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Abstract
Education has been falling behind the constant technological developments, staying put
with traditional teaching materials in a classroom setting. Not fully utilising the advan-
tage of the constantly innovative approaches in the technology sector. This has made it
hard for education to avoid these traditional methods and look towards new approaches.
Gamification has been shown to increase student motivation, engagement, and student
knowledge retention. This study is motivated by the potential for gamification to make
education more enjoyable for the user and increase the user’s knowledge retention in
studying anatomy.

The study was designed as a quasi-experimental cross-over setup to compare the efficacy
of a developed gamified learning tool called ’BioLab’ with the traditional classroom
learning materials students would see. Being able to fully understand the impact
gamification has on users in understanding the topic, the study assessed the results
using Cohen’s d, t-tests, and K-means clusters to analyse the improvement rates of the
participants. In addition, the study received quantitative and qualitative feedback from
the participants to measure their motivation and engagement.

The findings from this study indicated that a gamified learning tool can play a huge role
in improving knowledge retention in students. Some students increased their scores
more than others by using a gamified tool. This could indicate that students who struggle
with traditional teaching methods could gain a lot from using gamified learning tools.
The study provided evidence that gamification can significantly increase the study of
anatomy.
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Chapter 1

Introduction

1.1 Motivation

In modern education, we are at the crossroads of technology and traditional learning
methodologies, giving rise to new and technologically advanced approaches that redefine
how knowledge is acquired and engaged. Among these, gamification in education is a
valuable tool in combating a lack of motivation and engagement, merging the fun of
gaming with academic learning. This research was prompted by my interest in how
gamification can make learning more enjoyable and effective, especially for a generation
that has been brought up with technology.

The digital era has introduced us to learning that doesn’t have to be inside a physical
classroom, becoming more accessible, engaging, and personalised. This project is born
out of a desire to explore the intersection of information technology and education,
focusing on gamification to enhance educational outcomes.

Gamification represents a shift in education, promising to make learning more inclusive
and adaptive to students’ diverse needs. It can combine technology and educational
pedagogy by using different tools to aid various aspects of education. It explores how
game elements can transform education, making learning more than just a task that the
student has to do but something enjoyable.

1.2 Project Goals and Research Questions

The overall goal of this project is to increase learning through gamification. I am doing
this by utilising technology and gamification to aid the learning retention of anatomy-
related topics. Students who have grown up with technology are more motivated and
engaged by using new digital materials to help their education. [38] This indicates
increasing knowledge retention in students studying medicine and other related topics
to gain helpful knowledge and skills quicker than with traditional tools.

• RQ1: How does using a gamified learning app impact people’s short-term reten-
tion of anatomical knowledge compared with traditional learning methods?

1



Chapter 1. Introduction 2

– RQ1.1: To what extent does a gamified learning tool increase knowledge
retention over traditional learning materials?

– RQ1.2: Is there a difference in knowledge retention using gamification,
which can be measured based on gender?

• RQ2: How does student engagement with anatomical content differ between
gamified learning environments and traditional paper study?

• RQ3: Does the integration of gamification into anatomy education improve
student motivation?

1.3 Theoretical Framework

Self-Determination Theory (SDT) Self-Determination Theory [31] suggests that
motivation comes from the need for ”autonomy, competence and relatedness”. This
can be used with gamification to create an environment in which motivation comes
from users feeling in control. Gamification can allow users to control every aspect
of the game at their own pace; they can also master the game, fulfilling the need for
”competence”. Gamified learning platforms allow users to pick their path and complete
tasks they want at their own pace, allowing them to complete challenges that match
their skill level. Using the theoretical framework of SDT highlights how gamification
can engage and motivate users.

ARCS Model of Motivational Design The ARCS Model of Motivation Design stands
for attention, relevance, confidence, and satisfaction. Gamification can satisfy all of
these feelings and be used as a framework to create learning materials and tools to
improve users’ motivation.

1.4 Current Problem

Biology education has not been able to keep up with technology changing [19]. Instead,
it has relied on traditional teaching methods. Traditional teaching materials are less
inclusive and less accessible than digital teaching materials and methods. [46, 17]

In this project, I will increase the efficacy of learning anatomy by increasing students’
motivation and engagement and making the learning tools more accessible to users.
Traditional materials are less accessible. For example, you must be in the classroom to
hear and see what the teacher is teaching. In general, gamification and digitalisation of
education have been used to combat this.

However, digital education does not come without problems. The digital divide and
gender inclusivity are essential aspects that must be considered when producing learn-
ing materials. Gamification must address these issues to become a transformative
educational tool.

This project aims to address these challenges and clarify the framework for effective
implementation. It seeks to provide a comprehensive understanding of how gamification
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can be tailored to the individual and how this can improve the student’s motivation and
engagement.

1.5 Structure of Dissertation

This dissertation is split into four different chapters:

Chapter One: Explains the motivation for the learning tool being created, the research
questions which are trying to be answered, and the current problems with digital
education and gamification.

Chapter Two: I look at the background of Biology education and how technology has
been integrated with education. I will also present the educational pathology I aim to
use in my project. This section also includes sections on gender in gamification and
different methods in which IT tools are effective in education.

Chapter Three: In this chapter, I set out the research design, explaining what type
of research will occur. Who will participate, and what they will be doing? In addition,
I will lay out the framework of what ’BioLab’ is and how different aspects of the
gamification tool can be used to aid the retention of knowledge from the user. I will
then explain the data I’ll collect in the study and how it will be used in the analysis.

Chapter Four: In this chapter, I will set out the results collected from the study
participants. These results will then be used to prove why traditional learning methods
are less effective than gamification in education.

Chapter Five: Discuss the results and how they answer the research questions. I will
then also speak about the study’s limitations and any potential improvements that can
be made.



Chapter 2

Background

2.1 IT in education

As technology has changed, education has changed alongside it. The internet and the
downsizing of computers have enabled a whole new way of teaching. New ways of
teaching through video format and gamification have taken centre stage in the learning
of ‘Gen Z’ [25]. A whole new generation is being brought up in the digital age. Due to
this educators have had to take a different approach to teaching. Not only has technology
increased learning efficiency [3] using tools such as digital whiteboards and computers,
but it has also increased the capacity of education and enabled people previously unable
to access education to access educational resources, resulting in a more inclusive and
equal learning environment. [35] In summary, incorporating technology into education
is not just a trend but a fundamental shift in how teaching occurs and knowledge is
acquired.

Gamification is a relatively new way in which learning institutions can teach students. It
harnesses game design to engage and motivate students and deliver on the core curricu-
lum. The syllabus comprehensively and simultaneously employs strategies that support
a deeper and more nuanced understanding of a wide range of subjects. Focusing on
different methodologies and learning outcomes is essential to understand the benefits of
gamification. As with teaching, additional gamification attributes lead towards different
set of results. A key gamification element is its flexibility in accommodating diverse
teaching methodologies and learning outcomes. Other attributes, such as competition,
teamwork, exploration, and problem-solving, can be added into the learning experience.
This allows educators to tailor the teaching approach to align learners with specific
learning techniques, making it a useful tool for addressing different learning preferences
and outcomes. Some of these include:

1. Experience points, Levels, Leader- boards, Challenges, Badges (For Engagement
and participation)

2. Points and prizes (For Motivation)

Integrating these features into a gamified learning experience led to higher engagement
in the course. [4] One key aspect evident from this research paper was the involvement

4



Chapter 2. Background 5

increase of over “511%” in replies to posts and an “817%” increase in new thread
questions created about the course. [4] Students also noted how they found the course
more engaging and motivating. Having these attributes would be of high importance
at all levels of education. Another example of gamification in the classroom can be
seen in secondary school science classrooms, where gamification leads to increased
motivation and engagement. [23] A recent study focused on gamification techniques
alongside augmented reality found increased student achievement and surpassing learn-
ing outcomes in courses it applied to. This study was conducted during the COVID-19
pandemic when virtual learning became the norm, and thus, student engagement became
a high priority. The use of gamification played a pivotal role in enabling the students to
continue learning while engaging with other students simultaneously. [24]

Gamification has since increased in popularity and is being used worldwide, not just in
the classroom. Using technology to further gamification in education has meant a more
level playing field regarding who has access to what. It is no longer the case where only
a select few students can access all the resources. Technology is bringing down the wall
in terms of a more equitable learning landscape, and no matter where you are from or
how much money you have, technology has been able to ‘level the playing field’ [35].
Furthermore, gamification has enabled students to tailor their learning experience to
their learning styles, allowing people to get more out of using gamification to learn.
Technology has strived to make education more and more equitable but hasn’t always
succeeded. This is evident from the ‘tech divide’ in education. The schools with the
highest budget can also afford the best equipment. Gamification can help tackle this by
offering a web experience that anyone can access without needing the most up-to-date
technology. Instead, the servers are running most of the background work, which means
that the technology used to access the website doesn’t matter.

2.2 Gender roles in gamification

Historically, educational methods have not been looked at through the lens of gender
inclusivity. However, analysing gender in gamification is essential to help us understand
possible links between gender and how each individual learns. Various techniques and
methods for teaching have proven to be more effective for different people.[14] For this
reason, it is essential to remember this for gamification. One highlight of gamification is
its ability to cater its learning environment to the learner. Hence, gamification is better
equipped to teach people with vastly different learning styles than traditional teaching.

Gender roles are a specific topic that seems to come up a lot in the role of gamifica-
tion. Gamification techniques found disparities in students’ learning outcomes based
on gender. [14], [23], [16], [7] While Denden and Khan found differences towards
the effectiveness of gamification based on gender and other personality differences,
Chapman and Bressler did not. In the Denden study, 70% of the participants were male.
This is not an accurate representation of the whole population, and as a result, this
study has low external validity. While Bressler’s study focused on the gamification of
science in secondary school pupils, it found that gender didn’t play a part in the learning
experience and the outcome of student’s enjoyment and engagement of the course. This
study focused on a small group of students, only 67. However, there was a relatively
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equitable split between genders. It again found that gender didn’t play a role, as seen in
other papers. [15] As with these papers, the younger the students are, gender is seen
to have a lower impact on students’ engagement. This leads us to the hypothesis that
the younger the student is introduced to gamification, the less gender plays a role in the
efficacy of such a tool.

We can see the potential for bias in these studies in their participant selection. The
gender imbalance, paired with the lack of participants, makes it difficult to convey
meaning without bias accurately. In addition, many factors, such as socioeconomic
factors, previous gaming experience, and confidence in technology, were not included,
which could mean the results have low external validity.

One significant conclusion that we can draw from these studies is that age is a vital
variable. We can see that the younger the student is, the lower the gender’s impact on
their engagement levels. This highlights the early stages as a critical factor in bringing
gamification into education.

2.3 IT and biology in education

As the digital age has progressed, so has the education of biology. This integration
has resulted in significant advancements, from incorporating Virtual Reality (VR) and
Augmented Reality (AR) to using instructional videos and gamified learning experiences.
Recent advancements in VR have made it possible for medical students to visualise their
learning differently. Visualising different aspects of human anatomy without having a
subject in front of them leads to a more interactive and accessible education.[42]

One particular use case for this is when medical professionals use VR for surgical
training and planning. This technology has enabled a much cheaper and more reliable
way of planning for surgery. Previously, doctors would have to have silicone moulds of
bodies made if they wanted to test a set of skills but can now use VR repeatedly. Studies
conducted with medical professionals using VR to train found they performed up to
”43% faster” [28] than doctors who didn’t train using VR. This highlights how using
technologies such as VR has enabled faster medical knowledge uptake.[42]

As well as VR, many other aspects of technology have been used to teach students
in secondary schools. From collaborative laboratories [36] to multimedia resources.
[21] All increase students’ motivation to take biology courses. Increasing students’
motivation would impact their achievement levels. [20] Using multimedia tools such
as YouTube has enabled students to visualise biology on a cellular level thanks to
animations, video and photos taken from microscopes, which have been put onto
multimedia platforms. All of this has enabled students from around the world to
experience and learn together.

Biology has recently embraced gamification towards its teaching. By allowing for
games to be created that enable students to learn more about biology, these students will
be more motivated and engaged with this subject. By including gamification in biology,
we can see a clear trend of increased motivation and engagement about the subject and
improved academic performance, which can be gained from these learning tools. [19]
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2.4 Assessing the effectiveness of IT in education

There are many different ways to measure the effectiveness of IT in education, as well as
the main options such as qualitative assessments and attendance. Such metrics include:

Metrics Outcome Cite

Attendance and Punctu-
ality

Higher attendance and punctuality
throughout the academic year lead to
higher student achievement. This is due
to the student being able to absorb more
information and engage more in the
learning environment.

[18, 13, 44]

Participation in Class Class and learning materials such as a gam-
ified learning experience has shown that
student motivation increases.

[5], [2]

Homework and Assign-
ment Completion

Students’ engagement with material
throughout the course show how they un-
derstand the topics.

[41], [40],
[30]

Using Learning Re-
sources

Materials such as videos and games shows
heightened learning motivation from stu-
dents.

[38]

Peer Collaboration The collaboration between students high-
lights a greater understanding of the con-
tent being taught. It emphasises engage-
ment and teamwork. ”When students co-
operate in small groups of between four
and eight people, they are more creative
and have better outcomes than when they
work alone.”

[48], [43],
[1], [31]

Self-Assessment Observing students’ engagement with
their assessments and subsequent actions
regarding different course components
provides valuable insights into their learn-
ing needs and strategies for achieving
course objectives.

[47], [49],
[39]

Student Surveys Surveys that specifically target student
engagement, motivation, and satisfaction
with the learning experience.

Peer Evaluation Peer Evaluation, teamwork, and contribu-
tions to group activities. ”A student learns
something and thinks she understands it.
She is tested on that learning and finds
some missing or faulty knowledge, then
she is helped to correct it.”

[31], [26],
[34]

Table 2.1: Metrics for academic success
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2.5 Overview of interactive educational tools

Learning has evolved rapidly alongside technology. One of these improvements is
the ability to learn interactively. Technology allows us to visualise and test different
strategies to reach our final learning goal. Using interactivity builds on the learner’s
ambition and feeling of achievement. Once they have learnt something new, this feeling
motivates them to learn and achieve more. [31]

Various interactive tools are used to aid education. These vary in how they are meant to
be used. The use case can affect how people learn; different subjects use different tools
to aid learning.

Web based tools One of the leading and most common tools is web-based, which
means that it is easily accessible and you don’t need expensive technology. All schools
in the UK are equipped with computers, which means that the school wouldn’t have
to go out and purchase iPads or costly technology to use web-based tools. Web-based
tools are also easily updated and can be changed remotely rather than directly on the
device. This flexibility means the data can be kept updated with the current curriculum.
Skull game [27] is a gamified web-based tool that teaches students about anatomy. It
uses a treasure hunt style of game to keep people engaged while learning. Other tools
such as ‘Mathletics’ [32] are web-based tools to teach mathematics. They are used in a
similar environment to the skull game, where students can use them at home and in the
classroom to learn about these different subjects. Web-based tools also have the highest
global outreach. Many countries cannot access tablets and virtual reality technology
in the classroom. While many countries don’t have computer access, it is much more
widely used than other technology. [11]

Application-based learning tools These include apps like Duolingo, which aims to
help people worldwide learn languages. Duolingo uses gamification techniques to aid in
this. Adaptive learning technology is used extensively in this case [33], personalising the
learning experience and questions to better cater to the individual’s needs. Some apps
have a web-based tool, such as Khan Academy [32], which caters to kids learning to
code and offers games, books, and other activities that allow for an interactive learning
tool.

The educational impact that these interactive tools have is transformative. Allowing for
personalised self-paced learning for each student has not been possible with traditional
teacher-student classrooms. However, with the help of technology and gamification,
interactive tools have become widespread, allowing students and others who want to
learn more about subjects to do so at their own pace. Improving the understanding and
motivation towards a healthy learning attitude has improved knowledge retention. [22]
This, in turn, increases student achievements in the classroom and allows for a better,
more well-rounded education.



Chapter 3

Methodologies

3.1 Introduction

In this section, I will explain the strategy that will enable us to understand how well the
gamified learning environment ‘BioLab’ performs against more established learning
tools currently available. The primary aim of this section is to detail the rationale behind
the BioLab’s design and workings. I have compared BioLab to ‘Traditional learning
materials’ in today’s classroom environment.

I will also lay out the foundations for ’BioLab’, a tool that will be used to answer the
research questions previously posed. I have also designed a study using participants to
research the project’s efficacy. I have developed a quasi-experimental study because
it can negate the current knowledge on the topic. This is because some of the chosen
participants have a background in biology, and to avoid skewing the results. This
experiment will enable these participants to act as their control. The research design
focuses on comparing the use of both gamified experiences against current education
tools to see the effect on gained knowledge from using each learning material. I have
also taken ethical considerations to ensure participant consent and privacy, and a section
will follow in this chapter dedicated to all the moral implications of this study.

3.2 Research design and rationale

Research design In this study, I used a Quasi-experimental within-subjects, cross-
over design. This study allows participants to use both the gamified learning tools and
traditional textbook-style learning guides. I split the participants into two groups and
gave Group ’A’ the textbook-style learning guides, while Group ’B’ got the gamified
learning tool first. Then, once they have spent precisely twenty minutes learning, they
will take a small test to gauge their current knowledge of human anatomy. Once they
have finished this test, they will swap learning materials and spend another twenty
minutes using these materials to learn about the human anatomy. Once this time has
finished, I will again test them to gauge their knowledge in the area to see if it has
increased and by how much.

9
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I chose a quasi-experimental design because it can conclude whether the gamified app
can cause an improvement in learning outcomes. It does this by controlling individual
learning differences from prior knowledge and isolating the potential causal effect of
the gamified learning tool. Within subjects reduces the variability caused by people’s
prior knowledge in the area they are being tested on. As the subjects are exposed to
both the gamified learning experience and the textbook style, their current knowledge
wouldn’t hinder any research outcomes. Cross-over helps to mitigate the effect of
potential confounding variables like gender, age, and discipline.

Rationale To ensure that the comparison of both of the learning tools is the same, we
make sure that the conditions of the study are constant. This is done through the use
of identical test questions for both groups. This means we can attribute any observed
improvement in scores to the learning materials used. The random assignment of the
groups ensures that there is no selection bias in the groups, enhancing the validity of
the study’s results. Once the results have been received, statistical analysis, such as
t-tests and Choen’s d, will be performed. These are used to measure and evaluate the
significance and importance of the differences in the learning outcomes.

There will be some limitations to this study that will not be able to be fixed due to the
time scale of the test. As each participant will have to spend an hour using both sets
of materials, there is a potential for fatigue among the participants. This could hinder
their results in the second test as they get bored from the repetitive nature of the study.
There is also the chance that there are potential learning effects from repeated exposure
to materials, meaning that the participant’s knowledge will hypothetically increase over
time just by being exposed to any set of materials on the subject. However, this is
catered for as we measure the knowledge increase from tests one to two. We can still
measure the increased performance from BioLab versus traditional learning materials.

The study can go beyond statistical significance to measure the efficacy of the learning
materials. It will also ask participants for feedback on both sets of learning materials
to gain robust evidence of the effectiveness of each tool to increase motivation and
engagement.

3.3 Participants

3.3.1 Selection Criteria

The study’s participants were selected to align with the overall objective of evaluating
the efficacy and motivational promise of the gamified learning environment, ’BioLab’.
Given the focus on education at the university level, it was essential to the study that the
participants primarily consisted of university-level students who are used to learning at
such a level. A select group of educators and professionals supported these participants.
Some educators specialise in biology to ensure a broad perspective on the learning
experience across different user groups.

Primary Participant Group The main group of participants in the study were univer-
sity students. These included students currently studying an undergraduate or master’s
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course from various degrees. The choice of this group as the primary participant group
is because of the assumption that these individuals are the most representative of the
end users of ’BioLab’.

Age Range: The mean age of the student participants was around 21 years, accurately
reflecting the age group of undergraduate students at university. As these university
students learned during the coronavirus pandemic, it was assumed that they were
familiar with both traditional and digital teaching methods. They provided the study
with a balanced perspective on the gamified learning experience.

Additional Participant Group The study needed educators and professionals to
compare and contrast the two methods to ensure that the goal of increasing academic
achievement was met, and including educators in the evaluation meant that the feedback
received from this group of participants would be able to identify better differences
between the benefits of gamified learning and traditional learning. It also meant that
we could study the appeal of gamified learning from participants less versed in digital
learning techniques.

Background Knowledge Some educators have a biology background, meaning they
have a critical understanding of the content in BioLab. The professional insights
educators from all backgrounds will bring to assess the content’s accuracy, engagement
level, and effectiveness are valuable.

Exclusion Criteria Participants who have previously learned anatomy using gamified
learning environments were not included in this study, which ensured that it was the
participants’ first time using this learning environment.

I spoke with a biology educator during the curriculum development for ’BioLab’. They
helped guide the curriculum that the users would learn. Using this professional knowl-
edge in the area meant that the curriculum of BioLab closely matched what students
would learn as they studied in university. Ensuring the efficacy of the curriculum was
very important throughout the study as this gave the users a well-rounded education,
starting with ’easier’ to learn bones and moving on to gradually harder and more com-
plicated bones. The educator who aided in the curriculum was not included in the study
as they already had a reference to what they were expected to know.

3.3.2 Demographics

The study also ensured that demographic information, such as age, gender, field of study
for student participants, and area of teaching for teacher participants, was collected.
This data was secured in an online digital format before the start of the study. All of the
data was secure and anonymous for the privacy of each participant.

An essential aspect of our study was to focus on participants from various demographics.
This is to ensure the efficacy of the gamified learning materials. It also allows for a
more in-depth analysis of the study’s results. For example, comparing the difference
between the sciences and a humanities subject could help us uncover a learning retention
difference in a subject discipline. It enables us to identify any differences in the
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effectiveness of ’BioLab’ for each group of students. Another possible correlation
would be age and gamified learning experiences’ efficacy.

3.4 Materials

3.4.1 Traditional Teaching Materials

This study will use traditional teaching materials and compare them with BioLab.
Traditional teaching materials consist of materials used in a classroom teaching setting.
This includes annotated diagrams that the teacher could run through and give handouts
to students to learn in their own time.

Figure 3.1: Annotated skeleton taken
from Encyclopedia Britannica

Figure 3.2: Annotated skeleton chest
taken from Encyclopedia Britannica

The traditional teaching materials used in this study came from the Britannica website.
[8, 9, 10] This was to ensure the accuracy of the control information being used for
learning. It was also crucial as Britannica, one of the world’s most famous scientific
journals, is a ’standard’ in today’s textbooks. Therefore, it was the perfect candidate to
be the traditional teaching materials.

The content from the Britannica website aligns with the overall objective of medical
students’ requirement to learn and memorise the bones in the human body. The content
had annotations around each bone, allowing for complete chest and spine coverage.
These clear and precise annotations meant that the diagrams printed three pages worth
of diagrams.

Specific sections of the Britannica were taken out and printed for participants to learn;
they were free to write on and highlight anything they required. The sections we focused
on were the chest and spine; this is in to coordinate with the curriculum in ’BioLab’.
The participants were guided through how the study expected them to use the annotated
diagrams. They were given materials such as highlights, pens, pencils, and some spare
paper to allow them to learn just as they would with traditional textbook materials.

By leveraging the comprehensive and authoritative content available through Britannica,
we could establish a solid foundation for discussing and comparing the efficacy of the
two learning tools.
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3.4.2 BioLab

BioLab integrates anatomy topics into a gamified learning experience, increasing
engagement and motivation for learning anatomy. The game aims to use different types
of pathology to stimulate the users into learning more than they would with traditional
learning materials.

3.4.2.1 3D Models

Figure 3.3: Mockup design of BioLab 3D Model

One of the main features of BioLab is the Skeletal 3D Models. These models will be
used everywhere in the game, from the quizzes to the AR and exploring the skeleton
section.

By providing full, anatomically correct models of the skeletal system, BioLab will be
able to provide a comprehensive learning tool. Allowing users to explore the skeleton at
their own pace. The educational benefit of enabling the users to manipulate and examine
the skeletal structures themselves allows for a greater understanding. [29, 45] It makes
the students feel like they managed to find this out by themselves. This reinforces the
learning pathology about self-guided learning [12], strengthening their understanding
and supporting their motivation to learn more.

The 3D models were also made to have interactive capabilities, such as zooming in and
rotating. They allow the user to have a complete and total view of every human body
bone from every angle. Clicking on each bone highlights it and enables the user to find
more information about it.

3.4.2.2 Augmented Reality

Augmented Reality will also be added to BioLab Mobile. This will allow the user’s
phone to view the 3D model of the skeleton in the same room as them. They can move
around it and inspect the skeleton from all angles. They are visualising the skeleton in
the real-world context, which enhances the spatial understanding of the skeleton and
increases the user’s engagement due to the trivial nature of using AR to view a skeleton
in your room.
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The final result will allow the user to interact with the skeleton easily. The user can
place the skeleton anywhere on a flat surface. This means you can have a life-sized
skeleton right before you with just a click of a button. In addition, the user can rotate
the skeleton without having to move around the room; this increases the accessibility
of the app as it means that users with decreased mobility can still use this aspect of
the game. Finally, users will be encouraged to click on different parts of the skeleton,
allowing them to find out the name of that bone and highlight the bone so they know
which bone corresponds to which. While the bone is highlighted, it can still interact
with the skeleton in all previous ways.

This AR feature will only be available on the iOS version of the game, but the web
version will have an interactive 3D model where you can use your mouse to interact in
the same way as you would in AR.

3.4.2.3 Quiz’s

BioLab will allow users to test their knowledge using its specific body part quizzes.
These quizzes are tailored to each player and start with much more straightforward
questions, designed to get more challenging over time. Helping the user get acquainted
with easier bones and build a foundation. As previously mentioned, this was coordinated
in tandem with a Biology teacher, enabling the matching of the current university
curriculum. The quizzes constantly return to previous questions to reinforce the user’s
learning. The user can increase the difficulty by going to the next level, which brings
out new sets of questions and new ways of answering these questions.

Figure 3.4: Mockup design of BioLab Questions - Using 3D Model

Sets of Questions:

• Multiple Choice allows the user to see possible answers to the question. For
example, in level one, the quiz shows a 3D model of the skeleton with a bone
highlighted. The users must correctly select the answer out of four possible
options. This will help the user form an understanding of the concept that is being
shown in the gamified learning experience. [31] These questions are beneficial as
they allow the users to have immediate feedback on their answers.
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• Fill in the blank - This set of questions allows the user to type in the missing
word. The game will highlight the bone and give the words, if any, beside
the disappeared word. Allowing the user to make one mistake, the game will
notify them that they have made a mistake and encourage them to try again. The
algorithm will also check if they have mistyped the word and give them a prompt
saying they are close to the correct answer.

• What’s this bone - Much like in ’Fill in the blank’, this question type will prompt
the user for input. However, there will be no hints, and the user must type in the
whole bone name. This reinforces the learning that has taken place through the
quiz, as it is the last question in the quiz.

• Select the bone - One of the more challenging levels is selecting the bone. This is
when the user is given the name of the bone, and they have to use the 3D model
to determine the bone they think it is and submit it. Users have lives that they
lose if they offer the wrong bone to make it more competitive.

All levels in the quiz will provide immediate feedback. These include incorrect answers,
correct answers, and close answers. Feedback is also given at the end of each quiz,
summarising how the user did on that level, including their score and how many stars
they got. Stars are used as a mechanism to drive users to try and beat their previous
score. They will obtain three stars for full marks, two stars for 75% and one star for
50%. These ’Badges’ increase engagement and participation in the game.

3.4.2.4 Database integration

Users’ progression and scores are all collected inside a Heroku database. This will
enable the keeping of a record of all users and their progression statistics. Keeping
all this information means we can display usage information for the users and allow
them to see their current high score for each level and how they can improve. Seeing
previous scores helps motivate the users and increases their engagement in the game.
[31] BioLab leverages the desire for achievement and recognition to help build the
user’s knowledge. The game allows for elements such as ’Stars’ to be given to users
when they score highly. This will enable them to see their current star total and try to
increase their number of stars. Keeping these statistics can allow for future features
such as tracking from teachers to see students in their class and track their progress as
they take quizzes and obtain stars.

The server’s data is encrypted and cannot be accessed without two-factor authentication
from Heroku and MySQL. Even if you could access this, the data would be encrypted
to be unreadable. This keeps the user’s data secure without worrying about any third
party seeing sensitive information.

3.4.2.5 Multiplayer

The game will also make use of a multiplayer feature. This feature promotes collabora-
tive learning [48, 43, 1, 31], as the users play against each other as they race to answer
as many questions correctly in a given amount of time. The two players will be aware
of the other players’ scores in real-time as they are updated because they are integrated
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with Pusher. Pusher notifies the user when the other player has joined, their score, and
when they have finished. Pusher is integrated with the Heroku database using PHP calls
back and forth. The questions are randomly created when both users join the game.

The randomised questions are generated when the players join to ensure that each
multiplayer game is unique and a fair challenge to both users. This prevents rote learning
and encourages players to fully understand the material rather than just memorising
the answers to specific questions. The social aspect of a multiplayer game benefits the
users by promoting both a competitive and collaborative learning experience for them.
Social learning environments have many benefits created by the multiplayer feature in
BioLab. Learning alongside and against peers increases users’ engagement, and their
motivation to win increases the retention of anatomical knowledge.

3.5 Learning sessions

The learning sessions are designed to evaluate BioLab’s efficacy while negating any
possible effect of participants’ prior knowledge of anatomy. The session is structured to
ensure that the participants must use both traditional learning materials and BioLab and
then are assessed on their knowledge retention and understanding.

Introduction and Setup: The session starts with a brief introduction where the par-
ticipants are asked to fill out the forms required to participate. Then, the procedure is
explained to them, such as what they will be learning and what materials are provided.
In addition, a short demo of the app is given to the user so they understand how to use it.
This included a tour of the app’s features and how to access the quizzes. Ensuring the
participants were comfortable navigating the app was very important when comparing
the two materials. I didn’t want the participants to be hindered by not understanding
how the application worked.

The instructions included the learning objectives that the participants were expected to
learn. In this study, it was the names of the chest and spine bones.

First Learning Phase (20 Minutes): Half of the participants will be learning using
traditional paper materials in this phase. They are encouraged to take notes and explore
the content thoroughly. The paper materials come from the Britannica website and are
printed out for the participants to learn and retain as much knowledge as possible.

While this is taking place, the other half of the participants will enter into BioLab, where
they can explore the features and quizzes to learn about anatomy. They will use BioLab
to try to retain as many bone names as possible.

First Test: After the 20 minutes, the participants all take a test. To ensure the study is
fair, the test must be the same between the two groups. The test covers aspects of the
human chest and spine, representing what the participants have been learning for the
past twenty minutes. The tests last 10 minutes, but they can finish earlier if they wish.
The test is designed to assess their retention of knowledge around anatomy.

Second Learning Phase (20 minutes): After completing the test, participants switch
the learning materials they were on previously. This cross-over design ensures that the



Chapter 3. Methodologies 17

participants can experience all learning materials to measure each method’s efficacy.

Second Test: Once the twenty minutes are up, the participants again take another test
assessing their retention of anatomy knowledge. Again, we have to ensure that both
of the tests remain the same between the two groups to ensure that the study is fair
between the two groups.

Environment Setup

BioLab is available through the web, meaning users must access the internet through
their computer. While the participant takes part in the study, support is offered at all
times if they have any technical questions relating to BioLab or how the test works. The
participants are also welcome to take breaks between the learning and testing phases to
ensure they are not exhausted by the questions and the topic.

3.6 Data Analysis

I initiated the analysis with t-tests, which served as the primary tool for detecting imme-
diate differences in test scores for the two learning methods, ‘BioLab’ and traditional
learning materials. This choice was due to the paired nature of the data, with each
participant experiencing both materials. The paired t-test is well suited to this study, and
it enables us to see the direct effect of each learning method on the same individuals,
thereby controlling for inter-participant variability.

In addition to using t-tests, I used ‘Cohen’s d’ for each participant’s data. This involved
calculating the difference between the mean of the two tests (one test for BioLab and one
for the traditional learning materials) and then dividing the difference by the standard
deviation of the scores across both conditions. This means I could understand the
significance of the difference between the two learning materials and understand and
quantify the effect of any gamified learning experience.

I also analysed the users’ demographics and compared this to the efficacy of the learning
materials using the t-tests and Cohen’s d. This will give me the interactions between
variables such as age, participant background subject, and previous learning experience.
This analysis helped explore whether the learning materials’ effectiveness varied over
different groups of people and what group saw the most significant increase in test
results due to ‘BioLab’.

Using all these statistical methods meant that I could assess the results comprehensively.
As discussed in the next section of this thesis, I evaluated the efficacy of gamified
learning compared to traditional methods. I painted a detailed picture of the landscape
of the learning tools, aided by grouping participants into sub-groups of their chosen
field or speciality. Due to all of this, I was able to have a deep understanding of how and
when using a gamified learning experience surpasses traditional methods of learning.
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3.7 Control for confounding variables

In the study, I wanted to ensure that the findings were not biased in any way. To this
end, I implemented strategies for controlling confounding variables. Firstly, randomly
assigning participants to either the BioLab or the traditional materials group mitigated
their prior abilities around anatomy. In addition, the cross-over type of study indicated
that each participant was their own control. They would act as their baseline from the
first test, and we could see the improvements made from the study materials used.

As the study wants to measure many aspects of the gamified learning materials, the
participants take a questionnaire about what they currently study/specialise in at the
start of the participation. And their prior exposure to digital learning. This data was
used to create subgroups within the study, which could be used to examine the effects
of these variables on knowledge retention. To ensure that everything was as unbiased
as possible, all the learning materials were standardised across the two groups, and all
participants had access to all the same features.

While the participants were studying and taking the test, they were encouraged to
mitigate environmental factors. Noise and distractions were urged to be minimal
throughout the study for all participants.

3.8 Ethical considerations

When the participants agreed to participate in the study, they received a comprehensive
consent form detailing what the study was for and how it would be used. The form also
described their rights as participants regarding their data and privacy.

The participants were informed that it was a voluntary study and they could withdraw
themselves at any point. If they chose to do this, all data relating to themselves would
be removed from the study.

To protect the privacy of all participants, the data collected for the study was anonymised
and not linked in any way to any of the participants. The data was stored in an encrypted
manner that was compliant with GDPR.

In addition to these considerations, special care was taken to ensure the well-being of all
participants using the digital gamified learning experience. To ensure that there was no
distress from the usage of ’BioLab,’ there was a feedback form to submit any concerns
from any participants.

3.9 Limitations

While this study provides valuable insights into the efficacy of gamified learning through
BioLab compared to traditional methods, it has limitations. Although the sample size
is sufficient for detecting significant differences within our study population, it may
limit the generalisability of our findings to broader populations or different educational
contexts.
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The short-term nature of the study restricts our understanding of long-term retention of
anatomical knowledge post-intervention. Future research should consider longitudinal
designs to assess the durability of learning gains.

Additionally, the study’s reliance on self-reported measures of engagement and mo-
tivation may introduce bias, as participants’ perceptions may not fully reflect their
actual learning experiences. Objective measures of engagement, such as time spent on
tasks or interaction rates with the learning materials, could provide a more nuanced
understanding.

Finally, the study’s setting, predominantly virtual due to the constraints of the current
educational landscape, may influence the outcomes. The physical learning environment
and its interaction with digital tools warrant further exploration.”

3.10 Summary

In this chapter, I explored my methodologies during the study. These methodologies
were used to check the effectiveness, engagement, and motivation of the gamified
learning environment ’BioLab’. I then compare these results with the results from
traditional learning methods when learning about anatomical knowledge. The study
used a quasi-experimental within-subjects, cross-over design to ensure that bias and
previous knowledge of any participant related to anatomy did not cause any bias.
Participants included university students, as these students have had the most exposure
to online materials and teachers with and without a background in biology. This ensured
a broad range of perspectives on the gamified learning tool.

The study’s idea and design were to answer the question about the efficacy of retaining
anatomical knowledge. Participants were randomly assigned to one of the two groups
to either start with ‘BioLab’ or use traditional learning materials. These traditional
learning materials came from the Encyclopaedia Britannica to enforce strict correctness
and ascertain the actual effectiveness of these tools. The groups would then swap over
to the other learning materials, with testing taking place between the swap to measure
knowledge acquisition and retention.

‘BioLab’ has unique features such as 3D models, augmented reality (AR), quizzes,
and a multiplayer component. These elements are strategically designed to enhance
engagement and educational outcomes, making it a promising tool for anatomical
learning. Learning sessions were structured around these materials, providing equal
opportunity and exposure to both methods before testing.

I also acknowledge some study limitations and how they could be overcome. These
included a small sample size because the study took participants over an hour to partake
in. In addition, the short-term nature of the study meant that I couldn’t measure the
effect each learning material had on the long-term retention of information. Finally, the
fact that the measures of engagement and motivation were self-reported meant that I
was unable to back up these claims as well as could have been done without using, for
example, eye tracking software.
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Results

4.1 BioLab

In this section, I plan to discuss the final result of BioLab’s development. I will review
the challenges I faced and the features that I implemented. I’ll also discuss the features
that could not be created from the original concept. Finally, I’ll delve into the technical
considerations made during BioLab’s evolution.

Figure 4.1: BioLab 3D human skeleton
annotations

Figure 4.2: BioLab 3D human skeleton
annotations - Highlighting the zoom and
rotation capabilities

3D Model BioLab’s interactive 3D model is central to its approach to creating a unique
and interactive experience for users. This is why the 3D model was developed first. The
ability to interact with the model by zooming in and rotating the skeleton around is
trying to resemble a hands-on learning experience as best as possible.

The 3D model came from a high-fidelity object file [6]; this served as the base of the
3D skeleton. This file was then inputted into Blender, where I separated each bone.
Then, the object file was added to the Unity game file, where I used C++ to label every
bone in the human body as a separate object. This was a time-consuming process as
there were over 200 bones to label individually. This only had to be done once to ensure
each bone had an anatomically correct label. Features such as zooming in and rotation
required intricate coding through C++ using the prefab of the skeleton to ensure that the
positions of all of the bones would stay relative to the skeleton as a whole. To ensure
that the user would be able to click on each of the bones, I had to create a raycasting

20
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script to detect where the user was clicking down on the skeleton; the raycasting was
very important as the script wouldn’t know the exact position of the skeleton due to
previous rotations and zoom effects. This feature was particularly difficult to implement
as the code would have to scan through the JSON file to find to correct name of the
bone each time the user clicked on a new one. This information mapping to the 3D
model results in a highly interactive model encouraging the user to explore and discover
the human anatomy.

Quizzes The quiz feature added to BioLab would help build an educational framework
for the users. I wanted to include the interactive 3D model in the questions so that the
user could interact with the skeleton to find the correct bone and explore its positioning
with respect to the whole skeleton.

The quizzes had differing difficulty levels to enable the user to progress at the rate that
they felt comfortable. This builds foundational knowledge before moving on to harder
and more intricate sections of the human anatomy. All aspects laid out previously in the
methodologies came to fruition and allowed for a seamless integration of the model and
all questions.

There were some technical challenges with the questions, such as accessing the JSON
file to generate a random question for the user and then mapping the answer to the
correct bone to highlight said bone successfully. The score had to be kept by the code,
and then at the end of the quiz, the user could assess their final score. This score would
be pushed onto the database using PHP and integrated into the C++ script.

Figure 4.3: BioLab Quiz - Fill in the
blank

Figure 4.4: BioLab Quiz - Select correct
bone

Augmented Reality I also developed an augmented reality aspect of BioLab; this
was only available using the mobile app, as I utilised the phone’s camera to place the
skeleton into the room. User interactions and accessibility were very important during
this implementation, allowing the user to rotate the skeleton without moving around.
This offered a 360-degree view of the human skeleton inside your room.

The implementation process with the AR was very difficult. The technical work that
went into it required a lot of C++ coding and raycasting technology. It was developed
using Unity AR. The most challenging aspect of this function was detecting where the
user was trying to place the skeleton, it would have to detect the floor and then raycast
the touch input into where the user was tapping. This would place the skeleton in this
position. However, it was very temperamental at first and would change the size of the



Chapter 4. Results 22

skeleton to various sizes. Once I mapped the object file’s origin onto the skeleton’s feet,
it became more easily manipulated.

The next challenge was detecting the difference between the user touching the skeleton
to find the name of the bone and swiping to rotate the skeleton. To simplify this, I added
a button on the side to enable the user to switch between the ’Rotate’ and ’Select’ modes.
This allowed the user to switch between the two modes as they wanted. Allowing for a
fully interactive and personal learning experience using BioLab.

Figure 4.5: AR BioLab Mobile

Multiplayer I also completed a multiplayer game where users could match up against
each other and compete in a race to answer as many questions as possible in a timed
environment.

Figure 4.6: Multiplayer feature on BioLab

This feature led to many difficulties in creating, most notably enabling real-time com-
munication between the two players, which was the most difficult. I used Pusher [37]
to create this communication between the two players using a generated random game
code. When the first player presses create a game, the code generates a game code,
which is sent to the database using PHP. At the same time, a Pusher channel is created
and subscribes to the channel using the same game code. It then waits for the second
player to join. When the second player inputs the game code, an event in Pusher notifies
the original player that they can start the game, enabling real-time communication
syncing. As this is taking place a PHP script lets the Heroku database know that the
game has been joined by both players and it can generate the game questions which
will be sent to both of the players at the same time.
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Using Pusher allowed for real-time communication between both players. Each player
could see their score and their opponent’s score in real-time. This feature played into
education pathology around peer learning and collaboration. [31]

Database Another feature of BioLab that is not visible on the front end but is the most
vital feature of the project is its database. The database stores the user’s information,
progression statistics, questions asked to users, teachers’ information, and multiplayer
games. Without this database, BioLab would not be able to function.

There were many difficulties creating the database at the start. I used Heroku to store the
online information, and a MySQL database was attached. This enabled a web platform
for users to use the game and allowed for the simultaneous storage of needed database
information. Integrating the C++ scripts from the Unity game to call PHP scripts from
the Heroku web platform proved troublesome. The scripts would have to be called at
the correct instance, error checking would have to take place, and authentication in
the C++ script would have to ensure they are accessing the correct PHP script and not
requesting unnecessary information. These asynchronous calls to the database allowed
large amounts of data to be sent to the user and back to the database, where it could be
stored later.

This database was essential in developing BioLab, enabling personalised learning
experiences for users. It allows users to access their progress and continue where they
left off.

4.2 Participants Data Gathered

Name First Test Score Second Test Score
BioLab Traditional BioLab Traditional

Mean 6.45 4.25 7.33 7.00
Standard Deviation 1.37 2.05 1.15 1.84
Cohen’s D 1.25 0.22
T-statistic 3.06 0.51
P-value 0.00643 0.61390
Statistical Measure % Improvement

Traditional BioLab
Mean % Improvement 6.58 127.22
Standard Deviation % Improvement 15.03 133.31
Cohen’s D 1.24
T-statistic 3.11
P-value 0.00957

Table 4.1: Statistical Analysis Summary
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4.2.1 Cohen’s d

Cohen’s d measures the effect size (the significance of the difference) between the two
groups using standard deviations. In this case, how significant the score differences and
improvement rates of the learning tools are. It does this by measuring the mean and
the difference in standard deviations away it is. The effect size tells us how strong and
significant the difference is between the two groups that are being compared. A higher
Cohen’s d means a more statistically significant difference there is.

Cohen’s d starts at 0 (this is no effect size, meaning that there is no difference between
the two groups) A Cohen’s d value of 0.2 is a small difference between the two groups,
0.5 is a medium difference, and 0.8 up is a significant difference between the two groups.
The higher the cohen’s d the more significant the difference in their mean.

Looking at the data from the table, we can see that Cohen’s D from the first test is
1.25. This shows that there is a large and strong effect size. Highlighting a significant
difference between the group using BioLab and the group using traditional methods.
This indicates that the group using BioLab had significantly higher scores than the
group using traditional methods.

Moving on to the second test, we see that Cohen’s D score goes down to 0.22. This
shows us that there is no significant difference in the participants’ scores. This indicates
that the order in which the user takes ’BioLab’ compared with traditional methods did
not matter.

Moving onto the percentage of improvement of the individual participant. This again
showed a substantial Cohen’s D value, meaning that the improvement of participants
using BioLab was much higher than that of the participants who used Traditional
methods. Participants who used traditional methods first experienced a significantly
higher improvement level when switching to BioLab, compared with participants who
used BioLab first and then switched to traditional methods. This supports the hypothesis
that BioLab is effective in helping improve users’ understanding of anatomy. It could
also indicate that the experience with traditional methods first enhances the impact of
subsequent BioLab use.

In conclusion, we can see that users first gain an advantage from using BioLab in test
scores. However, when the groups switch over to the opposite set of materials, we can
see that this advantage is diminished, which leads us to assume that the order of using
BioLab does not affect the user’s ability to score highly in the second test as long as they
are exposed to BioLab at some point. This is evident from the percentage improvement
levels as the improvements from using traditional first and then moving onto BioLab
are statistically significant. This finding supports our initial hypothesis that gamification
can significantly improve students’ knowledge retention.

4.2.2 T-test’s

The t-test for Test 1 produced a t-statistic of 3.06 with a p-value of 0.00643. This
p-value is well below the conventional threshold of 0.05, indicating that the difference
is statistically significant. This means that we have evidence to suggest that the scores
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from BioLab in Test One are significantly higher than those from the traditional methods.
This confirms that Cohen’s D that we also got from the same group, further indicating
the efficacy of BioLab.

For Test 2, the t-test did not show statistical significance, as the P-value of 0.61390 is
much more than 0.05. This indicates that any differences in the mean scores between the
two groups are not statistically significant. This leads us to a new hypothesis: once users
are exposed to both learning materials, they will have a better and more well-rounded
knowledge of anatomy, as long as they have exposure to using BioLab.

The percentage increase from Test One to Test Two shows that the T-test is 3.11 with a
P-value of 0.00957. This shows a large significance in the percentage increase users
get from using BioLab compared to Traditional methods, indicating that users using
BioLab improved at a much more significant rate.

In summary, the effect size and statistical tests suggest that in Test 1, BioLab signifi-
cantly impacted participants’ scores significantly more than Traditional methods. In
contrast, Test 2 did not show a significant difference between the methods, which might
imply that the impact of the learning methods was more similar in the second test once
the participants had used both sets of learning materials.

4.3 Analysis

4.3.1 Test One

BioLab has a median score of 7.0, this is a high median score by users which means
that participants on averaged scored highly. The mean was close at 6.45, this means
that there where a few outliars as seen from the graph which scored slightly lower than
expected. This is seen from the narrow interquatile range of 0.5, this means that the
scores were very consistent among participants. There are three outliers, two of which
scored five and three, respectively, and one scored above average at eight.

Traditional methods has a median of 5.5, this score still means that most of the par-
ticipants were able to score more than 50% on the test. As many participants had
no background in anatomy, they picked up all of this knowledge from the traditional
teaching materials. However the Interquatile range seen from using the traditional
materials was very large at 4.0, this indicates that there was significant variability in the
scores among the participants. However, there were no outliers, meaning no one could
score above 6.

4.3.2 Test Two

BioLab has a median score of 8.0, which is 100% in the test. This means most users who
used BioLab second scored full marks in the test. The interquartile range is, this time,
1.0; this is still relatively narrow and shows us that most participants in this group could
score within this range. The scores were very consistent between all of the participants.
There was a single outlier which scored five in the second test, however this participant



Chapter 4. Results 26

Figure 4.7: Boxplots representing the scores achieved in tests one and two depending
on the participants’ learning materials.

Figure 4.8: Boxplots representing the knowl-
edge increase from tests one to two, split up
by the learning materials used in the second
test.

scored two in the first test using traditional teaching methods, which highlights that this
participant still improved their score by 150% since using BioLab.

Traditional methods has a median score of 8.0 as well, this again shows that a majority
of participants where able to score a full marks. The interquartile range, however, is
slightly more extensive at 1.5, showing somewhat more significant variability in the
scores compared with BioLab. There was again a single outlier, which scored two. This
was less than their score in the first test, this seems like an anomaly in the test taking as
opposed to the standards of the tests.
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4.3.3 Percentage Increase

I also wanted to compare and visualise the spread of the improvement in scores between
the different learning materials, so I created a box plot with whiskers. This will show
the percentage increase in score that each participant got after taking either one of the
two learning materials.

The participants who learnt using BioLab before taking the last test showed a very large
rate of improvement. The median improvement was 46.665%. This is a very large
increase in scores from taking the first test. In relation to the quiz, which is scored out
of eight, this means that each participant would get around four extra questions right
since using BioLab. The interquartile range for this is very high, which tells us the
spread of the participant’s average improvement was very high. The interquartile range
was 154.50%. This is because many participants got more than 200% improvement
in their score, with one participant getting a 400% increase in their score after using
BioLab. The lowest improvement for any of the participants using BioLab second was
17%. This participant scored very highly on the first test and only improved their score
by one.

Looking at the traditional method improvement, this had a median of 14.290%. This is
a relatively low improvement from test one to test two. The interquartile range seen
was also 14.290%. This shows that the spread was not very high, indicating that most
participants could not improve their scores as much as the users using BioLab. This
could indicate either the materials were less accurate than BioLab or that the participants
could learn more efficiently using BioLab. This is evident from the most significant
improvement from a participant using traditional materials, which was 20%, compared
to the lowest from using BioLab at 17%. This highlights a stark contrast in improvement
between the use of the two materials.

4.3.4 Conclusion

In conclusion, these graphs highlight that the difference between the two learning
materials enables the participants to gain more knowledge using BioLab. However,
again, we can see that it doesn’t matter in the order of usage by the participant, as in
both cases (if they use BioLab first or second), they can score very similar scores.

4.4 Confounding Variables

This section will explain the implications of the different confounding variables explored
in this study. I will compare different attributes that could change the tests’ results. I
will compare the two sets of materials, how the confounding variables behaved with
them, and their implications.

4.4.1 University Students vs Teachers

In this part of the study, I looked at university students and teachers and how they
interacted differently with the learning materials they were given. I also looked at the
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Figure 4.9: Boxplot showing the improvements made comparing university students and
teachers with BioLab and Traditional methods

improvement rates of their scores and compared this to whether they were students
or teachers and what learning material they were using. For the participants who are
currently studying at university and using BioLab, a median percentage improvement
of 150% was shown. This was a very high score, signifying that university students
gained a lot from using BioLab. This alludes to one of my research questions regarding
the efficacy of digital learning for users who are well-versed in digital learning. As well
as this, there was an IQR of 253.5%. This is a very substantial spread. This suggests
high variability, which implies that the BioLab method has been very effective for some
students, but its effectiveness may vary from student to student.

Some reasons for this high spread could be variations in learning styles, with some
students preferring a more interactive and digital environment. More hands-on, self-
guided learning will take place in BioLab. It is also important to consider a novelty
effect, where introducing a new learning method boosts performance for some time as
users are excited to try something new.

The teacher group has a very different pattern from the university students. The median
is 33% and has a very small IQR of 0.33. This much smaller median improvement and
a very small IQR mean that the BioLab method provides teachers with a consistent but
smaller boost. This slight boost of around 33% contrasts with the 150% observed by
the university students.

The very tight spread could be because additional novel teaching methods do not mean
significant performance gains due to time or cognitive load constraints. It could also be
that many teachers have become accustomed to teaching a subject rather than having to
become a student in this example. They are taking on this new role, which could lead to
a steep learning curve that they will have to overcome.

For the university students group, the traditional materials showed a median improve-
ment of 14.29%. This is a much more modest improvement compared to what was



Chapter 4. Results 29

seen during the university students using BioLab. The IQR was also 14.29%. The
traditional learning materials, being much more textbook-based and less interactive than
BioLab, give students a more modest improvement on their original test scores. The
IQR highlights that this experience is relatively consistent throughout. This shows how
traditional teaching methods are somewhat effective for students to acquire knowledge
on the subject. However, the inability to cater to diverse learning styles, such as in
BioLab, where students can learn in their style, makes this method less effective.

For the teacher group, we also observe the same median improvement as the university
group, at 14.29%, but with an IQR of 10.72. This means that while the median is the
same for both groups, the spread among teachers is less, signifying that teachers are
able to use these materials more effectively on average than university students.

This could be due to the teaching experiences teachers have grown up using and teaching.
They are familiar with these textbook-style materials and can learn more effectively
from them. At the same time, university students who went to school and university
during the pandemic, when they had to start learning online using more dynamic and
digital materials, have become less familiar with these types of materials.

Overall Implications

The implications of these findings highlight how effective BioLab is at teaching univer-
sity students compared to traditional methods. We can observe a considerable difference
in the mean of the two sets of materials for university students. We can see the efficacy
of BioLab from this and infer that university students can benefit from more interactive
learning methods. Teachers might require a combination of learning strategies to push
for higher improvement.

The high spread in the university group’s results means that university students are not
a ’One size fits all’ group. They will require more personalised materials to achieve
higher scores. Being able to cater to self-learning was done using BioLab. However,
there are also opportunities for adapting more learning styles to bring the spread down.

Conclusion

This study shows how important it is to cater the learning methods to the student. The
success of BioLab with university students suggests that digital learning can improve
educational outcomes for students. However, it is also important to note that the
effectiveness has a high spread across this could, this calls for even more personalised
teaching methods to cater towards more students enabling for a more inclusive learning
experience for anyone that wants it.

Conversely, the modest and consistent gains observed among teachers using both
BioLab and Traditional methods suggest that professional learners may benefit from a
more balanced mix of digital tools and established materials.



Chapter 4. Results 30

Figure 4.10: Boxplot showing the improvements made comparing university students
and teachers with BioLab and Traditional methods

4.4.2 Gender and Sector

4.4.2.1 Gender-Based Performance Improvement with BioLab

In the introduction chapter, I discussed gender roles in technology and gamification. It
was previously highlighted that gender inclusivity is neglected in educational methods.
Gender inclusivity is one of the most critical pillars in teaching a topic effectively.
This was important during the development of BioLab, as previous papers had seen
disparities in students learning outcomes based on gender, particularly a paper by Jared
R and Peter J [16] where they found different gamification attributes caused different
outcomes based on the sex of the participants.

One specific gamification tool they looked at was feedback on questions. This was an
essential attribute of a gamification experience to determine if the questions were correct
or incorrect. They found that feedback was more beneficial for female participants
compared to males. An essential attribute that gamification can offer is a well-rounded
and multifaceted approach to tackling many different tools to cater to a wide range of
student’s needs and learning styles. Gamification aims to bridge the gaps in gender-
specific education.

The findings of this study on gender-based performance improvement with BioLab shed
some light on this discussion. The study observed significant median improvements for
female and male participants using BioLab. This reiterates the adaptability of gamified
learning environments.

Splitting up the percentage improvements from female and male participants who used
BioLab led to the following results. For female participants using BioLab, they had a
median percentage improvement of 96.5%. This shows that female participants were
able to benefit massively from the gamified learning environment. The IQR was 93.25%.
This somewhat medium IQR means that there isn’t much spread in the change of
improvement rates and provides a consistent experience among the majority of female
participants compared with the male participants.
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The study’s findings indicate that the interactive and self-guided learning materials in
BioLab aligned well with the participants’ learning styles. The consistent results also
suggest that the gamified elements effectively engaged the female learners, and this
translated into tangible results, as seen in their improvement from test one to test two.

The male participants’ findings gave us a very similar median improvement of 91.665%;
this shows that most participants using BioLab could improve at the same rate regardless
of gender. However, male participants had a much wider IQR at 229.4175%. This
significant IQR indicates that while male participants generally benefitted from BioLab,
the spread of the individual participants was much more critical. The efficacy of BioLab
depended greatly on the individual male participant.

The large spread in outcomes for the male participants could be due to various factors.
For example, it could be due to the diverse range of engagement levels seen with the
gamified content, which would be due to individual differences in learning techniques.
Also, this previous gaming experience could factor in how comfortable the participant
was with gamification and the interactivity of the game design.

Age

The study also looked at the variance of age. Age played a significant factor in the
efficacy of the gamified learning experience. As the participants’ age increased, there
were more pronounced gender differences than in younger students. Younger students
displayed no gender variance in efficacy, while older participants saw this variance
increase slightly; however, this had a minimal impact on the overall differences in the
study.

The study showed the benefits of BioLab’s inclusive and personalised gamified learn-
ing. Offering a more personalised and inclusive design led to higher improvement
rates in both Female and Male participants. Inclusivity plays a significant role in the
effectiveness of learning tools and aids in educational pathologies.

4.4.2.2 Sector-Based Performance Improvement with BioLab

When looking at BioLab’s efficacy, it becomes important to examine users’ different
backgrounds and how they react differently to the gamified tools. In creating a per-
sonalised environment, it’s important to cater to different learning styles from various
sectors. The different sectors exhibit unique learning strategies with the gamified tools.
It is also important to note the different prior exposure to digital tools that the other
disciplines may have used.

Humanities Sector Performance

Students from the Humanities sector showed a median improvement of 133%. This
shows a significant improvement rate for participants from tests one to two. However,
there was a large IQR of 267%. The broad IQR indicates a high variability, which
shows that some students in this sector achieved remarkable improvement while others
experienced much less improvement. The variability of the results could be inducive to
the subjective nature of humanities subjects.
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Science Sector Performance

The science sector displayed a median improvement of 96.5%. While this is a lower
median improvement from the humanities participants, this still reflects a very high
improvement rate of nearly doubling the participant’s score. The IQR was 121.5%, this
is much lower than the humanities subjects, this shows that there was less of a spread
and more consistent results from the science sector.

One important note that comes from this sector would be students studying medicine.
Many of the students were in their fourth year of study of medicine, where they had
to learn the anatomical components of the human skeleton. Their improvement scores
would have been affected by this, as they would have been able to score highly on both
tests.

However, the balance between the efficacy and the spread of the results in the science
sector indicated that the gamification learning styles pair very well with the disciplines
of correctness and the unambiguous nature of these subjects.

4.4.2.3 Sport Sector Performance

The sports sector had the lowest median improvement rate, at 33.33%, while still
improving from the first test, an interesting difference from the other two sectors. The
interquatile range, however, was much lower, at 66.5%. This is the most consistent of
all the sectors in the study. This suggests that while the gamification tools were less
successful, they provided a much more uniform experience across all individuals in the
sector.

While this sector had much more consistent results, the overall improvement percentage
was not close to improvements made by other sectors. This could be down to the more
intrinsic nature of sports, which focuses less on the repetitive nature of this sort of study.

Conclusion

The reasons behind these differing responses likely stem from each discipline’s intrinsic
engagement with gamified learning, BioLab’s ability to emulate the learnt characteristics
of each sector’s learning methods, and the overall engagement each individual found
with BioLab.

One way to improve the overall improvement for each of the sectors could be numerous,
it would need further study to understand each sectors most suitable learning methods
fully. For example, if a gamified learning tool were to add more of a Narrative Pedagogy,
this could help boost users who are used to humanity sector learning.

4.4.3 Conclusion

The study has underscored the differential impact of BioLab across genders and aca-
demic sectors. The platform has been able to adapt to different learning methods across
all of the participants’ backgrounds. However, there is room for improvement in differ-
ent sectors and age groups, such as improving the success rate of older learners who
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are less well-versed in unambiguous learning styles. This would help maximise the
educational efficacy of BioLab.

Future research that can be conducted on the confounding variables should investigate
the specific elements of gamification that conform with different sectors’ current learn-
ing styles. Exploring how they could be adapted into gamification to help enhance the
potential for user learning outcomes. This could help combat sectors with low median
and high spread of improvement rates. In addition, including a longitudinal design
would help measure the long-term retention rates of the participants. Being able to
measure the long term retention rates would better measure the efficacy of any learning
tool, however, in this study this was not possible due the time constraints.

4.5 K-means clustering

Figure 4.11: K-Means clusters, showing participants improvement from initial scores.
Split up based on the learning materials used before the second test.

In this study, I also conducted K-means clustering on the data. I split the data into
two groups: the group that took BioLab for the second test and the group that took
Traditional for the second test. Doing it this way meant that each participant would
act as their control when evaluating their improvement levels. For each group, the
individuals were clustered according to their Test One score and the percentage of
improvement they got from taking their second test.

In the BioLab group diagram, we observe three different clusters. The distribution
of points shows us the different levels of improvement and how they relate to their
original scores. Looking at the clusters it reveals that a lower initial score correlates
with higher improvement level, this is seen from all of the clusters visible. As seen
in the diagram the improvement levels range from 0% to 400% improvement, these
participants initially used traditional methods to learn the anatomy and then moved onto
BioLab, gaining these improvements. One notable cluster seen in this graph is cluster 0,
which initially had very low scores from traditional teaching materials. Still, it had a
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much higher improvement rate after using BioLab. This cluster represents a group in
which innovative learning materials such as gamification have allowed them to gain a
much higher improvement rate.

In the traditional group, there are also three clusters; however, they have distinctly
different distributions. However, the spread of the %improvement is less varied, indi-
cating that using traditional learning methods gives the user a more consistent learning
improvement. The improvement however is much less impressive, as these participants
originally learnt using BioLab, this implies that the added learning using Traditional
materials meant that the participant gained much less than the participants that used
BioLab after using Traditional materials.

Comparing the results and the clusters from the two diagrams, we can see the effective-
ness of the learning materials in allowing for improvement in scores. We can infer that
BioLab materials are more effective for specific individuals. However, the traditional
group shows much less variability in improvement, which could benefit users seeking
more consistent improvement rates.

These results offer a new perspective on learning tools. Students who have not previ-
ously responded to traditional learning materials may better understand topics using
gamification. Personalised learning materials for these students could benefit them
greatly, allowing them to excel using the material that better suits their personalised
learning style.

4.6 Participant Feedback

4.6.1 Quantitive feedback

Feedback Question Avg Score
Satisfaction with the game 4.67
Ease of navigation and play 4.56
Understanding anatomical concepts 4.67
Aiding memory retention of anatomy information 4.67
Effectiveness in demonstrating the practical application of anatomy 4.56
Engagement 4.56
Willingness to play again for learning anatomy 4.89
User interface design rating 4.67
Appropriateness of difficulty level 4.44
Game’s speed and performance rating 4.78
motivation to learn about human anatomy from traditional 3.00
Increase in motivation to learn about human anatomy 4.56
Preference for BioLab over Traditional (1 - Traditional 5 - BioLab) 4.86

Table 4.2: Average Scores from participants’ feedback out of 5

The feedback from the participants reveals that BioLab has been well received by
the 23 participants in the study. The very high average scores out of five reveal the
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usefulness of the game and the ease of navigation and use of BioLab. Particularly,
the average score was 4.89 when participants were asked if they would use BioLab
again if they needed to learn about anatomy. This shows the motivational pull of the
game design, which enables a more effective understanding and willingness to learn,
which translates into better results. [23] By motivating the users and driving them to
return, it subsequently improves the long-term retention of knowledge and increases the
motivation and engagement of students. [18, 13, 44]

The feedback indicates that BioLab has been able to merge the instructive expertise of
traditional learning materials with the engagement factor intrinsic to gamification. This
means that the users were not only exposed to all of the necessary anatomy knowledge
but also enjoyed the learning experience. This combination has proved a very effective
tool in increasing the rates of improvement from the study participants. The participants’
recount shows they have also enjoyed the experience.

The data indicates a positive correlation between BioLab’s interactive features and
advanced memory retention. The high score of 4.56/5.00 for easy navigation and play
shows that the game is intuitive to play and use. This reduces the cognitive load of
having to work out how to use the game and instead allows users to focus on being able
to focus on the materials used to learn.

The inclusive ability to cater to different learning styles offered by BioLab’s features
allows the user to feel comfortable and go at their own pace, increasing engagement
and motivation.

The slightly lower but still high score of 4.44 for the appropriateness of difficulty
level expresses that there could be some improvement to the levels in BioLab. Some
participants found the game hard when they first started using it, this could be improved
with future development of BioLab. They added more levels and easier sections for the
users to learn.

In conclusion, this study has shown that the motivation, engagement, and improvement
obtained from using a gamified learning tool specifically for BioLab can provide tangible
benefits for the user. Some users are able to see higher improvement scores than others,
but allowing the user to learn using the self-guided and engaging nature of games
highlights a new potential for digital tools in education pathology.

4.6.2 Qualitative Feedback

In this section, I also received qualitative feedback from some of the participants about
features they would like to see or improve in the game. This meant that I would be
able to split up the results into similar categories that were received and discuss the
categories seen.

4.6.2.1 Improve the clarity of correct and incorrect answers

This section was the most requested feature from the feedback; the participants used the
quizzes in the game and noticed that the feedback gained was not as straightforward
as it could have been. 66.7% of participants who took this survey said the same thing.
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Figure 4.12: Qualitative feedback from participants split up with the main point they
would like to see added to the game

This is a large chunk of the participants. The ambiguity of questions’ feedback should
be avoided to ensure that the users are aware of the correct and incorrect answers. This
ambiguity could lead to less memory retention as users could still be unsure of the
correct answers to certain questions. A clearer system for displaying accurate and
incorrect answers could increase the learning environment’s efficacy.

4.6.2.2 Improve zoom speed

Nearly a sixth of participants felt the zoom speed function could be improved. The
technical functions of the application are essential in keeping up the engagement. If
something doesn’t work the way people would expect it to, this causes the cognitive
load to deviate away from learning and instead focus on different parts of the applica-
tion’s technical functionality. Improving this attribute in BioLab would ensure fewer
distractions caused by my technical functions and allow the user to focus entirely on
the learning materials.

4.6.2.3 Collating incorrect answers into one quiz

Again, nearly a sixth of participants wanted a function allowing them to practice their
incorrect answers. Implementing this feature into BioLab would reinforce knowledge
acquisition from the user and cater to individual learning curves. This level of personali-
sation in the application would allow for a new level of self-guided learning [47, 49, 39],
which would help the users to be able to work on their own mistakes. This helps enable
the education pathology of mastery of the topics, and it also prioritises the customised
learning tools that gamification tries to emulate, tackling the ’One-size-fits-all’ approach
of traditional learning tools.

4.6.2.4 Conclusion

All of this qualitative feedback points to the users being engaged with the learning
materials presented to them. For example, the desire for clear feedback and improved
technical performance indicates that the users are involved in the learning process.
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They want to get more out of the application, and their engagement and motivation are
increased by using BioLab.

By implementing these suggestions, BioLab would be able to improve and offer a more
personalised design. This improved design would be able to increase the improvement
rate of users due to the increased time spent using the learning materials.

However, as this feedback is self-reported, it’s hard to tell if the provided feedback
is how the user truly felt. Without technology such as tracking eye movements, for
example, the study cannot say for sure the true motivation and engagement that BioLab
enabled. Though this data is subjective, it comes immediately after the participants have
used the application, providing valuable insight into the user’s sentiment and experience.
Future studies could incorporate different features, such as eye movement tracking, to
measure the engagement levels of the participant. This would offer insight into the
participant’s account of self-reported feedback.

4.7 Subsequent Improvements to BioLab

Figure 4.13: Quiz one indicating that the
user was incorrect and giving the correct
answer.

Figure 4.14: Quiz one indicating that the
user was correct.

In response to the study participants’ feedback, I built new features into BioLab. As the
most requested feature was clearer feedback from correct and incorrect answers, I added
this feature to the quizzes to let users know whether their answer was correct, wrong,
or close. A new response was added for text input, allowing the game to tell if the
user’s input was misspelt. This was done using Levenshtein Distance from the correct
answer. This would enable the user to try again, allowing for typographical leniency and
prompting the user to try again. This reinforces the objective of memorising anatomical
bone names through a forgiving and iterative environment.

Adding this feature has enabled a much clearer feedback mechanism for the user to
know the outcome of their answer. It also reduces the cognitive load of working out if
they got the correct answer, enabling the user to focus fully on the learning materials.
In addition, the zoom feature was improved to allow users to zoom into their choice of
bones more easily. This again allows for the cognitive load to be focused on learning
materials.

In conclusion, these additions aim to improve the user experience with BioLab. By
enabling users to focus more on the learning materials, it enables more engagement and
motivation, which links back to increased user achievement.[31]
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Conclusions

5.1 Research Questions

RQ1: How does using a gamified learning app impact people’s short-term retention
of anatomical knowledge compared with traditional learning methods?

The study in chapter four of this paper was able to answer this question in relation to
BioLab. The participants in the study using gamified learning tools achieved better
improvement rates overall than participants using traditional learning materials. This
was done by analysing the participant’s improvement rate from test one to test two and
comparing this with the order of learning materials used. After using one of the learning
tools, their first test acted as a control to gauge their current knowledge of the subject.
The study then compared this score with the score they received after using the opposite
learning materials. This showed us that using a gamified learning app improved people’s
short-term retention of anatomical knowledge compared with traditional methods. The
study analysed them using K means clustering, boxplot with whiskers, Cohens’d, and
t-tests from these results. This improvement rate was found to be significant enough to
reject the null hypothesis that traditional learning materials give a better improvement
rate.

RQ1.1: To what extent does a gamified learning tool increase knowledge retention
over traditional learning materials?

This question was somewhat answered using the research from the study in chapter
four. We could see that short-term retention from a gamified learning tool was improved
by, on average, 127.22% compared with only 6.58% improvement using traditional
learning materials. However, we could not determine whether long-term retention was
improved through gamification.

RQ1.2: Is there a difference in knowledge retention using gamification, which can
be measured based on gender?

The study participants showed little to no difference in the gamification knowledge
retention measured by gender. This was demonstrated at an early age. However, as the
participants’ age grew, there was a slight difference in knowledge retention based on

38
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their gender. However, the sample size was relatively small for female participants over
40, so this could be skewed.

RQ2: How does student engagement with anatomical content differ between
gamified learning environments and traditional paper study?

From the feedback obtained from the participants in the study, it was observed that
engagement levels compared with traditional learning materials massively improved.
The participants overwhelmingly preferred using BioLab over traditional learning
materials. This self-reported motivation and engagement meant that the participants in
the study found much higher levels of engagement with the anatomical content.

RQ3:Does the integration of gamification into anatomy education improve student
motivation?

Using the feedback from the study and the results, we find that the motivation to use a
gamified learning tool improved the participant’s motivation to learn. The participant’s
motivation improvement meant they ultimately scored higher after using the gamified
learning tool. The self-reported higher motivation score of 4.56 on average meant
that the motivation was higher than the motivation to learn using traditional learning
methods, which was 3.0 on average.

5.2 Limitations and future work

The research had several limitations due to the time frame of creating the application
and testing on the participants. The study was only able to look at the short-term
retention of knowledge instead of measuring retention of knowledge over a long time
and multiple uses. The study was only able to provide answers to immediate learning
outcomes. In addition, the small sample size of 23 meant that the results from the study
might not have much external validity. The study also relied on self-reported measures
for engagement and motivation which means that there was subjectivity in the results of
the feeback. Due to the time needed to participate in the study, which was 1 hour, a lot
of the participants had to use the application on a video conferencing platform while I
watched them use the application and answer any questions that they had on it. This
meant that they could not test the augmented reality feature of BioLab as this was only
available on the mobile version of the app.

The results and feedback from this study indicated what future work could take place.
For example, exploring the long-term retention of knowledge gained through gamifica-
tion. Doing this would be able to show the change in motivation and engagement over
time. In addition, having more participants would benefit the study as one group could
be the control and use traditional learning materials. The other group could just use the
gamified learning tool. This would build an overall picture of the improvement rate over
time using gamification instead of traditional learning tools. The groups would have
to be assessed beforehand to ensure that the participants had similar knowledge in the
area to start with. In addition, including a more diverse number of participants across
different educational backgrounds and sectors would allow for a better and a deeper
understanding of the efficacy of gamification. Future work could also be done using
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biometric data to assess the participants’ true measures of engagement and motivation.
This would remove any subjectivity from the self-reported feedback.

Another avenue that could be considered is artificial intelligence and its integration
into the game. Not only could AI be used to find new educational pathways for each
individual student to learn that best suits them. However, it could also be used in the
multiplayer section; playing against the computer would allow for individual play while
still accomplishing the educational pathology present through multiplayer activities.

In conclusion while this research has helped shed light on the benefits of gamification
in education, particularly in anatomy learning. It has also become clear that future work
can fix shortcomings in this study. The original work sets a foundation for future work
to be able to work from and help to develop new digital learning tools and materials to
help motivate and engage learners around the world.

5.3 Conclusion

This dissertation explains how gamification could increase the learning effectiveness
of anatomy using gamification. I created the BioLab app and web application to teach
learners about anatomy. It is aimed towards medicine students who wish to learn more
about anatomy as well as learners from all backgrounds who also wish to learn more.
I also conducted a study in which I trialled the use of BioLab and compared it to
traditional teaching materials. I then compared the scores users got from each learning
material and the increase in the scores they got from using the other set of learning
materials. The study showed that gamification was able to help engage and motivate
students more than traditional learning materials could.

I also showed how gamification helped engage and motivate learners from different
backgrounds. I also demonstrated how gender did not play a role in the efficacy of the
application. This highlights how educators worldwide should use gamification to teach
learners. Participants in the study who struggled with traditional teaching materials
benefited from using a gamified learning environment. Gamification can be used to
teach a bigger range of students’ needs, abilities, and learning approaches by offering a
more personalised learning experience to the users. This work highlights the need for
more research into the potential uses of gamification to teach students in the digital age.
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First appendix

Figure A.1: Results from feedback

A.1 First section

Any appendices, including any required ethics information, should be included after the
references.
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Figure A.2: Annotated skeleton spine taken from Encyclopedia Britannica

Markers do not have to consider appendices. Make sure that your contributions are
made clear in the main body of the dissertation (within the page limit).
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Figure A.3: Quiz two indicating the correct bone when the user skips.

Figure A.4: BioLab Select correct bone
Figure A.5: Green bone to show the user
where it is

Figure A.6: Bone selected by user

Figure A.7: Multiple choice bone selec-
tion

Figure A.8: Multiple choice bone selec-
tion
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Figure A.9: Full size AR Figure A.10: Full size AR
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Test Questions

Figure E.1: Example taken from Test 1
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Figure E.2: Example taken from Test 1

Figure E.3: Example taken from Test 1
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Figure E.4: Example taken from Test 2

Figure E.5: Example taken from Test 2
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Figure E.6: Example taken from Test 2
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