR technologies can be utilized to craft
immersive, interactive learning environments
that encourage students to explore, manipulate,
and experiment within virtual organic chemistry
spaces. VR enabled learners to independently
interact with molecular structures, engage in

virtual laboratory experiments, and analyze
complex chemistry concepts at their own
pace, fostering a deeper understanding and
intrinsic motivation to learn.

However, using Piaget’s theory of cognitive
development has its limitations regarding
self-learning. It is essential to maintain a
balanced approach to maximize the benefits
of Piaget’s self-learning concept in AR and
VR environments. Ensuring that students
have timely access to expert guidance and
support is crucial to navigating complexities
and challenges that may arise during self-
exploration, preventing misconceptions, and
facilitating accurate knowledge construction.
However, students were provided with all the
course materials via the course management
system and could meet with a TA using Zoom
once a week. Progress monitoring of student
engagement and comprehension may have
been inefficient; students were not required to
meet with their assigned TA despite multiple
TAs being available so that students could
have help available.

The Data Analysis provides good insight into
the study, providing information regarding
race/ethnicity and descriptive statistics for
pretest and post-test administrations using
composite percentage scores for MLLI items.
The statistic set was a total of 92 students.
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Instructional Methodology and Approach

The course description mentions that the VR
integrated was offered to students for CH222
(Organic Chemistry Laboratory 1) and CH224
(Organic Chemistry Laboratory 2), a one-
credit, semester-long course.

This information is essential for driving my
visual solution because a one-hour credit,
semester-long course, compared to the actual
three-hour lecture course, is entirely different.
Although the lab should connect with the
three-hour course, the research needs to
indicate it does. A lab or one-hour credit course
differs from a three-hour lecture course. The
three-hour course is where students learn
the bulk of organic chemistry concepts. The
one-hour lab requires students to master a
conceptual understanding of key concepts
before stepping into the virtual or even a
physical lab.
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VISUAL ANALYSIS 1

CONNECTED TO CASE STUDY 1:

INVESTIGATING MEANINGFUL LEARNING IN VIRTUAL
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VISUAL ANALYSIS 1:

CONNECTED TO CASE STUDY 1:

INVESTIGATING MEANINGFUL
LEARNING IN VIRTUAL
REALITY ORGANIC CHEMISTRY
LABORATORIES

https://sites.google.com/ncsu.edu/
ncstatevrorganicchemistrylabs/home

What does the selection depict?

The visual analysis for the selection depicts
research by Nicholas D. Williams and his
colleagues exploring the implementation of
VR laboratories for organic chemistry courses
at North Carolina State University. The visual
analysis consists of multiple lab sessions
within the selected medium.

Who is the Audience?

The VR lab at NC State’s primary and direct
audience is those studying organic chemistry
at the undergraduate level who seek to
understand complex molecular structures

and reactions in a laboratory environment.

Indirectly, researchers in education technology
can use this study for valuable data to extract
the efficacy of VR in education, particularly in
the sciences. Also, universities and colleges
can leverage these findings to improve their
science curriculums and provide alternative
learning solutions for students who cannot
attend traditional labs. Lastly, curriculum
developers creating educational content and

learning experiences can utilize the research
to develop more effective and engaging
VR-based learning tools to develop further
and fine-tune for integration into traditional
organic chemistry curricula.

How do people consume the visual solution?
Users, typically students, interact with the
VR environment through a VR headset and
possibly additional controllers that allow them
to manipulate virtual objects and perform
experiments. The VR system provides real-time
responses to users’ actions, enhancing the
learning experience through visual changes in
the environment with haptic feedback. While
the system promotes self-learning, it also offers
guided tutorials and experiments, which can be
consumed as step-by-step instructions within
the VR space. Students can access the VR
labs remotely, which means the visual solution
is consumed in various locations, not just in
physical lab spaces. The software can run on VR
headsets, mobile devices, desktops, tablets, and
laptops.

Cultural Context and Interrelation

The analysis of visual data aligns with a broader
trend toward the digitalization of education,
indicating that virtual reality (VR) laboratories
are not just isolated gadgets but essential
elements of a dynamic interactive curriculum.

Given that mastery in Organic Chemistry
depends significantly on the comprehension
of spatial configurations and abstract ideas,
the immersive nature of VR has the power to
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revolutionize education by facilitating interaction
with molecular structures. VR serves as a
conduit between theoretical concepts and
their practical applications. This initiative
situates itself at the crossroads of technological
progress. It acknowledges VR's capacity as a
tool to foster inclusive learning opportunities
for individuals with disabilities, those facing
physical attendance challenges, or those who
prefer to learn at their own pace with expert
guidance.

What is the interrelation between the image,
the form, or object, and the accompanying
text?

Five lab sessions all begin the same way by
presenting a lecturer in a virtual classroom,
putting on virtual goggles, which then
transport the user to the middle of the lab
with each lecturer standing beside a digital
whiteboard displaying complex molecular
structures and procedures, indicative of the
rich content offered in an organic chemistry
curriculum. The text beside the images is
clear and legible, providing crucial information
that aligns with the visuals, reinforcing the
learning experience. In the first lab session,
compounds with high polarity are identified,
while the second session outlines the liquid-
liquid extraction process. This complementary
relationship between visual and textual
elements facilitates a deeper understanding
of complex concepts by engaging multiple
senses through immersion.

Compositional Interpretation

Virtual environments for each of the five lab
sessions show a virtual organic chemistry
laboratory environment with a professional, all
wearinglabcoatswithgoggles.Eachinstructor
standing nexttothewhiteboard providesvisual
organizers to represent chemical compounds
and processes visually, as seenin the detailed
structural diagrams and molecular models.
There is a strong focus on color coding and
labeling to facilitate understanding, which
aligns with the cognitive aspect of meaningful
learning by helping students connect complex
concepts.The presence of virtual educatorsin
lab coats adds a human element to the virtual
experience, providing a sense of guidance
and authority.

Content Analysis

Content analysis within the visual analysis will
be provided in two lab sessions. As mentioned
in the compositional interpretation, the five
lab sessions contain a professional wearing a
lab coat with goggles. Within the middle of the
screen is the content that users, particularly
students, can interact with. The visuals
presented in the lab sessions are indicative of
the type of content that students mightengage
with in a VR organic chemistry laboratory.
One of the lab sessions shows an interactive
screen where students are prompted to
“Select all compounds with a high polarity,”
followed by various molecular structures. The
screen offers a direct engagement with the
subject matter, allowing students to apply
their knowledge actively. Another lab session
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Another lab session presents a process
diagram for liquid-liquid extraction, focusing
on the manipulation of acetylsalicylic acid, a
common compound better known as aspirin.
The diagrams are clear, with visual cues
that guide the student through the chemical
process. Although the chemical models are still
within a two-dimensional representation, this
type of interactive content is representative
of the cognitive engagement that VR can
facilitate.

Semiotics

Semioticsis the study of signs and symbols as
elements of communicative behavior. In the
context of NC State’s VR organic chemistry
labs, semiotics plays an essential role. For
example, in the first lab session, the end of the
lesson provides highlights of various organic
compounds, their structures, and polarities,
while the other lab session explains the concept
of liquid-liquid extraction with acetylsalicylic
acid. The use of symbolic representations of
molecules, colored highlights for functional
groups, and icons representing processes like
the addition of hydrochloric acid signify adeliberate
attempt to bridge the gap between abstract
concepts and comprehensible visuals. These
representations become the language through
which students interact with complex material.
However, the representations provided are still
two-dimensional representations of three-
dimensional molecules.

Iconography

Ilconography is related to the images and
symbols used within a particular work or
movement. In the VR organic chemistry lab,
the iconography includes two-dimensional
molecular structures, chemical symbols, and
interactive instructional cues such as continue
or play. These icons are chosen carefully to
facilitate recognition and understanding. By
emphasizing certain parts of the molecules
or processes, the visuals cue the student
into what is essential, aiding in retention and
learning.

What aesthetic choices led to the success
of the visual solution.

The VR experience in organic chemistry
laboratories, as presented in the case study,
possesses aesthetic choices that contribute
significantly toits success.Thevisualelements
of VR, which include molecular models and
simulated lab environments, provide a context
that mimics the physical lab space. The
interactive nature of VR also allows for an
affective connection, as students feel a sense
of presence within the laboratory, engaging
them beyond the static pages of textbooks.

Moreover, the visual solutions are heightened
by the attention to detail, such as the realistic,
accurate representation of lab equipment
and the molecular structures’ geometrical
accuracy. These elements resonate with the
theoretical solution of enhancing educational
methodologies through self-learning, as
Piaget advocates. Allowing students to
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utilize the interactive elements supports self-
initiated discoveries and active learning, which
is crucial for meaningful learning.

What aesthetic choices led to the failure of
the visual solution.

The failure of the visual solution hinges on its
inability to fully engage students with complex
three-dimensional concepts through interactive
and tactile means. The educational content
was likely intended to enhance the learning
experiencebyvisualizingmolecular structures;
however, the limitations to play, pause, and
rewind functionality suggest a static learning
environment that needs to be revised to exploit
the potential benefits of interactive learning.

In the context of chemistry education, the
visualization of molecules is not merely a
matter of seeing shapes on a screen; it is about
understanding the spatial relationships and
dynamic interactions between atoms within a
molecule. These are inherently three-dimensional
considerations, poorly served by flat, two-
dimensional renderings that offer no depth
cues or opportunities for manipulation.

Furthermore, the absence of three-dimensional
visualization with haptic features represents
a significant missed opportunity. Haptic
technology, which provides tactile feedback
to the user, could significantly enhance the
learning experience by allowing students to ‘feel
the molecules and engage with them in a way
that mirrors real-world lab experiences. This
tactile interaction could foster a more intuitive

understanding of molecular structures and
bonds.

By restricting interactions to playing, pausing, and
rewinding the visual content, the educational
tool fails to allow for the exploration and
manipulation that can lead to deeper cognitive
processing. Such limited interactivity does not
support the active learning strategies that are
known to be effective in STEM education.
Students cannot interrogate the model, test
hypotheses, or see the immediate effects of
changes in molecular structure, which are
critical aspects of learning in chemistry.

Moreover, the absence of more sophisticated
interactivity likely impacts student engagement.
With the ability to interact with the content
meaningfully, students may become active
recipients of information rather than active
learners. This passivity can lead to lower
retention rates and a lack of motivation to
delve deeper into the subject matter.

Using only play, pause, and rewind functions also
suggests a linear approach to learning that
doesnotaccommodatediverselearning styles
or the need for students to revisit complex
concepts at their own pace. Learning is rarely a
linear journey, especially in subjects as complex
as chemistry, and educational tools should
reflect the non-linear nature of the learning
process by allowing students to manipulate and
interact with the subject matter in various

ways.
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How do aesthetic choices relate/connect
back to the research problem or theoretical
solution?

By simulating a real-world lab environment, the
aesthetic choice to use AR in a VR context
provides a sense of immersion that two-
dimensional representations lack. This depth is
crucial in organic chemistry, where the spatial
arrangement of atoms can drastically alter the
properties of a molecule. This immersive
experience can lead to better engagement
and understanding.

Traditional two-dimensional materials do not
support interactive learning. AR technology within
a VR headset inherently requires and encourages
interactivity—students can manipulate molecular
models in a three-dimensional space and align
with the theoretical solution by replacing
passive observation with active exploration, a
method shown to improve learning outcomes.

Aesthetics that mirrors a laboratory setting may
help students make connections between the
abstract concepts they learn and their practical
applications. By situating learning within a context
that students recognize as being professional and
relevant, the educational materials may increase
the perceived value and interest in the subject
matter. My theoretical solution will be a Mixed
Reality environment using both Augmented and
Virtual Reality to aid student learning outcomes.

The enhanced visual cues provided by AR
can assist in better illustrating concepts like
molecular geometry and intermolecular forces.

When students can see and manipulate these
structures in a way that feels tangible, the
aesthetics serve not just to engage but also to
illuminate the underpinning theories of organic
chemistry.

Lastly, a well-structured website that integrates
this AR, VR, and Mixed Reality experience can
manage the complexity by allowing students to
navigate through different levels of information at
their own pace. It can offer layers of interactivity—
from simple molecule rotation to more complex
reactions—thus enabling a tiered approach to
learning.
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CASE STUDY 2:

VIRTUAL REALITY GAME TO
TEACH ORGANIC CHEMISTRY

Define who initiated and is responsible for the
project

“Virtual Reality Game to teach Organic Chemistry”
was created and developed by Iris Rodrigues and
Rui Prada.

lidentify the motivation of the project

The primary motivation behind this project was to
address the challenge posed by traditional two-
dimensional educational materials in organic
chemistry.Rodrigues and Prada aimed to create a
VR game to improve and complement traditional
teaching methods, offering a more interactive
and engaging way for students to grasp complex
organic chemistry concepts. The concept is not
to substitute the traditional classroom learning
process but to use the game to extend the existing
learning methods integrated into the traditional
organic chemistry curriculum.

Summarize the Project

The project involved developing and evaluating a
Virtual Reality game that extends to conventional
classroom learning. This game was not intended
to replace traditional teaching methods but
to augment them, providing a platform where
students could interactively engage with organic
chemistry concepts. The VR game was designed
assuming that students already have some
foundational knowledge of organic chemistry, as
it does not cover the basics from scratch.

The objective of the educational game was
developed to provide basic knowledge that
a high school student should acquire about
organic chemistry, such as information about the
organic molecules, their nomenclature, structural
drawings, 3D structure, class, and formula,
fundamental groups, isomerism, organic bases
and acids, and reaction mechanism.

There are four different types of challenges that
the player is faced with, which are:

LEVEL 1(Know the nomenclature of molecules)
CHALLENGE 1- Build a CH4 molecule.
CHALLENGE 2-Whatis the name of the molecule?
(2,2-dimethylbuthane)

LEVEL 2 (Correlate conventional drawings of
molecular structures with their 3D structure)
Challenge 1- Complete the molecule knowing its
structure. (2,2-dimethylbutahne)

Challenge 2 - Build the molecule from the structure.
(CH3COOH)

LEVEL 3 (Recognize the functional group a
molecule belongs to and know the names of
functional groups)

Challenge 1 - Transform the molecule into a
haloalkane.

Challenge 2 - Complete the molecule knowing it is
an alcohol.

LEVEL 4 (Correlate molecular structure with the
nomenclature)

Challenge 1 - Transform the molecule into a
3-methylpentane.

Challenge 2 - What molecule is this? (Ethylene)
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Identify the challenges they faced
There were several challenges presented:

The first challenge is content complexity,
noting in the research that subjects and users
already needed an existing deep subject matter
understanding.

Level 1in the Virtual Reality (VR) game for teaching
Organic Chemistry students must possess existing
knowledge to complete the challenge of identifying
the chemical nomenclature of molecules.

Delving into nomenclature requires that students
have a solid grasp of general chemistry
principles, which includes understanding atoms,
molecules, elements, and compounds and the
periodic table. Knowledge of ionic and covalent
bonding, an understanding of molecular
geometry, and how electron sharing
works in different types of chemical bonds
is essential. Recognizing and understanding
the common functional groups (like alcohols,
ethers, aldehydes, ketones, carboxylic acids,
amines, etc.). An understanding of isomerism,
particularly stereoisomerism (enantiomers
and diastereomers). Lastly, being familiar with
the International Union of Pure and Applied
Chemistry (IUPAC) nomenclature rules is
essential.

The second issue is the time students spend
on exercises, as observed by their teacher.
Building molecules virtually, akin to using a ball-
and-stick model, detracts from swift concept
comprehension. A more efficient approach would

be direct and concise: provide an automatic
molecule constructor instead of a game-like
molecule-building activity. This interactive tool
should instantly generate molecules, supplying
essential details such as bonding types (ionic
or covalent), functional groups, stereochemistry,
as well as how to visualize the molecule in the
traditional two-dimensional Lewis structures.
Additionally, it should allow for three-
dimensional visualization and molecular
geometry. All these features could be integrated
into a non-linear, interactive virtual software
where users can engage and interact with the
learning content.

Project Outcome.

The project involved testing a game designed
to teach Organic Chemistry concepts. The test
group consisted of 25 students: 8 high school
students (16-18 years old, recently studied
Organic Chemistry) and 17 college students
(18-26 years old, not recently engaged with the
subject). College students were provided with
a printed sheet for references since they had
not been in contact with any aspect of Organic
Chemistry for several years, so they only
remembered some of the subjects that were
approached in the game.

The game's effectiveness was evaluated
based on ease of use, enjoyment, and
accuracy of content. Adjustability of difficulty
levels by teachers was also a consideration.
The evaluation used a logging technique to
track user performance in challenges and a
questionnaire based on the Game Experience
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Questionnaire (GEQ) and VR  Sickness
Questionnaire, with additional specific
guestions.

Results indicated that high school students
performed better, likely due to their recent
exposure to the subject. The game was
adequate, with users generally finding it
enjoyable and educational. However, some
implementation issues led to more moves
and attempts than expected. Despite this,
the game was positively received, with high
immersion, skill perception, and game flow
scores. The challenges, while not highly
scored, were deemed appropriate given the
users’ knowledge level.

In the post-game analysis, users reported a
positive experience with minimal negative
aspects or tiredness. The VR Sickness section
showed negligible discomfort. VR sickness
assessed two components, which were
nausea and oculo-motor. The results of both
components show that the users felt almost
no discomfort after they finished the test.

High school students particularly enjoyed the
game, with half of all users stating it made
learning more fun compared to traditional
learning methods with lectures and textbooks.
Overall, the game successfully made Organic
Chemistry engaging and accessible, though
some technical improvements could enhance
its effectiveness.

Identify and connect relevant elements
back to research problem.

High Fidelity Wireframe Prototype

My proposed theoretical solution involves
developing a high-fidelity wireframe prototype
for VR and AR applications in organic chemistry
education, similar to the model of the “Interactive
Cardiovascular System Digital Prototype” |
developed in the digital imaging course. There
are several vital components | can take away
from this research that will complement the
ideation and conceptualization phase of the
high-fidelity wireframe prototype.

Content Complexity

In this case study, the developed VR game
required students to understand general
chemistry principles deeply. The high-fidelity
wireframe prototype can be designed to cater
to beginners, starting from basic concepts and
gradually advancing to complex topics, along
with progress monitoring students’ learning
and comprehension through each lesson of the
interactive curriculum.

Time Efficiency in Learning

Observations from the case study indicate that
building molecules in VR can be time-consuming.
The prototype will feature an automatic molecule
constructor to address this, providing a more
efficient and direct learning experience. This
tool will cover aspects like bonding types,
functional groups, stereochemistry, and two-
dimensional and three-dimensional visualization.
The prototype will also have a feature where
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students can customize and build molecules if
they would like. This custom chemical building
feature can prepare students for the reaction’s
component of the curriculum. The custom
chemical building can have a database of
saved molecules using IUPAC nomenclature.

VR sickness

The VR Sickness section showed negligible
discomfort. VR sickness assessed two
components, which were nausea and oculo-
motor. The results of both components show
that the users felt almost no discomfort after
they finished the test.
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VISUAL ANALYSIS 2:

CONNECTED TO CASE STUDY 2:

VIRTUAL REALITY GAME TO
TEACH ORGANIC CHEMISTRY

https://www.youtube.com/watch?v=4wdTYYRPyVc

What does the selection depict?

The visual analysis for the selection depicts the
VR software developed by Iris Rodrigues and Rui
Prada.The game proves that VR can be integrated
into traditional curricula and complement
traditional teaching methods with emerging
technologies.

Who is the Audience?

The VR environment has a simplistic, educational
setup with elements such as molecule models
and a chalkboard containing instructions and
information. The virtual environment is likely
designed to simulate a laboratory or classroom
setting,providingafamiliarcontextforthelearners.
The audience for this visual solution is high school
students with some foundational knowledge of
organic chemistry and undergraduate college
students who have not been in contact with any
aspect of Organic Chemistry for several years.

Indirectly, researchers in education technology
can use this study for valuable data to extract
the efficacy of VR in education, particularly in
the sciences. Also, universities and colleges
can leverage these findings to improve their
science curriculums and provide alternative
learning solutions for students who cannot

attend traditional labs. Lastly, curriculum
developers creating educational content and
learning experiences can utilize the research to
develop more effective and engaging VR-based
learning tools to develop further and fine-tune
for integration into traditional organic chemistry
curricula.

How do people consume the visual solution?
Consumption of the visual solution, namely
the Virtual Readlity game designed to teach
Organic Chemistry, involves the interaction of
students with a three-dimensional educational
environment. This consumption is multifaceted
and involves several layers of engagement and
learning:

Immersive Learning Experience: Unlike traditional
learning methods that rely on textbooks and
two-dimensional diagrams, VR provides an
immersive experience. Students don the VR
headset and enter a virtual lab or classroom
where they can interact with their surroundings.
This immersive experience promotes deeper
cognitive engagement by simulating a real-world
environment.

Interactive Engagement: Students actively
participate in learning by manipulating three-
dimensional molecular models. They can pull
apart and reassemble molecules, rotate them to
view different angles, and see the consequences
of their actions in real time. This interactivity is at
the core of the VR experience, moving students
from passive receivers of information to active
learners.
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Visual and Spatial Learning: The VR game caters
to visual-spatial learners who can understand
and remember information better when
presented visually. In organic chemistry,
understanding the spatial arrangement of
atoms within a molecule is crucial, and VR allows
for this kind of visualizationin a way that textbooks

cannot.

Self-paced Learning: VR environments often
allow students to learn at their own pace.
They can spend as much time as they need to
explore and understand each concept without
the pressure of keeping up with a class or
instructor. This self-directed approach can be
particularly beneficial for complex subjects like
organic chemistry.

Cultural Context and Interrelation

Embedded in a broader cultural context where
there is a shift in educational methodologies
towards more immersive and interactive
learning experiences, reflecting the increasing
recognition of the need for educational tools
that can cater to different learning styles and
the potential of technology to provide these
experiences. VR in education also aligns with
current trends in digital literacy and technology
integration in the classroom.

What is the interrelation between the image,
the form, or object, and the accompanying
text?

The software depicts a VR environment geared
toward teaching organic chemistry. The visual
language used has a consistent theme:

molecular models, instructional text, and
interactive elements are combined to facilitate

an engaging learning experience.

Image and Object: Molecular models (ball-
and-stick representations) are central to the
images, signifying the subject matter's core—
molecular structure in organic chemistry. Their
three-dimensional form contrasts with the two-
dimensional educational materials typically
used in teaching these concepts.

Image and Text: Text on the chalkboard provides
context and instructions, guiding the user on
how to interact with the molecular models. This
text-image integration is crucial, as it directs the
user’s actions and understanding, anchoring the
VR experience in educational objectives.

Text as a Function: Instructional text (“BUILD”,
“MULTIPLE CHOICE"”) suggests functionality,
indicating that the user is expected to construct
molecules and engage with quiz-like activities.
This ties into the pedagogical aim of the game,
which is to involve the student in the learning
process actively.

Compositional Interpretation

The virtual space is organized to mimic a real-
life educational setting with a clear foreground
(interactive molecular models), middle-ground
(instructional text), and background (a minimalistic
environment). This hierarchy of space facilitates
focus and minimizes distractions.

Utilization of color is functional, with reds and
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whites indicating different elements, and the
bright blue for text draws attention to instructions
and game functions. This color coding aids in the
visual differentiation of components and eases
the cognitive load on the user.

Inside of the immerserve VR environment, it is
designed from a first-person perspective, giving
a sense of presence and scale. The molecular
models appear large enough to manipulate,
enhancing the tangibility of abstract chemical
concepts.

Content Analysis

The content delivered through the VR experience
is didactic, aiming to convey complex organic
chemistry concepts tangibly. The multiple-
choice board assesses understanding, while the
molecular models allow for exploratory learning.

Also, the content is not passive; it requires
the user's active engagement. This design
philosophy reflects modern educational theories
that advocate for experiential learning, where
knowledge is constructed through doing. It
suggests a supplementary role to traditional
education, likely intended to align with existing
curricular frameworks. The game provides an
alternative avenue for exploring and reinforcing
classroom-taught concepts.

Iconography

Iconography refers to the visual images and
symbols used in a work of art or the study or
interpretation of these.

Using the ball-and-stick models is an established
iconographic element in chemistry education.
Their three-dimensional presentation in VR
provides an iconographic link to the familiar
two-dimensional representations seen in
textbooks but with the added depth required for
understanding complex spatial arrangements.
Textual elements act as directive iconography.
Words like “BUILD” and “MULTIPLE CHOICE"
are instructional, guiding the user through the
learning process.

Lastly, yhe simplicity of the interface design,
with its clean lines and uncluttered layout, is an
iconographic choice that communicates clarity
and focus, directing attention to the learning task
at hand.

Aesthetic Choices

The aesthetic choices in the VR game include
clarity and simplicity, color coding, and scale and
interaction.

The minimalistic design helps reduce cognitive
overload, allowing students to focus on the
essential elements of organic chemistry without
distraction.

Using distinct colors for different elements is
aesthetically pleasing and aids in differentiating
between types of atoms, a fundamental aspect of
chemical understanding.

Molecular models are scaled appropriately for
manipulation, making the interaction natural
and intuitive. Making these models central to the
interface design underscores their importance in

learning.
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What aesthetic choices led to the success of
the visual solution.

By leveraging VR technology, the game
successfully transforms abstract chemical
structures into tangible objects that students can
interact with, potentially increasing engagement
and comprehension. The game’s interactive
nature requires active participation, which
is known to improve learning outcomes. The
spatial manipulation of molecules in a three-
dimensional environment leads to a more intuitive
understanding of organic chemistry, which can
be challenging to achieve through traditional
learning methods.

What aesthetic choices led to the failure of the
visual solution.

The need for VR hardware may limit the game’s
accessibility to all students, potentially creating a
barrier to widespread implementation. Students
unfamiliar with VR technology might experience a
learning curve that could initially detract from the
chemical concepts the game intends to teach.
As the game does not teach everything from the
beginning, it may only fully address the needs of
students with a basic understanding of organic
chemistry.

How do aesthetic choices relate/connect
back to research problem or theoretical
solution?

In the provided case study, the visual analysis is
centered on aVirtual Reality (VR) game developed
to enhance the understanding of Organic
Chemistry concepts among high school students.
This visual analysis will relate the aesthetic

choices to the identified research problem
and theoretical solution, drawing on semiotics,
iconography, and aesthetics principles. The
case study is informed by challenges identified
in the current educational approach to teaching
Organic Chemistry. It proposes a high-fidelity
wireframe prototype, website design, and print
media as part of the solution.

Primary concerns outlined in the research
problem is the need for more depth and
interactivity in traditional two-dimensional
educational materials. The VR game counters
this by employing a three-dimensional space
where students interact with molecular models,
providing a more profound sense of spatial
relationships and molecular structure. Utilizing a
first-person perspective allows students to ‘enter’
the molecular world, thereby bridging the gap
between the two-dimensional textbook diagrams
and a more immersive, three-dimensional
understanding.

mages show a clear and minimalistic design,
avoiding unnecessary details that might
overwhelm the learner. This aesthetic choice is
pivotal, considering the complexity of Organic
Chemistry content. By stripping away the
superfluous elements, the design ensures
learners can focus on building and understanding
molecular structures.

The VR game utilizes a color-coding system
that is consistent with standard chemistry
models, which aids in the seamless transition
from conventional learning methods to this
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new medium. The color choices and symbolic
representations (e.g., red for carbon atoms) are
intuitive, drawing on established iconography
in chemistry, which eases the learning curve
associated with adopting a new technology.

Functionality and design of the VR game directly
address the identified research problem by
enhancing visualization and interactivity. The
game’s environment offers a dynamic and
engaging way to understand complex notions
in Organic Chemistry, which aligns with the
proposed theoretical solution. The high-fidelity
wireframe prototype for Organic Chemistry could
take inspiration from the VR game’s aesthetics,
prioritizing clarity and interactive elements that
encourage active learning.
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CASE STUDY 3:

DESIGN OF VIRTUAL REALITY
SYSTEM FOR ORGANIC
CHEMISTRY

Define who initiated and is responsible for the
project

“Design of Virtual Reality System for Organic
Chemistry” was created and developed by a
team of educational technologists and organic
chemistry experts, Kalaphath Kounlaxay, Dexiang
Yao, Min Woo Ha, and Soo Kyun Kim using the Unity
3D software with C# programming language to
conceptualize, design, and implement the VR
system.

Identify the motivation of the project.

The primary motivation for “Design of Virtual
Reality System for Organic Chemistry” derived
from the awareness of the inherent limitations
in the traditional teaching methods of organic
chemistry as provided by the statement in the
case study:

“Traditional education methods can meet the
needs of students in certain subjects, but they
cannot provide the best learning experience for
all students in all subjects (Bell and Fogler).”

The VR project aims to enhance students’
learning experience by integrating emergent
technology into the organic chemistry
curriculum. While effective in specific contexts,
traditional methods only sometimes offer the
best learning experience for all students.

In organic chemistry education, theoretical
knowledge and practical skills are essential,
particularly  for  synthetic  chemists in
research and industries like biotechnology and
pharmaceuticals. However, conventional
educational approaches often need to improve
comprehensive practical training and foster
logical and systemic thinking skills.

The project sought to address these gaps by
utilizing VR technology to create a more
engaging and interactive learning environment.
Virtual simulations in a 3D format allowed
students to visualize chemical mechanisms
in a way that is impossible with traditional two-
dimensional representations. The immersive
experience improves learning outcomes,
increases interest in the subject, and helps
students develop necessary skills in a safe
and controlled environment. The system also
enables students to practice and test their
knowledge virtually before conducting real-
world laboratory operations, enhancing their
understanding and safety.

Overall, the project was motivated by the need
to provide a more effective, safe, and interactive
educational experience in organic chemistry,
leveraging the advancements in VR technology.

Summarize the Project

VR integrated into the Organic Chemistry
curriculum was developed using Unity 3D with C#
programming to design and develop a chemical
reaction simulation inside a virtual laboratory
where students can experiment and interact with
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3D objects using an Oculus head-mounted display
and a hand controller. The VR system enabled the
simulation of chemical reactions by mixing virtual
chemicals, providing students with a visual and
interactive experience that significantly differs
from traditional learning methods.

Virtual lab provided experimental procedures
where learners could simulate an experiment
of organic chemistry reactions by closely
evaluating and analyzing the reaction scheme
and checking the reagents used in the
experiment. The first-person simulation allows
learners to interact with 3D objects and conduct
virtual chemical reactions, offering a detailed
workflow from selecting reagents to analyzing
reaction results. Learners can also engage in
various steps of a chemical experiment, such
as mixing chemicals, monitoring reactions, and
analyzing outcomes.

An experiment is to run an oxidation reaction
that converts toluene to benzoic acid using
KMnO4 as an oxidizing agent. The learners
should use 3 mL of toluene as the substrate for the
reaction and set, proceed, complete, and process
the reaction appropriately.

In reality, this experiment can be performed in
a physically touchable space in the laboratory
of Bio-Health Materials Core-Facility in Jeju
National University using the corresponding
spectroscopic analytic apparatus. Running the
reaction requires high temperatures, handling a
flammable liquid, and the highest concentration
of the hydrochloric acid solution.

However, the development of the VR virtual
lab allows students to perform experimental
procedures in a simulated virtual environment.

The experimental procedures are as follows:

1. Add a magnetic bar to a 100 mL round bottom
flask.

2. Measure toluene, KMnO4, H20, and 1%

NaOH(aq) solutions.

Add the reagents to the reaction flask.

Condense the reflux apparatus.

Heat the reaction until approximately 180 C.

o o b~ w

Monitor and profile the reaction (the reaction
color changes from purple to black).

~

Stop the reaction.

Cool the reaction vessel down by using an ice

bath.

9. Treat the reaction mixture with NaHSOS to
remove the remaining KMnO4.

10. Remove the precipitated solid (MnO2 ) using
filtration.

11. Collect the filtrate (product candidate) and
acidify it with concentrated HCI.

12. Filter the generated solid under reduced
pressure. Wash it several times in water to
remove impurities.

13. Acquire and isolate the solid. Dry it.

14. Confirm the structure by NMR analysis.

15. Calculate the chemical yield of the reaction.
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Identify the challenges they faced.

A challenge faced was the Development of
Interactive Content. The project required
the development of interactive and visually
engaging content that accurately represents
complex organic chemistry concepts. This
involved translating the basic theory of organic
chemistry into 3D models and simulations that
are both educational and engaging. However,
the simulation failed to provide atomic
visualization of atoms and molecules. Students
can interact with organic chemistry experiment
using a simulated virtual lab, ensuring a user-
friendly experience while maintaining safety.

The content did not delve in-depth explicitly
relating to content. For example, the experimental
procedures only provided steps to complete the
procedures but did not provide why a magnetic
bar needed to be added at the round bottom
flask or the importance of measuring toluene,
KMnO4, and other chemical solutions. Instead
of giving instructions, explain why students are
adding the reagents to the reaction flask? What
does moving the heat to 180 degrees Celsius
do to molecules at the chemical level? Provide a
‘pause button’ in the middle of the reaction and
go into depth of molecular reactions by providing
interactive 3D visualization models to increase
and enhance understanding.

Project Outcome.

Project outcome consisted of 42 students in
the chemistry department of Paichai University
as experimental subjects. Two types of users,
students, and teachers were divided into two

groups, an experimental group and a reference
group, with 21 members in each group (not
separated by gender). The experimental group
used the Oculus HMD, and the reference group
also used the Oculus HMD but only through
observations on a TV monitor connected to the
headset.

For the evaluation, reference questionnaires
through surveys were provided involving
interviews with quantitative data collection to
gauge students perspective utilizing the use of
VR chemical reaction simulation.

Identify and connect relevant elements back
to research problem or theoretical solution.

High Fidelity Wireframe Prototype

My proposed theoretical solution involves
developing a high-fidelity wireframe prototype
for VR and AR applications in organic chemistry
education, similar to the model of the “Interactive
Cardiovascular System Digital Prototype” |
developed in the digital imaging course. There are
several vital components | can take away from
this research that will complement the ideation
and conceptualization phase of the high-fidelity
wireframe prototype.

Interactive Content Development:

The current system did not offer three-
dimensional representations of molecules,
providing only two-dimensional models, as
seen in the image. The high-fidelity wireframe
prototype would incorporate detailed 3D
models of molecules, allowing for atomic-level
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interaction and visualization, enabling students
to fully grasp the spatial arrangements and
interactions at a molecular level, which is crucial

for understanding complex organic reactions.

Depth of Educational Content:

The VR application simulated real-world
chemistry experiments inside a virtual laboratory
without adequately explaining the underlying
scientific principles. The wireframe prototype
would include a feature to ‘pause’ experiments
at critical moments to delve into the ‘why’ behind
each step. For instance, it would explain the role
of a magnetic bar in a reaction. At other points
in the experiment, the implications of heating
substances to specific temperatures and the
occurring molecular changes at the atomic
level. The approach would transform procedural
instructions into a comprehensive interactive
educational experience, enhancing students’
conceptual understanding.
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VISUAL ANALYSIS 3:

CONNECTED TO CASE STUDY 3:

DESIGN OF VIRTUAL REALITY
SYSTEM FOR ORGANIC
CHEMISTRY

What does the selection depict?

The selection depicts a VR organic chemistry
lab developed by educational technologists and
organic chemistry experts. Developed in Unity
3D allows for an immersive exploration of a 3D
laboratory environment with interactive elements
to simulate a real-life chemistry lab. Inside the
virtual reality lab is standard laboratory
equipment, including test tubes, beakers,
chemistry heating plates, and labeled bottles
with chemicals. The virtual lab’s objective is to
enhance the depth and interactivity of organic
chemistry concepts going beyond traditional
teaching methods.

Who is the Audience?

Primary audience for this VR system is
students of organic chemistry, educators,
and curriculum developers looking to
integrate more interactive and engaging
teaching methods into their curriculum. The
virtual environment also holds potential interest
for researchers in educational technology
and textbook publishers who would consider
including VR experiences complementary to
their written educational content.

How do people consume the visual solution?
The interaction of students with a three-
dimensional educational environment is how
individuals consume the visual solution. There
is a multifaceted approach of the visual solution
which involves several layers of engagement and
learning:

Immersive Learning Environment: Unlike
traditional learning methods that rely on
textbooks and two-dimensional diagrams,
VR provides an immersive experience.
Students don the VR headset and enter a virtual
lab designed to be a simulation of a realistic
lab environment rendered to encourage
interactivity through virtual examination not
possible with traditional textbook that utilizes
two-dimensional representations, graphic
organizers, and visual graphics.

Interactive Engagement: Students actively
participate in learning by engaging, exploring,
and examining the chemical reaction of Toluene
to Benzoic Acid through a virtual simulation of a
step-by-step instructional guide.

Visual and Spatial Learning: The VR lab simulation
caters to visual-spatial learners who can
understand and remember information better
when presented visually. In the virtual organic
chemistry lab, the immersive simulation of
a real-world chemistry experiment provides
the students a safe and controlled virtual
environment to mixing chemicals to observe,
evaluate, and understand chemical reactions.
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Self-paced Learning: VR environments often allow
students to learn at their own pace. They can
spend as much time as they need to explore and
understand each concept without the pressure
of keeping up with a class or instructor. This self-
directed approach can be particularly beneficial
for complex subjects like organic chemistry.

Cultural Context and Interrelation

The VR lab simulation is embedded in a
broader cultural context where there is a shift
in educational methodologies towards more
immersive and interactive learning experiences,
reflecting the increasing recognition of the need
for educational tools that can cater to different
learning styles and the potential of technology to
provide these experiences. VR in education also
aligns with current trends in digital literacy and
technology integration in the classroom.

What is the interrelation between the image,
the form, or object, and the accompanying
text?

Interrelations of the virtual reality organic
chemistry lab is designed to enhance the
understanding and engagement with subject
matter.

Image and Form: The three-dimensional virtual
space depicts a readlistic laboratory environment
through the construction of the room, from
the cabinets to the tables, to the laboratory
equipment, and a periodic table. The form and
object - such as the beakers and test tubes are
rendered and programmed for interactivity.

Image and Text: Text within the VR lab serves as
instructional content, guiding the user through
the educational experience. The text provides
context to the experiments, explaining processes,
procedures, or the significance of objects within
the VR space.

Form/Object and Text: When combined with
textual descriptions or instructions, objects
in the VR system provide a dual channel
of information, facilitating a more profound
understanding. Students can simultaneously
interact with the object while receiving
information, enhancing cognitive processing
and retention.

Compositional Interpretation

Compositional interpretation of the virtual
space is deliberate, aiming to engage users by
providing a visual and interactive representation
of the organic chemistry curriculum. The layout
is reminiscent of a real-life lab, fostering a
sense of familiarity and practical application.
The placement of interactive elements and text
appears strategic, likely designed to guide the
user’'s attention and to scaffold their learning
experience.

Spatial Arrangement: The VR environment
resembles a real-world laboratory, with
workstations, equipment, and safety information,
which helps bridge the gap between theory and
practical application.
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Color and Contrast: Utilization of color is
noteworthy. Certain items, like the periodic
table, are vibrant and draw the user’s attention,
suggesting their importance. Contrast is used
effectively to highlight interactive elements or
essential information.

Interactivity: The quintessential compositional
element is interactivity—the ability to
manipulate virtual objects and conduct
simulated experiments. A transformative
step away from static images, allowing for

experiential learning.

Content Analysis

As seen in the VR lab, virtual reality (VR) systems
for organic chemistry represent an advanced
educational tool designed to transcend the
confines of conventional two-dimensional
teaching materials. These systems create
an interactive learning environment, inviting
students to dynamically engage with complex
organic chemistry concepts.

Content across the virtual lab showcases a
simulated laboratory with scientific apparatus,
educational displays, and interactive stations.
Compositionally, each interactive station
highlights different VR system components,
emphasizing the practical application of the
virtual lab and laboratory equipment. Such an
environment mimics real-world labs, suggesting
a learning approach that encourages hands-on
experience within a virtual realm.

Semiotics

Semiotic elements in the VR lab use signs and
symbols effectively to communicate information
and foster education. Periodic tables and
molecular structures serve as vital symbols,
grounding students in fundamental chemistry
knowledge while visualizing chemical compounds’
intricacies.

Symbols: Scientific gear and molecular models
symbolize the blend of practical skills and
theoretical knowledge essential in chemistry.

Icons: VR headsets and controllers represent the
gateway to immersive learning, highlighting the
system’s interactive capabilities.

Indexical Signs: Textual cues within the interactive
workstations guide user interaction and promote
a structured educational journey.

Iconography

Iconographic elements are abundant, depicting
organic chemistry and laboratory research.
Universally recognized scientific instruments
such as flasks and beakers populate virtual
space. Meanwhile, a user interacting with the VR
system signifies the shift toward active learning
through modern educational technology.

Laboratory Elements: Traditional lab equipment
and safety indicators set the scene for a credible,
safety-aware educational space.

Technological Elements: VR interface signs,
like hand movements and navigational cues,
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invite interaction, signaling an engaging system
component.

Educational Elements: Instructional posters
and guidelines within the VR setup reinforce the
system’s educational purpose, merging classic
resources with cutting-edge methods.

What aesthetic choices led to the success or
failure of the visual solution.

The success of aesthetic choices hinges on
its realistic laboratory setting, which includes
detailed representations of equipment and
educational content, such as a prominently
displayed periodic table. Students interact
with virtual lab tools and chemicals, facilitating
an engaging hands-on experience pivotal for
grasping complex concepts.

However, there is room for improvement.
Enhancing lighting effects for added realism,
incorporating haptic feedback for tactile
interactions, and introducing voice commands
could significantly elevate the user experience.
Additionallyy, making educational content
such as the periodic table more interactive—
allowing students to explore elements in
three dimensions—could further deepen
understanding.

The system’s visual clarity, with high-detail virtual
objects and bright, distinguishable colors, aids
learning. However, features like adjustable detail
levels and color-blind modes would ensure
accessibility for all students.

How do aesthetic choices relate/connect back
totheresearcjproblem or theoretical solution?
Aesthetic choices within the VR lab attempt to
address the statement:

“Traditional education methods can meet the
needs of students in certain subjects, but they
cannot provide the best learning experience for
all students in all subjects.”

Despite not achieving actual depth with
realistic 3D models in the virtual lab, situating
two-dimensional graphic organizers within
the instructions has encouraged students to
actively engage with the scientific experiment,
which aligns with the theoretical solution’s goal
of enhancing the overall learning experience for
all students, surpassing traditional education
methods.

Active participation is promoted over passive
reading, even if the system’s explanations of
scientific concepts lack depth. Gamification
elements, such as safe virtual experimentation
with equipment like a hot flask, directly cater to
increasing engagement and ensuring safety in
learning environments.

While not delving into the detailed science of
molecular interactions, simulated chemical
reactions  provide visual cues and guided
procedures that contribute to a more dynamic
educational experience. The approach of
simulated chemical reactions emphasizes
gamification and helps students learn about
chemical processes in a risk-free setting.
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The simulated chemical reactions of Toluene to
Benzoic Acid can add to the features within the
high-fidelity wireframe by developing a database
of reactions with clear and detailed scientific
explanations for enhanced comprehension and
understanding.

Essentially, aesthetic decisions in the system's
design serve as intermediary steps toward
more interactive chemistry education. These
steps forge a connection with traditional two-
dimensional materials, enhancing student
involvement and safety, foundational aspects of
the proposed theoretical solution for improving
education through AR/VR technology.
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CONCLUSION

Pivotal findings within the research demonstrate
the partial resolution of the identified problem;
the need for improved visualization of two-
dimensional representation of three-dimensional
molecules in organic chemistry education. The
AR/VR case studies and visual analysis evaluated
during this research have proven invaluable,
showcasing the potential ofimmersive technology
in facilitating a more profound understanding
of intricate organic chemistry concepts.
Findings indicate a notable increase in student

engagement and  comprehension  when
utilizing the AR/VR module, as evidenced by
improved test scores and active participation.
The application of this technology in diverse
educational settings, from high schools to
illustrates

universities, its adaptability and

relevance across differentlearning environments.

the
and

However, the challenges underline

importance of ongoing refinement
development to ensure the technology’s

continued efficacy and accessibility.

the
solves the identified problem by introducing

Research in literature review partially

a technologically advanced, interactive, and
immersive learning tool specifically designed for
organic chemistry education. The AR/VR module
addresses various areas, such as stereochemistry
and an organic laboratory experiment reacting
to organic which

compounds, previously

challenged students due to visualization.
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Groundwork laid by this study is substantial,
paving the way for further enhancements and
expansions of AR/VR applications in education.
The detailed
for refining modules and exploring additional

insights provided a roadmap

functionalities  integrated into  traditional
curricula. Furthermore, the research’'s positive
reception and demonstrated success open
avenues for exploring its integration into other
scientific disciplines, broadening the scope
of immersive technology in education. The
foundation established by this literature review
is a stepping stone towards a future where
immersive technology becomes a cornerstone
in fostering engaging and effective educational

experiences.
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CHAPTER 3: DESIGN PROCESS




Interactive 3D Course

VISUAL SOLUTION

X-Reality Lab _~ Molecular Database The visual solution for my thesis aimed to
develop an integrated blueprint for embedding
emergent technologies into traditional
teaching curricula. The integration of emergent
technologies confronted the challenge of
traditional two-dimensional representations
in organic chemistry education, addressing
) the needs for depth and interactivity which
3D Reactions ”~ Bulld Molecules led to suboptimal visualization. My approach
involved a high-fidelity wireframe prototype
incorporating VR, AR, and XR technologies
to create an interactive, three-dimensional
learning experience. The high-fidelity
wireframe prototype was a strategic blend of
traditional teaching methods and immersive
technologies designed to elevate student
engagement and understanding.

Demo Varsion 1.0
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BRAINSTORMING
KEYWORDS LIST

The process began with the creation of
the creative assets for my visual solution,
which was paramount in establishing a
company name that would anchor the
brand’s identity and guide the creation of
a distinctive brand identity. The selected
company name would underpin the brand’s
ethos and lay the foundation for logo design
and other brand design elements. To achieve
this, | engaged in brainstorming, a dynamic
technique for swiftly eliciting many ideas.
The brainstorming technique | used involved
random word stimulation, known as a method,
where random, yet relevant words catalyze
the ideation phase. This technique aimed
to conceive a name for a company that
would serve as an integrated blueprint for
incorporating organic chemistry education
with cutting-edge technology.

Zeroing in on the fusion of technology with
pedagogy, | wielded keywords like ‘Vision,”
‘Interactivity,” ‘Virtual Reality,, Augmented
Reality,” Immersion,” and ‘EdTech’. These
initial keywords served as beacons, guiding
the brainstorming session toward a company
name that would resonate with the intended,
innovative learning experiences intended
to be created. Furthermore, | explored the

educational objective of transcending the
conventional two-dimensional portrayals
of molecular structures, envisaging VR or
AR to facilitate a tangible interaction with
molecular models in three-dimensional
space. Keywords like ‘Gamification’ and
‘Inquiry-Based’ were alsoin play, hinting at the
integration of playful, exploratory learning
approaches to demystify the complexities of

organic chemistry.

The brainstorming session was also enriched
by delving into specific concepts of organic
chemistry such as “Chemical Bonding” and
“Reaction Mechanisms,” underscoring the
commitment to offering comprehensive
insights into these areas. In line with
Bruce Hanington's principles of effective
brainstorming, | strived for quantity over
precision, suspending critique and embracing
the building of ideas upon one another, even
if those ideas were unconventional. These
principles, as articulated by Hanington, were
instrumental in fostering a fertile ground for
creativity where ideas could be germinated
and proliferated without constraints of
judgment, thereby encouraging a free-
flowing exchange of innovative thoughts and

concepts (Martin and Hanington 22).
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BRAINSTORMING
COMPANY NAME

Once a keyword foundation was established,
| began crafting full-fledged company names
that encapsulated my creative vision for the
thesis’ visual solution. The words “Ed Tech
AR” “O.Chem AR,” and ‘Interactive Labs
AR” emerged, with “Ed Tech” symbolizing
the nexus of education and technology,
while “O.Chem” stood as a nod to Organic
Chemistry. Although my research was titled
“Organic Chemistry in Virtual Reality,” it
primarily concerned all realities.

However, | envisioned my educational
software would transcend VR to embrace
augmented reality, merging the realms of
virtual and real-world environments. As a
result, it led to the strategic choice of the
acronym “AR” over “VR” in the company name
brainstorming process. With the names “Ed
Tech AR,” “O.Chem AR,” and “Interactive Labs
AR,” | ventured into the realm of acronyms,
drawing from my freelance experience
working with start-up firms. Acronyms
like ETAR, OCAR, and ILAR came to life. |
decided on acronyms due to their brevity and
ease of pronunciation, making a company
name catchy and memorable—a crucial
factor in brand retention. The strength of
short acronyms rested in their memorable
simplicity and the rapid establishment
of a commanding brand identity, backed
by research from Keller and Aaker, who

underscored the impact of distinctive brand
names on consumer perceptions and brand

value (Keller 9).

My list of acronyms spanned the alphabet,
from “BAR” to “JAR” and “MAR.” The
original inclination leaned towards “MAR,”
envisaging a playful brand image with
an interplanetary twist. Yet, as | delved
deeper into the intersection of science
and virtual experiences, | encountered
the challenge of finding an “M” word that
seamlessly integrated all three concepts of
interplanetary Mars, Organic Chemistry, and
emergent technologies. This proved to be
too much of a creative challenge. Therefore,
| shifted gears. “AAR” ultimately captured my
creative interest with its rhythmic appeal and
ease of articulation.

The quest for a company name to begin
with ‘A" and ‘Atomic AR’ quickly stood out,
embodying the essence of organic chemistry
and the innovative leap into augmented
reality. My subsequent exploration dug into
the broader spectrum of reality technologies
to unveil the concept of extended reality (XR),
which amalgamated AR, VR, and MR into a
unified domain. Thus, the final decision on
the company brand name was AXR or Atomic
XR.
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SKETCHES

COMPANY LOGO

Digging into the visual identity of “AXR” or “Atomic
XR,” | first honed in on the virtual reality aspect,
crafting the contours of a VR headset into the
logo’s design, much like the physical embodiment
of a headset, setting the brand’s technological
forefront. The choice to incorporate simple text-
based logos was informed by the impactful
legacies of iconic American brands, whose
wordmarks stood as a testament to the power
of typographic simplicity in fostering brand
recognition and memorability.

However, incorporating atomic orbits within the
logos rooted the brand in organic chemistry,
marrying the abstract concept of atomic
structures with the palpable realm of extended
realities. The fusion of text and symbol aimed to
leverage the best of both worlds: text’'s clarity
and icons’ visual shorthand. Upon reflection and
inspiration drawn from Alana Wheeler’s insights
on the sequence of cognition, | shifted towards
a more shape-centric approach with the ninth
logo iteration (Wheeler 50). The pivot was driven
by the understanding that the human brain

was wired to recognize and recall shapes with
greater immediacy than texts. This realization
steered the logo designs toward leveraging
visual forms that would etch themselves into
memory with more speed and permanence to
enhance the brand’s visual impact and recall.

The sketches were developed to display a
tapestry of concepts, each vying to encapsulate
the company’s essence in a single emblem.
These initial designs were a creative exploration
of visually communicating the synergistic
connection between the microcosmic world
of atoms and the expansive realm of extended
reality.
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LOGO

VECTORIZATION

The vectorization of the logo for “AXR” or “Atomic
XR"” began by importing the hand-drawn sketch
into Adobe lllustrator. The drawing served as
a template upon which vector shapes were
carefully crafted using lllustrator's powerful
tools. Fortunately, Alana Wheeler's sequence
of cognition with basic shapes made custom
logo designing easier, since shapes kept things
simple. | first began by using the rectangle shape
to curve the edges. | then used the “add anchor
point” tool in the middle of the bottom of the
curved rectangle to sculpt the distinct “U” shape,
a representative of the VR headset’s nose bridge.
Secondly, | placed circle shapes into the design
and customized those circles into ovals, where

| used the Pathfinder tool to develop the initial
form of the atomic orbital. Afterward, | placed
the oval around the VR silhouette and continued
manipulating and editing the Pathfinder tool to
get vector shapes that closely resembled the
sketched logo.

This meticulous process transformed the logo
from a concept sketch into a clean, scalable, and
professional vector graphic ready for branding
across various mediums, encapsulating the
brand’s innovative ethos. Upon completion of
the logo, a typeface that harmonized with the
style needed to be selected to further solidify
the brand’s identity.
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TYPOGRAPHY

In selecting the typefaces for “AXR” or “Atomic
XR,” Museo Slab was chosen for its slab serif
qualities based upon font psychology to convey
importance and capture attention and made it
a fitting choice for a product that stood out to
be vital and impactful (Svaiko). The font Forma
DJR Micro was selected to complement Museo
Slab, offering a sans-serif counterbalance that
was straightforward and neutral to ensure the
brand’'s message was conveyed clearly and
directly. This pairing, as suggested by Adobe
Fonts, merged the assertive character of a slab
serif with the clean readability of a sans serif,
aligning the brand’s visual language with its
innovative and forward-thinking identity.
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Museo 5lab 100

0123456789
ABCEDFGHIJKLM
NOPQRSTUVWXYZ

Museo Slab 700
0123456789
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NOPQRSTUVWXYZ
Museco Slab 500 Italic
0123456789

ABCEDFGHIJKLM
NOPQRSTUVWXYZ

Forma DJR Micro Regular

0123456789
ABCEDFGHIWKLM
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Forma DJR Micro Bold
0123456789
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Forma DJR Micro Italic
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Museo Slab 500
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Museo Slab 900
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COLOR PALETTE

The brand color palette for “AXR” or “Atomic XR”

was chosen to embody a high-tech aesthetic

vital for the brand’s positioning in the technology CMYK: 100.94. 37.51 CMYK:56.0.7.0
and education sectors. The deep navy-blue RGB: 0 18 66 RGB: 7 228 253
conveyed professionalism and depth, while the Hex Triplet: 001242 Hex Triplet: 07e4fd

vibrant cyan added a burst of innovation and
energy—colors often associated with cutting-
edge technology. The striking magenta infused

the palette with creativity and futuristic appeal
meanwhile, the crisp white provided a clean
contrast, tying the palette together. These
colors were designed to resonate with the
brand’s forward-looking ethos, reflecting the

dynamic intersection of science, technology,
and immersive educational experiences.

CMYK: 29, 82,0,0 CMYK:0,0,0,0
RGB: 248 10 251 RGB: 255 255 255
Hex Triplet: f80afb Hex Triplet: ffffff
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LOGO COLORIZATION
FIRST ITERATION

With the brand’s color palette established, |
developed the first iteration of the colorized
logo, meticulously applying the brand colors.
| commenced the colorization process with a
deliberate and precise approach, copying the
initial logo design and pasting the ‘control + F’
shortcut perfectly over the original. Adjusting
the layered logo for a calculated rightward shift,
| infused it with the vibrant cyan from the brand
color palette with the right amount of pressed
right arrow key towards visual precision.

Mirroring this technique, | added depth and
dimension to the logo by shifting another
layer to the left and bathing it in the brand-
colored magenta, ensuring the hues danced in
harmonious contrast. The deep navy blue was
not only a backdrop but a foundational element,
imbuing the logo with profundity and astuteness.
The interplay of these colors became a

testament to the brand’s innovative spirit, and
the glitch aesthetic had become synonymous
with digital dynamism. Throughout this process,
negative space was as intentional as the colors
themselves, providing a visual pause that
allowed the logo to be impeccable and maintain
its clean, impactful, and professional presence.
Each step in this colorization process was
essential, transforming the initial concept into
an emblem that stood out and resonated with
the brand’s identity, making it a pioneer in the
realm of extended realities. The initial iteration of
the AXR logo became the beacon of the brand’s
ethos, a visual symphony of color, form, and
space that unequivocally communicated the
cutting-edge, digital nature of “AXR” or “Atomic
XR."
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MOOD BOARD
BRAND IDENTITY

Image boards, or mood boards, were a long-
standing tradition used by various design
professions for different reasons, built from
inspiration and served to inspire and sell
(Martin and Hanington 100). Mood boards were
integral to the design process, often serving as
a springboard for creativity and a medium to
convey a project’s visual direction. After a clear
aesthetic, audience, or style was determined;
image boards featured a collage of images
embodying the chosen aesthetic and stylized
themes.

The assembled brand identity mood board
conveyed the aesthetic direction for the
innovative educational software application
tool in organic chemistry for “AXR” or “Atomic
XR.” It was a collection of vivid imagery,
futuristic design elements, and educational
motifs that formed together a narrative of
innovation. The mood board elements— from
the atom and VR headset graphics to the glitch-
inspired typography—emphasized the leap

from traditional 2D learning tools to dynamic,
interactive 3D visualizations. The creative
assemblage of brand direction elements
not only represented the visual solution for
curriculum developers and educators but also
encapsulated the essence of the research.
It illustrated the journey from identifying the
limitations of conventional teaching methods to
proposing an immersive, mixed-extended-reality
framework that could significantly enhance
student engagement and comprehension.

Through these visual cues, the mood board
demonstrated how VR and AR could be tailored
to meet educational needs, aligned with
pedagogical theories like Vygotsky's Zone of
Proximal Development, and supported individual
learning styles aligned with Piaget’'s theory.
It was a testament to the envisioned future
of education, where technology and tradition
converged to create a rich, multifaceted learning
environment.
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MOOD BOARD
HIGH FIDELITY

WIREFRAME

The High-Fidelity Wireframe Mood Board was
a visual encapsulation of the research thesis’
core objective: to transcend traditional two-
dimensional organic chemistry education
using immersive VR, AR, and XR technologies.
Compiling images to develop the high-fidelity
wireframe mood board aimed to showcase the
envisioned digital landscape, where complex
molecular structures and reactions were
dynamically rendered, offering an interactive
educational experience. It reflected a
pedagogical and andragogical shift towards
a blended learning model marrying traditional
teaching methods with cutting-edge
technology to enhance student engagement

and comprehension.

In line with the research questions, the mood
board illustrated the integration challenges
and the potential impact of VR, AR, and XR

in organic chemistry education. It was a
prototype for all stakeholders, students,
educators, curriculum developers, and
textbook publishers, illustrating how VR, AR,
and XR could support learning theories such
as Vygotsky’s Zone of Proximal Development
and Piaget’s self-learning theory. Furthermore,
it encapsulated the strategy for embedding
immersive technology into organic chemistry
curricula to foster a more prosperous
learning environment that aligned with future

educational paradigms.

The high-fidelity wireframe guided the design
process and conveyed the essence of the
proposed solutions to stakeholders through
a blend of images and design elements
representing the intersection of technology,
pedagogy, andragogy, and organic chemistry.
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SITEMAP

The sitemap of the high-fidelity wireframe
was a comprehensive blueprint outlining the
structure and navigation of the immersive
educational platform for the visual solution of
my thesis research. The navigational system
was meticulously designed to integrate theory
and practical laboratory exercises, ensuring
a seamless user experience that enhanced
learning through interactivity. With the utilization
of Adobe XD, design decisions were informed by
the software’s capabilities, such as prototyping
and repeat grid features to facilitate the creation
of an interactive and visually appealing sitemap.

The development of the sitemap’s objective
aimed to align with the research thesis and
to address the limitations of traditional two-
dimensional teaching methods by leveraging
the advanced capabilities of emergent

technologies to present organic chemistry
concepts in a dynamic, three-dimensional
format. The high-fidelity wireframe prototype
was a strategic component in developing the
integrated blueprint for emergent technologies,
serving as a visual and interactive guide,
merging the benefits of extended realities with
traditional teaching methods to foster a rich,
multi-faceted learning environment for students.
The integration was expected to improve
engagement, comprehension, and the overall
learning experience, aligning with educational
theories, catering to individual learning styles,
and ultimately bridging the knowledge gap
identified in the research.
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SKETCHES

HIGH FIDELITY WIREFRAME

The sketches represented a series of wireframe
layouts and conceptual designs for the visual
solution of my thesis problem, an application
focused on teaching organic chemistry
through interactive methods. Starting with the
security page, | ensured secured access while
acknowledging the expansive scope of this
course. Also, with the time dedicated to this
thesis research, developing a full-scale version
of the interactive educational application was
impossible. Therefore, a “demo version” of
the high-fidelity wireframe was developed. |
chose to develop a high-fidelity wireframe as a
strategic decision based on the need to create a
prototype closely resembling the final product in
terms of design, interactivity, and functionality.
High-fidelity prototypes were detailed and highly
interactive, allowing for comprehensive user
testing of specific features and interactions

within the product.

Next, the main menu was sketched with “buttons”
in mind, as advised by my assigned thesis
committee. Throughout the development of the
wireframe user interface sketches, | kept in mind
thoughtful consideration of the user experience,
with clear paths for navigation and a logical

progression of content, from foundational

92

concepts to more complex topics. Personalized
user profiles allowed tailored experiences,
suggesting a system that supported student
learning and educator facilitation.

The demo showcased interactive 3D models and
a clickable periodic table emphasizing carbon—a
nod to organic chemistry’s heart. It also bridged
two-dimensional learning to three-dimensional
comprehension, exemplified by the visualization
of simple addition reactions in three dimensions
of an alkene molecule with hydrogen bromide,
and examined the reaction mechanism in three
dimensions.

My research acknowledged the limitations
of traditional methods in organic chemistry,
advocating for integrating augmented, virtual,
and extended reality to offer dynamic, interactive
learning experiences. | had aimed to bridge
the two- and three-dimensional learning gap,
enhancing engagement and comprehension.
The high-fidelity wireframe was designed
to support immersive technology alongside
traditional teaching, influenced by educational
theories, and objectized for a comprehensive
framework that enriched organic chemistry
education for all learners.
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THE THREE TYPES
OF WIREFRAMES

Wireframes served as the architectural blueprints
for digital projects, and they came in three distinct
fidelity levels: low-fidelity, mid-fidelity, and high-
fidelity (McElroy). Fidelity, in this context, refers to
the extent to which a prototype mirrored the final
product’'s appearance and functionality. Low-
fidelity wireframes were the skeletal framework
used to explore essential concepts and did
not resemble the end product, emphasizing
structure over style. In mid-fidelity prototypes, the
resemblance to the final product became more
noticeable in at least one aspect.

Mid-fidelity prototypes introduced elements
of visual designs, interactive features, and
functionalities. They also started to specify the
final medium, defining it to be either wearable
technology, an on-screen application, a web-
based interface, a virtual reality environment, or a
tangible, physical design.

Conversely, high-fidelity prototypes were nearly
indistinguishable from the final product. They
incorporated detailed visual designs, employing
physical materials or sophisticated code for web-

based environments. High-fidelity prototypes
featured content, allowing for comprehensive
interaction. Moreover, they were ideal for
evaluating subtle aspects, suchasusers’reactions
to the overall experience, the effectiveness of the
animations, the readability of texts, the feasibility
of long-term use, and the appropriateness of
button sizes.

Therefore, given these considerations, a high-
fidelity wireframe prototype was developed
using Adobe XD to address the research problem
identified in my thesis research. The design
aimed to integrate immersive technologies
into conventional educational frameworks by
providing a strategic blueprint for incorporating
immersive technologies into traditional organic
chemistry curricula. This innovative approach
enabled key stakeholders to engage with a demo
version, allowing for a hands-on experience before
preparing for the fully developed educational

software application.
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DIGITAL 3D MODELS

A 3D model was defined as a digital three-
dimensional object representation, allowing
detailed visualization and manipulation.
These molecular 3D models enabled users to
observe objects from any angle by providing
a realistic sense of depth and space. In
organic chemistry education, 3D models
have become a pivotal tool in addressing the
limitations of two-dimensional educational
resources.

The visual solutions developed within the high-
fidelity wireframe using 3D models directly
correlated to the research by offering a
dynamic and interactive learning experience
lacking in traditional methodologies.
The research problem highlighted the
inadequacies of conventional teaching aids
in conveying the intricacies of molecules’
structures and behaviors, particularly from
two-dimensional representations. The 3D
digital models showcased here offered a
tangible solution that enabled students to
engage with molecules in a virtual space.
These 3D models allowed for an immersive
exploration of organic compounds that
could not be provided by two-dimensional
diagrams, bridging the gap between two and
three-dimensional perspectives, meanwhile
facilitating a deeper understanding
of complex molecular geometries and
interactions.

The integration of these 3D models into
AR and VR technologies aligned with
the aim of the research, which was to
enhance organic chemistry visualization.
It transformed passive learning into an
interactive experience, promoting student
engagement and retention of information.
Therefore, allowing visual solutions to make
abstract concepts more accessible and
understandable to support curriculum
developers’ and educators’ efforts to improve
chemistry education.

3D models have improved the grasp of
organic chemistry concepts, permitting
learners to engage actively by making the
study of organic chemistry more interesting
and less abstract. The increased engagement
allowed users to deepen their understanding
of organic chemistry, fostering a stronger
foundation for students as they progressed
into more advanced topics or settled into
their respective professional fields where
these concepts would apply. 3D visualization
significantly enhanced the breadth and depth
of organic chemistry in several ways.
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3D VISUALIZATION J » »

Through these various applications, 3D
models bridge theoretical concepts and 10 Model 001 002
tangible understanding, making organic
chemistry more approachable and engaging
for students, which, as a result, deepens
comprehension, benefits students’ immediate

‘@
@
&

learning, and lays a solid foundation for future
academic or professional pursuits in the field.

003 D0 005
Furthermore, AR and VR as platforms for
these 3D models encapsulate the research’s
objective to develop a cohesive educational " o 4
framework that combines the strengths . ‘ ‘
of traditional and modern technological J . 7
approaches.

006 007 003
In essence, the digital 3D models are a
quintessential link between the existing
traditional educational methodologies and F] J J
the innovative strategies that the research ‘ ’ ,
advocates for. The models and interactivity J 4
embody the shift towards a more interactive
and engaging form of learning that the 009 010 011

research identifies as necessary to enhance
and integrate emergent technologies into

=
=

organic chemistry education.
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HIGH FIDELITY WIREFRAME

INITIAL DRAFT

Security Page

| initiated the wireframing process, beginning
with the security page login screen. The
existing logo and color palette informed the
color scheme selection for the educational
application interface. | designed the user
interface to invoke depth and dimensionality
reflective of a VR, AR, Mixed, or XR application
by utilizing gradient-filled curved rectangles
and a foreground grid to enhance the
depth of field users commonly interacted
with. The login interface was inspired by
Sony’s PlayStation interface, embracing a
minimalist design aesthetic and ethos.

Development of Main Menu and Profile
Pages

With the login screen established, the
attention was turned towards the main
menu. The designs were informed by
preliminary sketches and adjustments to
ensure functional integrity. Time constraints
necessitated swift decision-making, resulting
in the completion of both student and teacher
profile pages within a limited timeframe.
With the security page created, the next
day was to conceptualize the main menu,
guided by high-fidelity wireframe sketches.
The resultant main menu was a functionally
working product despite the deviations from

the initial sketches. Afterward, | constructed
the student and teacher profile pages using
quick, decisive design choices within a short
period. The profiles of the users, for students
and educators, were hidden underneath the
profile icon in the upper right corner of the
user interface.

Deliberation and Selection of Featured
Molecule on the Main Menu

My focus shifted toward the featured
molecule on the main menu, deciding
between a DNA base pair known as Cytosine
or Sinigrin, a molecule from a mustard seed
chosen for its symbolic, biblical significance.
However, after | custom-constructed and
built the Sinigrin molecule, replacing the
Cytosine as the featured molecule, the
Sinigrin molecular did not meet the required
aesthetic visual design standard. Therefore,
I replaced the Sinigrin symbolism for
aesthetics with the Cytosine molecule. In this
contemporary culture of this ever-changing,
fast-paced digital era, visual appeal was
paramount, as research on user engagement
suggested.
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WIREFRAME

INITIAL DRAFT CONTINUED

Integration of Interactive Features

With the completion of the design and
development of the main menu page, |
crafted the Interactive 3D Course. Using the
preliminary wireframe sketches on hand, |
incorporated a horizontal scroll feature to
enable users to navigate the course chapters
effortlessly. Therefore, my next objective
was to design user-interactive chapter cards
and then add a horizontal scrolling effect
utilizing Adobe XD’s robust animation tools to
create a seamless scrolling experience. The
dynamic scrolling illusion was achieved by
adjusting chapter cards in the user interface
with an emphasis on bringing the currently
selected chapter to the foreground while
dimming others by bringing down the opacity
of the highlighted chapter to the focal point.
The transition from the design to prototype
involved the interconnectedness of the cards
by harnessing XD’s “auto-animate” function
and a “snap” easing effect to enhance user
interaction. The animated chapter cards
provided the interactive horizontal scrolling
effect. Once the interactive 3D course
horizontal scroll was completed, | applied
the same horizontal scroll throughout the

Crafting the Initial Designs for the XR
Laboratory

Crafting the initial designs for the XR
Laboratory was a process that | embarked
on with a clear vision. That vision was to bring
the intricacies of chemistry to life in the most
tangible and immersive possible and best
ways. My inspiration derived from a Hans
Renier photograph known as ‘Unsplash, which
captured the essence of a real-world lab
with its array of chemistry flasks. | aimed to
infuse the interface with a sense of extended
reality enhanced by mixed reality elements.
My vision was additionally refined by the
groundbreaking work of the NC State Organic
Chemistry Virtual Reality Lab, whose case
studies and visual analyses provided the
blueprint for simulating a first-person stroll
through a laboratory with the added depth of
mixed and extended reality.

While | was crafting the goggles, | imagined
myself being the targeted student and peering
through those lenses that would transform
my mundane study session into an enthralling
educational escapade. These goggles should
not be perceived as mere tool, but a portal that

platform. guided users into an interactive realm, where
every turn revealed layers of the molecular
world.
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My design journey led me to think about how
the audience would connect with my research
project, eagerly seeking to unravel the
mysteries of organic chemistry. Consequently,
| worked first on incorporating insights from
my thesis research paper into the early
slides. | eventually then decided to lay out the
research problem and demonstrated how the
creation of the XR lab would be a novel visual
solution.

Three chemistry flasks marked the inception
of the lab, and each nod was a representation
of the extensive research and visual analysis
from the “Design of Virtual Reality System
for Organic Chemistry.” The flasks were not
mere containers. But they also signified the
vessels that bridged the gap uncovered in
my research findings and offered users the
ability to interact with and visualize chemical
structures before manipulating them in a full-
fledged 3D reaction.

| first gravitated toward a simple addition
reaction, turning Ethylene into Bromoethane
to showcase the reaction pathway in 3D. This
reaction pathway in 3D would demonstrate
the chemical reaction of breaking and forming
bonds process about the flow of electrons.
As | delved deeper into aligning my visuadl
representations with the research, | pivoted

and ended up using the simple addition
reaction. In addition, | meticulously crafted
the visual story of the oxidation of toluene
to benzoic acid, borrowing elements from
the established research experiments and
infusing them with the transformative power
of KMnO4, H20, NaOH, and Toluene.

The development phase was a crescendo of
creativity, culminating in my thesis defense
while the molecules sprang to life in 3D,
breaking free from their 2D restrictions. The
initial version laid out a three-dimensional
tableau of molecules that were technically still
in 2D. The paradox of static 3D visualization
beckoned users to rotate and engage with
them despite their static nature in this draft.
It was also a promise of what was to come—a
gateway to a world where chemistry was no
longer confined to textbooks but became a
living, breathing experience dancing at the
fingertips of those who dared to explore it
through the XR Laboratory.

LINK TO FIRST DRAFT OF THE
HIGH-FIDELITY WIREFRAME DEMO
VERSION:

https://xd.adobe.com/view/8b8c30c4-f772-
44bf-a3a2-cab822b4f73f-dedf
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INTERACTIVE 3D COURSE
INITIAL DRAFT PROGRESS

Interactive 3D Course - Initial Draft
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XR LABORATORY
INITIAL DRAFT PROGRESS

XR Laboratory Initial Draft Introduction to XR Lab 1 Introduction to XR Lab 2 Toluene to Benzoic Acid Lab
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WIREFRAME - COMMITTEE

FEEDBACK REVISIONS

With the completion of the initial draft,
feedback from the assigned committee
provided several key points to be revised

=  Logo Design Update to all pages

= Tutorial page after the login

= Include organic chemistry content and
interactive elements in the “Interactive
3D Course.”

= Minimize clicks to get to the XR Lab

= Update and remove unnecessary
information in the XR Lab

= Include extra framesto give a 3D rotation
appearance for the featured molecules.

= Add arrows for better user experience,
accessibility, and navigation.

In my quest to revise and refine the XR
Laboratory based on committee feedback, |
had to navigate a series of challenges. Each
challenge required a unique solution and
a fresh perspective. Therefore, | decided to
illustrate the process of tackling each hurdle
from logo design to user interface and
technical execution:

Logo Design Revision and Branding:

| revised and updated the logo design from
“Atomic XR"” to the more streamlined “AXR,”
infusing it with an immaculate aesthetic
that eschewed the previous blue and purple

glitch-like effect. The change was spurred
by Professor Montoya’s insightful feedback,
which aimed to ease the visual load on the
user’s eyesight. Continuing on this guidance,
| carefully updated the logos across all
high-fidelity wireframe pages, ensuring a
consistent and clear brand identity across
the platform.

User Interface and Accessibility:

In the profile navigation and sign-in pages,
I initially set on a design presenting an
educator’s profile post-login. However,
Professor Montoya’s advice was to opt for
profile selection pre-login, which would
allow for an improved user flow. Therefore,
this prompted me to rework the sign-
in process by placing the user profiles
before the sign-in security page, leading
to an enhanced user journey right from the
start and making the AXR platform more
intuitive and accessible. Furthermore, the
feedback from Professor Bass highlighted
a need to streamline the journey to the
XR Lab with fewer clicks for the user than
was previously set up. Taking this matter to
heart, | reduced the required interactions,
smoothing the path for users to access
the lab and immerse themselves in the 3D

learning environment.
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Content Optimization and Educational
Focus:

Updating the XR Lab itself was a delicate
balancing act. Professor Bass's suggestion
was to trim down unnecessary information,
permitting me to focus solely on what users
sought: the ease of navigation to direct
course content. In response, | refined the
user experience by stripping away elements
closely tied to the specifics of my thesis
research and concentrated on sharpening the
content’s educational value by emphasizing
content relevant to the lab experiment.

Technical Execution and Innovation for
lack of 3D supportin Adobe XD:

The integration of 3D models presented
a unique technical problem. Adobe XD's
limitations on 3D model support were an
obstacle that was not insurmountable.
| developed a workaround solution by
generating a series of frames that mimicked
the illusion of a 3D rotation for the featured
molecules in the XR Lab: KMnO4, H20, NaOH,
and Toluene. This innovative approach
enhanced the visual appeal and solidified the
educational integrity of the content, echoing
the visual solutions of my thesis research
problem.

Cross-Platform Compatibility:
Lastly, cross-platform compatibility was a
significant technical challenge. Developing

the AXR application for iOS devices,
particularly for the iPhone 14 Plus and Pro
Max, required an astute understanding of
responsive design principles. Transitioning
from a VR interface to a mobile screen was no
small feat—it demanded a complete overhaul
of the user interface design to fit the compact
screens without compromising functionality.
Ultimately, | created a responsive design that
catered to mobile devices’ unique dimensions
and user interaction patterns.

Concluding Thoughts of AXR Wireframe
Development:

Throughout this development journey, |
leaned into the challenges, using them as
opportunities to innovate and refine the
AXR Extended Readlities platform to educate,
engage, and inspire. Each creative and visual
obstacle conquered was a step forward
in producing an experience that was both
educationally profound and technologically
advanced, bridging the gap between
two-dimensional and  three-dimensional
representations for improved student
engagement and comprehension in organic
chemistry education.

LINK TO FINAL VERSION OF THE HIGH-
FIDELITY WIREFRAME DEMO VERSION 1.0:
https://xd.adobe.com/view/4ac49f52-60f9-
425e-09f4-cf3439806feb-1f97/
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PRINT SIGNAGE PROCESS
WEB BANNERS

Shift away from Billboard Design:

As | developed print signage, | first
contemplated building a billboard and posters
as part of the visual solution. However, upon
reflecting on my specific demographic
target, which included science and pre-med
students, researchers, chemists, educators,
and educational institutions, | realized a
billboard might not be the most effective
approach to garner attention from these
specialized groups. Consequently, | shifted
my focus away from billboards towards web
banners, considering that my audience was
tech-savvy, frequent users of XR technology,
and active internet users. With that in mind,
| started to craft web banners using Adobe
lllustrator. | discovered typical web banner
sizes in VR needed to be standardized, as the
emphasis was more on the experience within
the VR context. Therefore, | chose to work with
a 1920px by 1080px large web template.

Signage - Web Banner Development:

In the creation of the initial banner, | made a
conscious decision to use a molecular diagram
that was familiar and yet was presented in a
way that hinted at the depth and interactivity
that AXR Extended Realities would offer. ‘Take
static pages to interactive molecular mastery,’
the text read, setting the stage for educational
innovation.

The subsequent banners were a testament
to my iterative design philosophy. | wanted
not only to create visually appealing images
with these banners but also to tell a story and
to invite students into a world where learning
was as dynamic and multi-dimensional
as the molecules they would study. The
transformation of a flat benzene molecule
into a 3D model was a visual metaphor for this
educational leap. As | crafted each banner,
my color schemes, typography, and imagery
decisions were deeply influenced by the
brand’s identity, the audience’s needs, and
the brand style guide developed for the AXR
application.

Throughout this process, | pushed the
boundaries of traditional educational
materials. The final banner, AXR, was more
than a visual piece; it was an emblem of the
transformative experience that awaited
users. ‘Dive into the molecular universe with
XR, the banners beckoned, promising an
adventure in organic chemistry far beyond
the pages of any textbook.
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Draft1

PRINT SIGNAGE PROCESS
POSTER DEVELOPMENT

'R
Educational Laarn

Drawing from the design principles and Y . Y ki
aesthetic developments of the established |

web banners, | carried over the deep blues Draft 2
and vibrant imagery to this new canvas. The
centerpiece of the poster was the 3D molecule

model, a representation of the complex

beauty of organic chemistry that AXR made
accessible. The process of the poster’s design
was iterative and introspective. | constantly
aligned each element with the core message:
AXR was an immersive educational odyssey.
This message resonated through every
aspect of the poster, from the tagline to the
imagery and typography.

The design’s upper half was dominated by
the AXR logo, updated, and refined, sitting
confidently against the dark backdrop,
symbolizing the clarity and focus that AXR
brought to the educational table. Adding
the QR code at the base of the poster was
a practical consideration, allowing for
immediate engagement and bridging the gap
between the physical poster and the digital
realm of AXR.

Scam 15 Dewnloed
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DESK STATION BANNER
STAND DEVELOPMENT

To entice further engagement of my targeted
audience, | envisioned an interactive stand
with a banner stand where users could
experience an AR/VR application demo at a
desk station. The idea led to the creation of
a stand banner design that was also set up
as a presentation stand in a polished display
manner. Creating the banner stand for AXR
Extended Realities was an extension of the
design aesthetics that informed the web
banners and poster design, which aimed at
developing abrandidentity for the application
with consistent design aesthetics through all

mediums.

While constructing the banner stand, | had
to design and develop it in a way that would
catch the attention of passersby in bustling
conference halls or within the quiet halls of
academic institutions. The banner stand
had to be a vertical slice of the immersive
educational odyssey that AXR stood for as
a testament to the integration of emergent
technologies with traditional teaching
methods. Subsequently, designing the
banner stand was about visual balance,
ensuring each design element was unique
while maintaining its cohesive narrative.
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CHAPTER 4: FINAL WORK
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AXR
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Organic Chemistry in Virtual Reality

Damo Version 1.0

FINAL DELIVERABLES

The primary objective of the deliverables,
with a particular focus on the high-fidelity
wireframe prototype, was to conceptualize
and engineer a comprehensive integration of
the blueprint aimed at embedding immersive
technologies within conventional traditional
teaching curricula. Several innovative features
within the integrated blueprint included an
interactive 3D course, extended realities lab,
3D reactions, and molecular database, which
would distinguish the high-fidelity wireframe
prototype as a robust blueprint for a software
extended reality. The interactive 3D course
transformed a standard textbook into a series
of compelling, interactive lessons through
immersive learning environments. The extended
realities lab provided enhanced visualizations
at the molecular level. The innovative approach
not only enhanced student engagement by
making course content more accessible and
engaging, but it also aimed to deepen the
understanding of key concepts by providing
hands-on, experiential learning opportunities
at the student’s pace.

These innovations such as the integration
of emergent technologies with traditional
methodologies aided in bridging the gap
between two-dimensional and three-
dimensional visual representations. Moreover,
they offered a more effective and enriching
educational experience, signifying a forward-
thinking step towards redefining traditional
pedagogical and andragogical methodologies,

which thereby set a new benchmark for
educational excellence.

Several key deliverables emerged from the
visual solutions of the research project,
highlighted by a comprehensive brand style
guide, a detailed high-fidelity wireframe
prototype, and a series of designed signages.
Each developed component was directly tied to
the thesis research problem, offering a cohesive
visual solution to the challenges detected
during the literature review, case studies, and
visual analysis phase. My approach to the final
deliverables ensured that every aspect of the
project was rooted in thorough research and
addressed the identified gaps in research
findings. The result was a suite of graphic
design materials that enriched the product’s
visual language. Moreover, it provided a solid
foundation for future initiatives and visually
solved the research problem.

Utilizing the software programs—Adobe XD,
Adobe lllustrator, Adobe Photoshop, and Adobe
InDesign—was key for developing and designing
the final deliverables for the identified research
problem. These tools were instrumental in
developing the high-fidelity wireframe and
the series of designed signages, each playing
a pivotal role in captivating the intended
audience.

Organic Chemistry in Virtual Reality 129




THE BRAND STYLE GUIDE

Crafting a brand style guide for AXR Extended
Realities was a quintessential first step in the
development of the aesthetic style for the
thesis research of the integrated immersive
technologies such as Augmented Reality
(AR), Virtual Reality (VR), Mixed Reality (MR),
and Extended Realities (XR) within organic
chemistry education. The AXR brand style
guide served as a blueprint and a compass
that directed the visual and thematic
execution of the final deliverables, ensuring
brand coherence, consistency, and unified
aesthetic style throughout the development
process of the final deliverables.

Selecting “AXR” or “Atomic XR” as the
company name resonated with the
integration of organic chemistry and cutting-
edge technology, which was followed by
conceptualizing a logo that visually and
symbolically represented the integration of
chemistry and emergent technologies. The
logo was a stylized representation of a VR
headset, the most recognizable symbol for
virtual reality technology. The headset not
only indicated the immersive experiences
that VR provided, but it also suggested a
gateway to new dimensions of learning,
which was the core of my thesis research.

The choice of typography and color palette
was the emphasis for the brand style guide,
which played a pivotal role in developing the

visual solutions of the final deliverables.
Museo Slab and Forma DJR Micro were
chosen as complementary typefaces.
A color palette was selected to project
professionalism, innovation, and stylization;
strategically using designed elements to
project the brand’s ethos to its intended
audience of educators, students, educational
institutions, curricula developers, textbook
publishers, and stakeholders in the ed-tech
sector.

Crafting the brand style guide was essentially
the first, foundational step of the thesis
project. It provided a cohesive framework
for the visual and thematic elements of the
final deliverables, ensuring that every facet
of the visual solution—from the logo and
typography to the color palette and its
application across all media—aligned with
the research’s objectives and messages.
This approach to brand development
highlighted the essential role of a well-
conceived brand style guide that effectively
conveyed complex ideas and innovations.
Thereby, establishing it as an essential tool in
the graphic designer’s repertoire.
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WIREFRAME PROTOTYPE

The high-fidelity wireframe solved the
research problem by offering a visual and
interactive solution, which addressed the
inherent limitations of traditional two-
dimensional representation in organic
chemistry education. The wireframe
embodied the practical application of
the research findings and the theoretical
framework by providing an immersive, multi-
dimensional experience to enhance student
engagement and comprehension.

In the research, | identified gaps in
traditional teaching methods, which the
wireframe aimed to bridge by utilizing
emergent technologies such as VR, AR,
and XR. The prototype was a practical
application demo, designed to showcase
the potential of VR, AR, and XR in organic
chemistry education. It aligned with the
research’'s focus on improving student
engagement and understanding by allowing
users to interact with molecular models and
studying chemical reactions like never seen
before. It also allowed users to participate
in simulated laboratory experiments. The
wireframe addressed research questions
regarding the challenges of traditional
teaching methods and the advantages

of immersive technologies through this
interactive medium. Moreover, the wireframe
served as a blueprint prototype to inform
curriculum developers and educators about
integrating immersive technologies into
traditional organic chemistry curricula via
the incorporated demonstrations of VR and
AR meeting pedagogical and andragogical
needs by enhancing learning alongside
traditional teaching methodologies. The
ability to manipulate molecular models
and participate in simulated laboratory
experiments in a three-dimensional
space addressed students’ long-standing
frustrations with abstract concepts and
static images. This immersive experience
improved their understanding of complex
chemical reactions and ignited their interest
and motivation in the subject.

LINK TO FINAL VERSION OF THE HIGH-
FIDELITY WIREFRAME DEMO VERSION 1.0:
https://xd.adobe.com/view/4ac49f52-60f9-
425e-09f4-cf3439806fe5-1f97,
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3D VISUALIZATION

3D visualization significantly enhanced the
breadth and depth of organic chemistry in
several ways.

MOLECULAR GEOMETRY
VISUALIZATION

Grasping the spatial arrangement of atoms
within molecules has always been crucial and
fundamental in organic chemistry. 3D models
were instrumental in illustrating molecular
geometries, such as tetrahedral carbons or
planar double bonds. They allowed students to
manipulate these structures interactively and
to foster a deeper understanding of the three-
dimensional nature of organic molecules that
could not be conveyed in flat drawings.

STEREOCHEMISTRY AND CHIRALITY

Chirality and stereochemistry were pivotal
concepts in organic chemistry, which
were easily and readily grasped through
3D visualization. By examining 3D models,
students had a firm understanding of the
subtleties of enantiomers and diastereomers,
appreciating their differences, which were
not often apparent in two-dimensional
representations. These visual tools were
particularly beneficial in elucidating the
concept of optical activity and its biological
significance.

CONFORMATIONAL ANALYSIS

3D models excelled in clarifying the concept
of molecular conformations. They allowed
learners to visualize and explore different
spatial arrangements of atoms, such as
staggered and eclipsed conformations in
alkanes, providing insights into how torsional
strain influenced molecular shape and
stability. This interactive approach was
invaluable for students in learning about the
dynamic nature of molecules.

MECHANISM PATHWAYS

Understanding the mechanisms of
organic reactions would often require the
visualization of the atoms and electrons’
movements through space. 3D models often
animated these movements, presenting
complex reaction mechanism pathways step-
by-step. Viewing reactions in 3D provided a
dynamic representation that significantly
agided in making the intricate details of
reaction mechanisms more intuitive and
accessible for students.

INTERACTIVE LAB SIMULATIONS

Virtual lab simulations employing 3D
models offered hands-on experience with
chemical reactions without the associated
risks and costs of real-world lab work. These

simulations reinforced theoretical concepts
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through practical application, enhancing the
learning experience and allowing students
to experiment with various conditions and
reagents.

MOLECULAR ORBITAL THEORY

The abstract concepts of molecular orbital
theory, such as bonding and antibonding
orbitals, would be more understandable to
students when they were able to interact
with 3D models. The visualization of orbitals’
shape and orientation helped with the
demystification of the principles governing
chemical bonding and molecular structure.

SURFACE AND ELECTROSTATIC
POTENTIAL

3D models would vividly display molecular
surfaces and electrostatic potentials,
utilizing various colors torepresent different
properties such as electron density and
polarity. This visual aid was crucial for the
understanding of how molecules interact
based on intermolecular forces affecting
reactivity and solubility.

DYNAMIC SOLVATION AND
INTERACTIONS
The real-time simulation of molecular

interactions with solvents or other
molecules in 3D models demonstrated the

solvation effects and the intermolecular
forces such as hydrogen bonding and Van
der Waals forces. These simulations offered
an animated perspective on how molecules
behave in different environments.

MACROMOLECULAR STRUCTURES

In biochemistry, a subfield of organic
chemistry, grasping the complex structures
of macromolecules like proteins and DNA
was crucial and essential. 3D models
provided intricated visualizations of these
large biomolecules, showcasing their
folding patterns and active sites, which
were fundamental for comprehending their
biological functions.

SYNTHESIS PLANNING

A clear 3D visualization of molecular
structures enhanced the ability to plan and
predict the outcomes of chemical syntheses.
Students could anticipate the potential side
reactions. Moreover, students would be able
to understand the steric effects of reactants
and catalysts on a response level, leading
to more effective and efficient synthetic
strategies.
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INTERACTIVE 3D COURSE

The “Interactive 3D Course” within the high-
fidelity wireframe prototype represented
an improvement and advancement from
traditional organic chemistry learning
applications, addressing the core challenges
identified in the thesis. Inspiration for the
“Interactive 3D Course” was drawn from and
developed from the research highlighted in
Case Study Two. The course was designed to
serve students with varying degrees of prior
knowledge in organic chemistry. It aimed
to scaffold students’ learning experience
from basic concepts to more complex ones,
compared to having proficient or expert
knowledge to navigate the complexities of
software such as the highlighted application
built in Case Study Two. The objective of the
course was to meet students at their current
learning stage, by building foundational
knowledge and understanding as well as
clarifying misconceptions.

The interactive course leveraged the
immersive capabilities of VR to transform

exploring core concepts at a deeper level.
The course enables students to visualize
and manipulate molecular structures in 3D
space by transitioning passive learning into
an active, exploratory process. Hands-on
interactionwiththe contentdirectlyresponds
to students’ desires for a more engaging and
intuitive learning format, addressing the
challenge of navigating complex concepts
with limited background knowledge.

Additionally, the prototype improved
upon existing applications by introducing
layered learning experiences. It began
with foundational concepts to ensure that
individuals with minimal prior knowledge
could participate and benefit from the
lessons. The tool was also a good refresher
for experts who needed to brush up on
understanding the foundational concepts.
Interactive features included molecule
manipulation and examination within avirtual
or mixed reality space, directly facilitating a
deeper understanding of organic chemistry

passive learning into an active, exploratory principles.

process. It allowed students to visualize

and manipulate molecular structures in 3D

space, interacting with textbook content and
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EXTENDED REALITIES LAB

The Extended Reality (XR) Laboratory
detailed in the High-Fidelity Wireframe
Prototype represented the advancement
and improvement of existing software
applications for teaching organic chemistry.
Drawing from the insights and limitations
highlighted in Case Study One, Case Study
Three, Visual Analysis One, and Visual
AnalysisThree;the XR Labhad been explicitly
designed to bridge the gap between
traditional two-dimensional representations
of molecular structures to an immersive,
interactive three-dimensional visualization
facilitated by VR and AR technologies that
failed to be implemented in Case Studies
One and Three.

The research underscored the need for
improvement of traditional education
methods in certain areas, particularly
in subjects like organic chemistry that
would significantly benefit from spatial
visualization and hands-on experimentation.
Thelimitationwas evidentintheconventional
depiction of organic molecules and chemical
reactions, often requiring students to use
creative mental spatial visualization to
understand complex molecular interactions.
The key factor to innovation here was the
transition from static two-dimensional
models to dynamic three-dimensional ones.
The XR Lab adeptly met the challenges
identified in the case studies and thesis

problem by transforming the student
experience through three-dimensional
engagement with molecular structures,
reactions, and interactive course content.
Such an immersive approach fostered
a captivating educational environment,
bolstering active learning and enhancing
the retention of complex concepts.

In a traditional lab, due to cost or safety
concerns, specific experiments carry
inherent risks or may be unfeasible. The
XR Lab circumvented these issues by
providing a secure, controlled setting
where students could experiment freely
without the dangers or the necessity for
extensive physical resources. The Extended
Reality (XR) Laboratory further exemplifies
the prototype’s user-centered design. It
provides a safe, controlled environment for
students to experiment and explore beyond
the limitations of a traditional lab setting. By
simulating real-world lab procedures, the XR
Lab fosters a deeper connection between
theoretical knowledge and practical
application, catering to the educational
needs of future professionals in chemistry-
related fields.

Pedagogically, the XR Lab was informed by
Vygotsky’'s Zone of Proximal Development
Theory, which positioned learning to be most
effective when students were challenged
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within the reach of their current capabilities
and supported by expert guidance. The
lab’s interactive features fulfilled the role
of this knowledgeable guide, enhancing the
learning experience where necessary and
applicable. In alignment with andragogical
principles, the lab's design was also
constructed to be sensitive to the needs of
adult learners, emphasizing self-direction,
relevance, and problem-solving in its
learning experiences.

Additionally, the XR Lab was adaptable,
harmonizing with Piaget’s Self-Learning
Theory, and offered customization to fit
individual learning styles and speeds. All
these theories and principles, combined
with practical application in the software,
ensured that every user could interact with
the content most effectively, solidifying the
XR Lab as a versatile and powerful tool in
organic chemistry education.
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SIGNAGE 1 -
WEB BANNERS

The visual solution presented in the web
banners offered a compelling defense to
the thesis problem by effectively translating
the concept of a transformative educational
experience in organic chemistry into a W E B B A N N E R 1
digital format to appeal to the targeted
demographic. These web banners did not just
serve as advertisements; they were visual
statements encapsulating the dynamic,
interactive learning journey AXR Extended
Readlities promised to deliver. The first banner
showcased a familiar toluene molecule with
a benzene ring. Even though still, instead of

Dive into the molecular universe
a static image, it was presented in a way that

with XR. Experience the dynamic

suggested depth and interactivity, going
from two-dimensional representation to three world of Organic Chemistry
dimensions, aligning with the thesis problem of _ beyond textbooks.
moving beyond traditional learning tools to >
immersive experiences.

The banner provoked the viewer to explore
organic chemistry more engagingly,
indicating to the users that with the

utilization of AXR, they could expect to
interact with molecules and course content
in a virtual space. Consequently, offering
them a deeper understanding of the subject.
The progression to the second and third
banners further developed this narrative. The
molecular models became more complex and
were showcased in an immersive VR headset
environment, suggesting that students could
surround themselves with the subject.
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SIGNAGE 2 -
POSTER DESIGN

The poster developed for AXR Extended
Realities subtly underlined the core
message of the thesis - the enhancement c —

of educational experiences through the A ‘ A X

incorporation of immersive technologies. - b_ >

It had been designed to resonate with the A X l X R
. . 3D MOLECULAR VISUALIZATIONS

audience that was poised on the cusp of

MOLECULAR VIS VIBUALIZATH

academic innovation; the ones who valued
both the depth of traditional learning and the
promise of new technologies.

Displaying the poster in the environments
frequented by learners and educators
served as a gentle nudge toward exploring
AXR’s possibilities. The QR code was a
straightforward path for the observers to
transition from contemplating the idea to
experiencing the platform firsthand.

The poster, thus, functioned as an advocate ! : [ | « Make iﬁ'ﬁrﬁiﬂ'ﬂ_‘an“u.ﬂ.;&nt-.

for the thesis as well as suggested that there . = Master skills and aim high.
were more new ways to learn and engage /
with complex subjects such as organic
chemistry, supporting the thesis’s vision of A = Scan to Download

seamlessly integrating technologies into o2
. . . » Google Play i & AppStore
learning without a radical departure from =]

current traditional methodologies.
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SIGNAGE 3 -

BANNER STAND

The banner stand for AXR Extended Realities
was devised to be an interactive touchpoint
for the thesis problem’s visual solution,
advocating for enhanced visualization
through immersive technologies. The main
objective of developing the banner stand
was to draw in the intended audience at
higher engagement points, such as those
in academic institutions or conference
settings. It also provided potential users
with a tangible demonstration of AR/VR
technologies in educational contexts.

The stand served as an on-site educational
prompt, encouraging students and educators
to engage directly with the AXR platform
through a live demo. Direct interaction of
the application with the users was a
crucial factor in the thesis to emphasize
the importance and significance of hands-
on learning experiences. Therefore, allowing
the banner stand to act as an informative
and experiential extension of the thesis,
constructed to intrigue, inform, and invite

active participation.
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CHAPTER 5: CONCLUSION




DEFENSE OF WORK

The inherent limitations of two-dimensional
representation in organic chemistry by
curriculum developers and textbook
publishers had been the identified problem
for this thesis research. Moreover, the lack of
depth and interactivity were components of
the inherent limitations of two-dimensional
representation, resulting in suboptimal
visualization that could potentially hinder
learning, engagement, and comprehension.
After a considerable amount of extensive
research studies and literature review, |
found the gaps existing in the prevailing
research. Therefore, | developed a high-
fidelity wireframe prototype to serve as a
comprehensive blueprint for developing a
software application that would seamlessly
integrate emergent immersive technologies
with conventional teaching methodologies
into traditional organic chemistry curricula.

While the traditional educational curricula
had been foundational, they were often
limited by their reliance on two-dimensional
visual aids. These two-dimensional visual
aids would often fall short of conveying
the intricate nature of organic chemistry
to students. By introducing immersive
technologies as the answer to bridge
the gaps, my visual solutions effectively
shattered these fundamental limitations.

Students were permitted to explore

molecular models in a three-dimensional

virtual or extended space, which allowed
them to witness dynamic chemical reactions
and engage with interactive content beyond
the capabilities of traditional textbooks.
Consequently, these interactions have
proven to significantly enhance both student
engagement and their understanding
of fundamental concepts. It was also
the solution to the identified problem
by curriculum developers and textbook
publishers to enhance student engagement
and comprehension.

My innovative approach addressed and
resolved the thesis problem by providing
a tangible, immersive experience that
traditional methodologies alone could
not offer. The high-fidelity wireframe
prototype is a blueprint for integrating
immersive technologies into organic
chemistry curricula. By allowing direct
interaction with the content and offering a
simulated experiment platform, it addresses
pedagogical and andragogical needs,
enhancing learning alongside traditional
teaching methodologies. The development
and implementation of this prototype
highlight the importance of a user-centered
approach in educational technology,
promising a more engaging, accessible, and
effective learning environment for organic
chemistry students.
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FURTHER DEVELOPMENTS

The prospects forresearch and development
of integrating emergent technologies
with traditional teaching methods have
been boundless. These technologies had
the potential to transform the learning
landscape across multiple disciplines,
offering immersive experiences that would
cater to various learning styles and needs.
The development and expansion of these
technologies within organic chemistry
education served as a pivotal example of
their transformative potential.

Within this XR application, the full version
of the AXR Extended Realities could be
developed to full completion. Specifically,
by enhancing key components of the XR
lab, completing sections like the molecular
database, and reactions in the 3D section
would be abundantly engaging. The full
version of the XR lab would include a
comprehensive suite of features, from
safety protocols to virtual lab projects, XR-
Spectroscopy, Historical Experiments, and
research. Furthermore, the completion of the
molecular database section would include
detailed data on all organic compounds,
providinganinvaluable resource for students
and researchers. A molecule database,
combined with the “Reactions in 3D” section,
should offer unprecedented interactivity,
depth, and learning opportunities. By
exploring chemical reactions in a three-
dimensional space, students could achieve

a nuanced understanding of molecular
interactions and reaction dynamics. The
ability to pause, rewind, fast-forward, and
rotate elements of chemical reactions
would enhance the learning experience,
making complex concepts more accessible,
engaging, and understandable. The “Build
Organic Molecules” section represented
another significant advancement, allowing
users to construct molecules from basic

building blocks to advanced structures.

Looking beyond organic chemistry, the
success of these immersive technologies
in enhancing education could be replicated
across various disciplines. From biology
and physics to history and art; VR, AR, and
XR had the potential to revolutionize how
subjects would be taught and understood.
For instance, in biology, VR could simulate
complex ecosystems or cellular processes,
while in history, AR could bring historical
events to life, allowing students to explore
ancient civilizations in three dimensions.
The versatility of these technologies would
be their adaptability to suit the specific
content and learning objectives of different
fields, offering a customizable and dynamic
approach to education.
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FURTHER DEVELOPMENTS

CHALLENGES OF DEPLOYMENT
AND IMPLEMENTATION

The prospective journey of deploying and
implementing emergent technologies such
as VR (an extension to extended realities
technology) in organic chemistry education has
been filled with opportunities and challenges.
These opportunities and challenges would be
significant, and the product life cycle process
would need to be employed. Although the
transition from traditional to immersive teaching
methods was not just for technological upgrade;
it involved complex layers of adoption, ranging
from pedagogical and andragogical adjustments
to infrastructural enhancements. Therefore, the
potential benefits of these technologies, such as
the enhancement of student engagement and
the deeper comprehension of complex concepts,
could be sources of optimism and hope. The
impending hurdles and strategic considerations
necessary for effective implementation and
widespread adoption are outlined below:

The discussion involving technological
accessibility and infrastructure to ensure
widespread access to emergent technologies
such as AR and VR was fundamental. This
included the necessary software and support
systems alongside the availability of hardware
such as extended reality devices to be utilized.
Institutions may face significant initial costs and
logistical challenges in equipping classrooms
with these technologies. Future development

must consider cost-effective solutions and
scalable models to ensure that these immersive
tools are not limited to well-funded educational
institutions but are accessible across diverse
educational settings.

The successful integration of AR and VR into
the existing organic chemistry curriculum
was a significant challenge that required the
collective effort of curriculum developers
and educators. In turn, it necessitated careful
alignment with educational goals and existing
content standards. By collaboratively designing
instructional materials that leveraged
extended realities technology such as VR, one
could enhance learning outcomes without
overwhelming students or diminishing the value
of traditional learning methods. This collaborative
approach would ensure the valued inclusion of all
stakeholders.

The effectiveness of new technologies in
education depended on the teachers and
professors who implemented them. It would be
essential to provide comprehensive training and
continuous support for educators to become
proficient with emergent technologies. The
training must cover the technical aspects and
pedagogical strategies to integrate these tools
effectively into teaching practices.

While extended realities could potentially
increase student engagement through interactive
and immersive experiences, there was a risk of
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exacerbating educational inequities. Ensuring
that all students have equal access to these
technologies was critical, to addressing the
needs of students from various socio-economic
backgrounds and those with disabilities to
prevent the creation of new learning barriers by
emergent technologies.

The impact of extended reality technology, like
any educational tool, on learning outcomes
must be rigorously evaluated through academic
assessment and feedback gathered from
students and teachers about their experiences.
The insights gained from these evaluations
should guide the iterative refinement of these
technologies, ensuring they meet the evolving
needs of education systems.

The deployment of AR and VR technologies must
be navigated with a keen awareness of privacy
and ethical issues, particularly concerning
data collection and the psychological impact
of immersive technologies on young learners.
Establishing robust ethical guidelines and privacy
protections was vital to safeguard students and
build stakeholder trust.

Beyond the initial excitement and novelty of
extended reality technologies, the long-term
sustainability of these emergent technologies in
education depended on their proven effectiveness
and integration into regular teaching practices.
Ongoing investment in technology updates,
content development, and teacher training would

be necessary to keep the momentum and ensure
these tools stay relevant.

To conclude, by addressing these challenges
head-on and developing comprehensive
strategies to overcome them, the integration
of emergent technologies such as AR and VR
in organic chemistry education could move
from a promising innovation to a fundamental
component of modern educational practices.
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FURTHER DEVELOPMENTS

CHALLENGES IN VR DESIGN

Designing within extended reality such as VR
could equally be an exciting and rapidly evolving
field, combining elements of traditional graphic
design, user experience (UX) design, and 3D
modeling. Unlike more established design
disciplines, extended reality design was still
in its infancy, leading to a world of untapped
potential. Additionally, there was not a universally
recognized one-size-fits-all method, allowing for a
wide range of creative approaches.VR technology
has been advancing at a staggering pace, with the
tools and platforms available for VR design that
offer a myriad of capabilities and interfaces. The
constant adaptability of designers to a specific
technology fostered a dynamic and innovative
design process.

VR offered a fundamentally different interaction
model from other media, providing users with
the freedom to move and look around in a three-
dimensional space, interact with objects in unique
ways, and experience a sense of immersion and
presence.Designing for this environment required
a deep understanding of spatial interactions,
user ergonomics, and multisensory experiences,
which were still areas of active research and
experimentation, offering exciting opportunities
for discovery.

In graphic design, principles and standards
related to layout, typography, and color usage

were already established. However, VR design is
still developing its own set of best practices and
standards.Issues such as how to effectively direct
user attention in a 360-degree space, manage
motion sickness, and ensure accessibility were
still subjects of both academic and practical
exploration. Motion sickness, in particular, has
been a significant challenge in VR design. The
immersive nature of VR could cause discomfort
and disorientation for some users. Therefore, the
mitigation of this effect was a key consideration
in design. Effective VR design often requires a
blend of skills from various disciplines, including
graphic design, 3D animation, psychology,
cognitive science, and software development.

The interdisciplinary nature of VR design has
been its strength that allowed for a diverse range
of perspectives and approaches. The specific
application or experience being created, and
the background and expertise of the designers
could significantly influence the design process.
Furthermore, there existed acknowledged
research gaps in VR design that needed to be
addressed by developing a deeper understanding
of effective strategies and techniques, to highlight
the importance of interdisciplinary collaboration
in pushing the boundaries of VR design.

Given VR'simmersive and interactive nature, user-
centered design approaches, including iterative
testing and adaptation based on user feedback,
were quintessential. In VR design, the user’s

experience was paramount in understanding
their needs and preferences. Therefore, those
elements became the key to creating effective
designs, which was the reason why iterative
testing and adaptation based on user feedback
were integral parts of the design process. What
worked wellin a traditional design context may not
translate to VR, making continuous user testing
and adjustment a vital part of the design process.
Currently, VR design is more about leveraging
various techniques and approaches tailored
to specific project needs rather than following
a single correct method. As the field matures,
more standardized methods may emerge. In
turn, this led to the conclusion that VR design
would remain a dynamic and evolving discipline,
where creativity and innovation were essential.
Therefore, researchers and practitioners were
actively exploring how to create user-friendly
and effective VR environments, highlighting
a significant research gap and a wealth of
opportunities for innovation.
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FINAL THOUGHTS

From enhancing organic visualization
chemistry through AR/VR technology, case
studies, visual analysis, and 3D digital
models to final deliverables underlined the
importance of incorporating technological
innovation with science-based traditional,
educational methodologies to increase
student engagement, improve the
comprehension of abstract concepts,
and enable visualizations of complex
processes and reactions. Therefore,
through my research, it became
increasingly evident that my endeavor
would transcend merely the elevation of
organic chemistry pedagogy. It contributed
to a broader ongoing discussion about
how technology’s revolutionary power
could fundamentally alter educational
landscapes across all fields of study.
My journey through this research had
intricately woven together my academic
and personal passions, forming a rich
mosaic of exploration and innovation that
| hope would catalyze others to push the
boundaries of their fields.

My research has been a testament to my
growth as a scholar, innovator, and educator.
The final deliverables guided future
explorations in integrating technology
into education, which would represent a
step toward reimagining how we teach and
learn, promising a future where education
would be more engaging, interactive, and
tailored to the needs of every student.
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