PROJECT REPORT

Video Games as Educational Tools

Abstract

In recent years, educational video games have been ineffective as educational tools. This has
been mainly due to players being aware that they are learning whilst playing these video games.
This leads to players being bored and not learning whilst playing the video games. This project
tries to answer the academic question, which is “Can video games teach basic educational
principles to primary school children without them being aware that they are learning?”

The project starts with discussing if video games are effective tools to teach students. The
project continues by inspecting on what role motivation plays when students play video games.
This led to consider whether different learner styles can affect students on how much they can
learn from playing video games. Using this information, research was conducted into a suitable

design methodology on how to effectively implement educational content into video games. The
research showed that students tend to prefer learning by using video games. This was because
video games tend to intrinsically motivate students to keep playing and learning. But this only
occurred if the educational content was well implemented in the video game. To ensure that the
educational content was well implemented, it had to be closely related to the game’s narrative.
The research also showed that video games can teach different learner styles equally.

A video game was created using the research conducted on the design methodology for
implementing educational principles into video games. To develop the video game, background
research had to be conducted on modern video games teaching educational principles,
appropriate tools for coding video games and suitable testing methods. The testing was done on
twenty final-year university students using a quiz and questionnaire. The results of the test were
used to answer the academic question, which showed that video games can be used to teach
basic educational principles to primary school children without them being aware that they are
learning. The project concludes with what has been achieved and a critical evaluation of the
methods and tools used during the project.
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1. Introduction

Educational video games have been used for several decades. Some of the earliest
educational video games, such as The Oregon Trail (1971), were stimulating and got
players learning. However, in recent years educational video games have not been
effective, as players have felt like they were learning instead of playing a video game.

The aim of this project was to answer the academic question, which was:

Can video games teach basic educational principles to primary school children without
them being aware that they are learning?

To answer the academic question, a video game was created with its main criteria being
that it was educational so that users would learn whilst playing.

This report presents the video game development cycle from the requirements
specification stage to the implementation stage. The video game was designed to answer
the academic question. Whilst creating the video game, the following criteria were
considered and answered:

e Selecting appropriate software to develop the video game.
e Choosing suitable educational principles to be implemented in the video game.
e Ensuring the video game was suitable for primary school children.

In addition to answering the academic question, this project also intended on achieving
four aims. They were:

1. To evaluate the use of video games as educational tools.
2. Investigate educational video games.

3. Evaluate the video game development process.

4. Develop knowledge in a scripting language.

These aims were then broken down into several objectives which were:

e Complete a literature survey and literature review on how video games are being
used as educational tools.

e Identify and evaluate game design of existing educational video games.
e Develop a suitable video game.
e Evaluate the effectiveness of the video game using appropriate tests.

e Identify video game development approaches suitable for modelling educational
video games.

e To learn and develop skills in a scripting language dependent on the tools used to
develop the video game.

e Complete final report.



The report starts with the literature review where the fundamentals of educational video
games were discussed. This includes how video games are currently being used by
educational institutions and how they cover different learner styles. The report then
continues on to the development cycle, where the video game was developed. After the
development of the video game, it was tested by twenty final-year university students.
The results from these tests were then used to answer the academic question. The report
concludes with how it met all the aims and objectives of the project and a critical
evaluation of the methods and tools used to develop the video game.

The topic area for this project is educational video games. This project will interest its
stakeholders, which are educators and game developers. The project will interest
educators as it provides data which shows video games can be used to teach educational
principles. Working with game developers, educators will be able to learn a suitable
method for implementing their educational content into video games. Game developers
will find this project interesting as it provides a suitable game development process for
the creation of educational video games.



2. Literature Review
Nalin Sharda (no date) states educational video games are systems that use digital
technology to create games for enhancing learning outcomes and have been recognized
as pedagogical tools which are engaging and effective. This indicates that educational
video games are a viable method to teach students about educational principles. Mark
Griffiths (2002) expands upon Nalin Sharda’s views by revealing that for several
decades, video games have been used as educational tools as students. This was because
students prefer this type of approach to teaching. This signifies that students prefer this
method of teaching instead of the older method. According to Mark Prensky (2001), the
reason that students prefer this method over the older method is because:

“Educators teach in an outdated language (that of the pre-digital age) and

are now struggling to teach students that speak an entirely new language

(which is post digital-age). This is because today’s students have grown

up around technology, which has resulted in them to find the current

method and pace of teaching too slow.”
This signifies that the current education system is not designed to teach today’s
students. This leads to students being demotivated and bored while at school, which
means they will not be learning. Katie McClarty et al. (2012) declares that by
continuing to provide this type of education as the world continues to evolve will not
serve the students well. This is because students are not learning because they are not
motivated to do so. This will lead to them not achieving necessary skills for the future.
James Gee (2004) stated that video games are an excellent educational tool where
students can exercise their learning muscles without knowing it and having to pay overt
attention to the matter. This means that students who tend to be bored or demotivated by
the current teaching method can learn by using video games. Video games can provide
real life examples where students will see a legitimate use for the educational concepts
(Katie Ash, 2011). This means students will be motivated to continue to learn as they
will be able to see real life scenarios where they can apply the educational principles
they have learned. Mark Griffiths (2002) expands upon James Gee points by stating that
in addition to students, teachers tend to find video games useful as it allows them to
measure student’s performance on a very wide variety of tasks. This conveys as video
games can be used to teach several different educational concepts simultaneously.
However, Mary Jo Dondlinger (2007) expresses that not all video games can be used as
educational tools. For the video game to be an effective educational tool, it will have to
motivate students and have educational principles implemented effectively. This
indicates that for video games to be considered as educational tools, it should motivate
them to continue playing whilst teaching them new educational principles. If the video
game does not teach students, they will be just getting entertained. This means that the
video game they are playing is an edutainment video game, not an educational video
game. Edutainment games are different compared to educational video games as Denis
Guillaume and Pierre Jouvelot (2005) state that the main characteristic that
differentiates them is interactivity. This conveys that where edutainment games tend to
just entertain students, educational video games will entertain students as well as teach
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them. Denis Guillaume and Pierre Jouvelot (2005) continue by stating that this leads to
edutainment games often failing in transmitting non trivial knowledge, as their main
purpose is to entertain whilst educational video games main purpose is to educate.
However, not all video games are edutainment or educational games. This leads to
newspapers tending to blame them for health and mental issues. Rob Preece (2012) said
in his article that playing video games puts teenagers at greater risk of getting diabetes.
Because of statements made in articles like this, educational institutions are reluctant to
use video games as educational tools. Nonetheless, research has shown that the negative
consequence of playing video games almost always involves people who were excessive
users. Mark Griffiths (2002) asserts that when video games are designed to teach a
certain skill, they have a great positive potential in addition to their entertainment
value. This indicates that educational video games can be beneficial if designed
correctly. This can lead to students learning new educational principles.

A significant characteristic found in video games is motivation. According to Mary Jo
Dondlinger (2007), the reason for this is that when students are motivated to play, they
will not feel like they are learning. This signifies that if the educational video game is
interesting, students tend to be more motivated to continue playing and learning. There
are however two types of motivation, which are extrinsic motivation and intrinsic
motivation. Jacob Habgood and Shaaron Ainsworth (2011) disclose that traditionally,
educational video games attempted to harness video games as extrinsic motivation by
using them as sugar coating for learning content. This indicates that educators used
video games as the motivation for students to learn. This has been proven ineffective as
students stated that they were aware that they were learning, which led to them not
enjoy playing the video games. This signifies that for educational video games to be
effective, they will have to provide intrinsic motivation instead of extrinsic motivation.
Intrinsic motivation comes from the individual and not from any apparent rewards
(Siegwart Lindenberg, 2001). This means that if the student enjoys the content of the
video game, they will be motivated to continue playing. This is not because they are
playing a video game but because they are enjoying the content of the video game.
According to Richard Ryan and Edward Deci (2000), this can result in high-quality
learning and creativity. This is because players will be motivated to learn by
themselves, and not be forced to do it. Denis Guillaume and Pierre Jouvelot (2005)
claim “As most video games deal with fun, they are a potent source of intrinsic
motivation.” This expands on earlier points by stating that intrinsic motivation comes
from doing something that the player is enjoying. This means to ensure that an
educational video game is effective; it will need to provide intrinsic motivation to
whoever is playing it. One way to guarantee this is to ensure that the goals of the video
game and the learning content are closely tied together; this will mean the rewards for
the players will be in solving challenges and learning (Mary Jo Dondlinger, 2007; Katie
McClarty et al., 2012). This indicates that if the goal of the game is to win by learning,
they will be motivated to learn. Mary Jo Dondlinger (2007) expands on what makes an
effective educational video game by stating:



“Characteristics that educational games should have to motivate students

include a system of rewards and goals, a narrative context which situates

activity and establishes rules of engagement, and interactive cues that

prompt learning and provide feedback.”
This means that for an educational video game to be effective, it should have all these
characteristics. Having these characteristics will lead to players being intrinsically
motivated to continue playing. However, Pablo Moreno-Ger et al. (2008) expands upon
Mary Jo Dondlinger’s views by declaring that there is no all-purpose solution to the
design of educational games. This signifies that there is not a set guideline for
developing educational video game which means that every educational video game will
be different to create.

The most difficult aspect of creating the video game will be implementing the
educational content effectively into the video game. This is because the educational
content has to complement the video game so that players will be intrinsically
motivated. Jacob Habgood and Shaaron Ainsworth (2011) expand upon this view by
mentioning “When the educational content is closely linked to the narrative plot it will
lead to an intrinsic motivated game. Then the enjoyment of the game will derive from
the process of learning itself.” This signifies the importance of the educational content
being linked to the narrative plotline to ensure that the video game is intrinsically
motivating. Studies have shown that effective educational video games have their
learning content closely related with the narrative plotline (Mary Jo Dondlinger, 2007).
This expands on earlier views by indicating that if the educational content is not well
implemented, it can lead to the educational video game not being effective. This can
make the difference between a video game being an effective educational tool or just
another edutainment game. According to Glenda Gunter et al. (no date), edutainment
games are not effective as they will lead to students being entertained by the video
game but not acquiring new skills or knowledge. This statement goes with the status
quo that for the educational video game to teach educational principles, the educational
content should be closely related to the game’s narrative plotline. David Harlow (2004)
signifies the importance of making a player wish to learn but also ensuring that the
video game is enjoyable and fun, and not just an interactive textbook. David states the
best method to do this is by providing continues challenges to players, which they
should solve with the knowledge they gain from the video game. This implies that the
educational content should be closely related to the video game, most importantly the
plotline and its challenges, for it to be effective.

In recent years, educational video games have not been effective. David Harlow (2004)
signifies the main reason for this is due to the majority of them having been poorly
designed, and having resembled nothing more than overdeveloped interactive textbooks.
This implies that for educational video games to be effective, they should first be well
designed. This is usually done by following a design methodology. The first step in the
design methodology is the concept, which is a list of features and educational content to
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implement in an educational video game. This is to ensure that the educational content
is related to the game’s narrative. The next step in the design methodology is to choose
an appropriate genre for a video game. However, there is no appropriate genre for
educational video games. This is because all students have a different favorite genre
which they enjoy playing video games in. Raph Koster (2005 pp. 104-105) claims the
reason for this is that “different brains have different strengths and weaknesses, so
different people will have different ideal games.” This implies that every player has
their own favorite genre suited to their strengths and weaknesses. Mary Jo Dondlinger
(2007) expands upon Raph Koster’s views by suggesting:

“To overcome this problem, the best genre to choose to make an

educational game will be RPG (Role Playing Games). RPG contains

elements of various different genres, specifically of adventure and

strategy games. This is important as studies have shown that adventure

and strategy games were found to be the most stimulating and rated the

highest.”
This indicates the most suitable genre for educational video games will be RPG as it
contains aspects of other genres. This could lead to players enjoying the video game as
it will contain features of their favorite genre. After choosing a game genre, the next
step in the design methodology is usually to create and implement the game rules. Katie
Salen and Eric Zimmerman (2004 pp. 118-125) stated that rules are one of the essential
qualities of a video game as they define it and provide a formal structure. This indicates
that the rules will create the basic structure of a video game. The rules will usually
indicate how players will play a video game. Raph Koster (2005 p. 120) suggests the
next step in a video game design methodology is to create the challenges as “they are a
part of the game content, therefore they will not change the game rules but will allow
for a different set of parameters.” This means that the challenges in a video game will
expand upon the rules, not change them. To ensure that an educational video game is
effective, the challenges should complement the educational content. James Paul Gee
(2004) suggests that “The challenges created in the game should be pleasantly
frustrating in the sense of being felt by learners to be at the outer edge of, but within
their regime of competence.” This implies that challenges created in an educational
video game should be difficult for the players but still be manageable to do. Katie Salen
and Eric Zimmerman (2004 pp. 328-361) reaffirm the views of Jacob Habgood and
Shaaron Ainsworth by stating that the challenges should be integrated with the rules of
the video game to create a larger fabric of game experience, which is important to
sustain player pleasure. Raph Koster (2005 p. 122) maintains the importance of letting
players know when they complete challenges. To implement this in a video game, Raph
suggests using a variable feedback system. This means implementing a reward for
system where players are rewarded for completing challenges. Players should be given
greater rewards for harder challenges. This will indicate to players that they have
completed a challenge and can go to the next aspect of a video game. The last aspect of
a design methodology is the actual design of the video game. Andrew Rollings and
Dave Morris (2004 p. 50) claim that the level design of a game is a significant part of
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the core gameplay as good level design will contribute greatly to the style and storyline
of the video game. This means to for an effective educational video game, the design
should be linked with the game’s plotline and the educational content. This can create
an effective educational video game where players will not only learn, but also enjoy

playing.

Every player has a different learning style, whether they are a child or an adult. There is
no research indicating that there is one learning style suited for all children in a certain
age group. This indicates that for an effective educational video game, it should have
aspects of all different learning styles. To ensure this a learning model should be used.
Walter Leite et al. (2010) suggest using Neil Fleming’s VARK model as it is the most
popular and most commonly used model. The VARK model covers three distinct
learning styles, which are visual, aural and kinesthetic. Visual learners are individuals
who learn by seeing images. An effective educational video game for visual learners
would use images, and not be just text based. Aural learners are individuals who enjoy
learning by sound. An effective educational video game for aural learners would use
sound to indicate clues. This will ensure that individuals with these learning styles will
enjoy the video game. Kinesthetic learners are individuals who learn by doing. An
effective educational video game for kinesthetic learners would be interactive to ensure
that individuals can learn from playing the game. Nalin Sharda (no date) claims that
learning outcomes depend upon the match between learning styles and those offered by
the system. This means that if the learning styles offered by an educational video game
are similar to its players, they will learn more compared to an educational video game
that does not offer the players learning style. However, research conducted by Harold
Pashler et al. (2008) contradicts the views of Nalin Sharda and indicates that users will
not learn best when they are taught in their preferred learning style. Research conducted
by Peter Fenrich (no date) expands upon both Nalin Sharda and Harold Pashler views
where it states that

“A match between learning style and instructional design can result in

increased achievement as well as better attitudes. However, when a

learner’s preferred learning style does not match the instructional design,

effective learning can still occur.”
This indicates that even if educational video games do not cover all distinct learning
styles equally, it will not mean that players of that learning style will learn less. To
ensure that every learning style is motivated to keep playing, Peter Fenrich (no date)
suggests providing varied activities so that each learner is likely to have a preferred
activity for a reasonable amount of time. This signifies that challenges in an educational
video game should have an equal amount of visual, aural and kinesthetic activities so
that all distinct learning styles will be motivated to keep playing.



3. Artefact

3.1 Development Cycle

The development cycle that was chosen for the artefact development was Winston
Royce’s waterfall model. The waterfall model is where the development is broken down
into different stages. Once a stage is completed, the user goes on to the next stage. The
waterfall model allows going back to a previous stage, which is known as splashing
back. This model was found the most suitable for the artefact development as
uncertainty and complexity were both low for the user interface design and user
requirements. This was because the requirements of the artefact were clearly understood
at the beginning of the development stage. There was a high risk for the artefact in
terms of schedule but the waterfall model is a structured approach that allowed for easy
time management.

An alternative development cycle that was considered for the artefact was rapid
prototyping, also known as evolutionary prototyping model. Rapid prototyping is an
unstructured approach in which the core artefact is produced. It is then built upon that
every time during the development cycle. Rapid prototyping was found not suitable as
there was limited time for development. Rapid prototyping requires time so that a
prototype can be shown to a client and then continue build upon with any changes
recommended by the client. Rapid prototyping is most suitable when there are
uncertainties in the user requirements. The requirements for the artefact were clear at
the beginning of the development hence the rapid prototyping development cycle was
found not suitable.

The waterfall model which will be used in the development of the artefact can be seen
in figure 3.1.

Requirements Specification ,

Design ‘_"

Coding N

Testing -

Implementation

Waterfall model



There are five different stages to the waterfall model which all serve a different purpose
towards the development of the artefact. The stages were requirements specification,
design, coding, testing and implementation.

3.2 Requirements Specification

The requirements specification stage was where the artefact’s requirements were stated
and what it intended to achieve. The first requirement of the artefact was to answer the
academic question, which was to see if video games can be used teach basic educational
principles to primary school children without them being aware that they are learning.
To use the artefact effectively to answer the academic question, it was going to be
designed as a video game. Gary Geisler et al. (2008) stated that video games are
sophisticated applications, which are graphic-intensive and contain immersive
experiences. This meant that the video game that was going to be created had to contain
graphics and create immersive experiences for its primary user. To ensure that the
artefact was a video game it was designed first in the design section in 3.3. This
included background research on previous and current educational video games. As the
video game had to teach basic educational principles to primary school children,
research was also undertaken on what primary school children are learning during the
ages of 7 — 11. This was also a part of the design section.

Another requirement for the video game was to aid in achieving the aim of developing
knowledge in a scripting language. The aim is linked to the objective of developing
skills in a scripting language dependent on the tools used. A scripting language is a high
level programming language used to create programs or scripts. Some examples of
scripting language are C++, Java, Python and Ruby. To achieve this requirement, the
video game creation tool had to involve a scripting language. Background research was
conducted into tools used to develop video games. This would ensure that the tool
included an opportunity in developing skills in a scripting language. This research was
done in the justification of tools section, which is in 3.3.1.

The video game also had the requirement of achieving the objective of creating a
suitable video game. This meant that the video game’s content had to teach its primary
user, which were primary school children. This requirement was linked very much to
the first requirement, which was to answer the academic question. This was due to both
requirements needing a suitable video game which had educational principles build in.
For the video game to teach effectively, it had learning outcomes. The learning
outcomes were stated in the design section.

3.3 Design
The design stage was where the video game was designed to meet the requirements set
out in the requirements specification stage. The design was used to code and develop
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the video game. The first phase of the design stage was to conduct background research.
The background research consisted of evaluating modern video games that taught
educational principles. This gave a greater understanding on how educational principles
are implemented into video games. The background research can be seen in section
3.3.1.

A list of criteria was derived after conducting the background research. The list
contained five elements of what made modern educational video games effective. The
five elements in the list were:

e [Educational video games should be short so that users could pick up and play
them when they wish to.

e Educational video games should include a variable feedback system that reacts to
user inputs.

e Educational video games should have one main goal which the user intends to
achieve.

e Educational video games should have additional optional quests or challenges
which users should complete by using the educational content they learned from
playing the video game.

e Educational video games should have an open world so that users do not feel
restricted on what they could do.

This list was taken into consideration when the video game was designed. This was to
aid in creating an effective educational video game. By completing the background
research led to achieving the aim of investigating educational video games. This aim
was important to the project as it gave knowledge on what made an effective
educational video game.

The following aspect of the design stage was to create a flow diagram. Eugenio J.
Marchiori et al. (2012) stated that a flow diagram provides a high-level overview of a
game which allows for the identification and definition of key elements and concepts.
The initial flow diagram created was a plan on what would be in the video game.
During the design stage the flow diagram was expanded as new features were added to
the video game. The initial flow diagram and the final flow diagram created for the
video game can be seen in appendix A.

The next aspect of the design stage was the actual design of the video game. To ensure
the design was going to be suitable, a design methodology was going to be followed.
The design methodology followed in this project was the one researched during the
literature review. The first aspect of the design methodology was the concept. The
concept was going to be based on educational content. To choose suitable educational
content for primary school children, research was undertaken on what they were
learning between the ages of 7-11. The research involved going on various KS2 (Key
Stage 2) websites, which included BBC and Crickweb. After conducting the research, it
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was decided that the video game would be based on a historical event that primary
school children were learning. This was chosen so that the educational content would
become the game’s narrative. This ensured that the video game would be motivational
for students. The historical event chosen was the Battle of Hastings. This meant that the
video game would have a strong storyline with combat. This would lead to students
being more motivated to keep playing. This point is backed up by research conducted
by Matthew Horsfall and Andreas Oikonomou (2011), who stated that players enjoy
RPG which favors strong storylines, character development and combat. Very few
players preferred gameplay that focused on in game items. This research was backed up
Michail Giannakos (2012), who stated that:

“Research has shown that a story-based math video game has captivated

the interest of students and it has been beneficial in the improvements of

their performance in an assessment test. Most notably, the improvements

were higher for students who used to have poor performance in

mathematics.”
This indicated that a story based educational video games was more motivational for
students than general educational video games. If students were more motivated, they
will want to keep playing the video game which will lead to them learning more
educational concepts.

After choosing the concept of the video game, it was time to choose a suitable genre. To
ensure that the video game had an open world, the RPG genre was chosen. Mary Jo
Dondlinger (2007) stated that the most suitable genre was RPG as it contains elements
of various different genres. This indicated that primary school children that do not
enjoy RPG could at least enjoy one aspect of the video game that was based on different
genres.

The next aspect of the design methodology was to create the rules and challenges of the
video game. The challenges of the video game were based on educational principles.
The first challenge was based on geography. Directions given to the players were in
cardinal points. This ensured that students know where the four points on a compass
are. This challenge also fit in with the narrative of the video game as during those times
directions were given in this manner. The second set of challenges was mathematical
questions. The questions were based on simple addition, subtraction, division and
multiplication. These questions were asked with elements of the storyline. This ensured
that the math questions complemented with the storyline. This meant that the learning
outcomes of the video game were:

e Cardinal direction (Geography)
e Addition, subtraction, division and multiplication (Mathematics)
e Battle of Hastings (History)
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The last aspect of the design methodology was the storyline and the actual design of the
video game. The storyline was created to indicate where the player would go, where
they would encounter the challenges and how the video game would end. A storyboard
was used to create the storyline of the video game. The storyboard can be seen in
appendix B. The design of the video game had to follow the storyboard and educational
content, which was set in the year 1066. This meant that the video game could not
contain any elements designed after 1066, such as cars, airplanes and guns. After
completing the design methodology, the video game was coded and developed, which
was done in section 3.4.

3.3.1 Background Research

Background research was conducted on modern video games. The research consisted of
evaluating four modern video games on how they taught educational principles
effectively. The finding of this research was then used to design the video game for this
project.

Big Brain Academy: Wii Degree (2007)
Big Brain Academy is an educational video game designed to teach children and adults
via mini games.

The educational content in this video game was about logic, mathematics, spatial
reasoning and geometry. The educational content was taught by users playing different
mini-games. The goal of Big Brain Academy was for users to answer as many questions
correctly in mini-games. This ensured that all the educational content was covered in
one sitting of the video game. After completing the mini-games, user’s scores were
added up and they were shown in the format of the weight of the user’s brain. The more
questions correctly a user got, the heavier their brain would be.

Big Brain Academy taught its educational content effectively as users would play the
mini-games repeatedly to achieve a higher score. This made the user more motivated to
continue playing. This ensured that users did not latch on that they were learning but
just playing a video game. Users enjoyed playing the mini-games as they were short.
This meant that they did not have to dedicate long periods of their time just to play the
video game. Big Brain Academy also supported multiplayer, where users could compete
against other players to achieve the highest score. This allowed Big Brain Academy to
teach several users at the same time, without any of them being aware that they were
learning.

Civilization V (2010)

Civilization V is a strategy video game where users would build their own civilization
from prehistory to the future. Although the video game was not designed to be
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educational, it was found to be beneficial as a learning aid to teach about history,
culture and economics.

Educators used Civilization to show students how events occurred during historical
events. This was effective as Civilization included accurate historical events and
characters. This motivated students to learn as they became more interested by using
this visual learning tool. This was especially beneficial to visual learners.

Civilization allowed users to interact with different historical characters. This gave
them the freedom to change historical events. This was stimulating for students as they
were not constrained by the video game. Civilization ensured that every interaction was
different by using a variable feedback system. The variable feedback system would
react to what the user would do. Civilization was also useful for students to learn about
politics and economics as they had to manage their own civilizations.

MinecraftEdu (2013)

MinecraftEdu is an open-ended and modifiable educational video game. It was designed
to support educators in teaching and students in basic programming.

MinecraftEdu’s educational content was whatsoever educators wanted to build. This
could be anything from basic programming to science. This meant educators were
recreating historical landmarks for history lessons or creating particles to show students
how solids turn to liquid or gas. Other than teaching what educators created,
MinecraftEdu also taught users about CAD (Computer Aided Design). Cody Sumter
(2012) stated that Notch (creator of Minecraft) had not just built a video game, but he
had tricked 40 million people into learning to use a CAD program. It did this by letting
players build structures and print those using 3D printers, which is very similar to using
a CAD program. This signified that whoever used MinecraftEdu would also be learning
about CAD without them knowing it.

MinecraftEdu taught educational content effectively as it gave freedom to educators to
create any content. The content was used to support them in their lessons. This made it
more interesting for students to learn. This indicated that MinecraftEdu could be used to
teach any educational principles because of its lack of constraints.

SimCity (2013)

SimCity is a simulation game where users found and develop a city. Although SimCity
was designed not as an educational video game, it has been found beneficial by
educators to use as a learning aid during lessons. Educators use SimCity as a visual aid
to what might happen in cities when nuclear power plants or prisons are built. Students
could also play SimCity to learn educational principles.
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In SimCity, users would learn about various aspects of building and running a city. This
led to learning educational principles such as business, economics and mathematics.
SimCity taught these educational principles by its main goal, which was to keep the
city’s citizens happy whilst keeping a stable budget. Users could increase their budget
by a numerous different ways, such as by increasing taxes, legalizing gambling or
building prisons. However, this could lead to citizens being unhappy depending on what
the user builds. This meant users had to manage what assets to build to maximize their
budgets whilst keeping its citizens happy.

SimCity taught users on how to run a city. This led to users learning about different
educational principles. Users would use the educational principles they had learned to
solve challenges. The challenges would always differ because of the variable feedback
system. The feedback system reacted to what the user did and provided them with
unique challenges. This led to users being motivated as they wanted to complete the
challenges. This meant that they were not aware that they were learning. Examples of
such challenges are nuclear meltdowns, forest fires and alien invasions. Users had to
manage their budget during these challenges and decide on what to build to avert the
crisis and have a stable budget during the challenge.

3.4 Coding

Following the design stage was the coding stage, which was where the video game was
coded and developed. The first phase of the coding was to find suitable software to
develop the video game. To find the most suitable software, research was conducted on
several different games developing software. The software had to meet certain
requirements in order for it to aid in the development of the video game and achieve
aims and objectives of the project. The research on the software can be seen in the
justification of tools section in 3.4.1.

After the research, RPG Maker VX Ace was found the most suitable software as it was
well-matched to the initial game design of the video game. RPG Maker also aided in
achieving an aim, which was to develop knowledge in a scripting language. It did this
as it included RGSS (Ruby Game Scripting System), which was a scripting language
that was used to code the video game structure.

The next phase was to code the video game. The coding was done primarily through a
GUI (Graphical User Interface). To implement the mathematical educational principles
in the video game, RGSS was used as these functions did not exist in the software.
Example of the RGSS coding can be seen in appendix C.

During the coding, the video game was tested several times to ensure that it was
working how it was intended. After coding was completed for the video game, more
testing was occurred. The testing and results can be seen in section in 3.5.
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3.4.1 Justification of Tools

There were numerous software found that could have been used to code the video game.
To find the most suitable software for the video game, the most common game
developing software were researched and evaluated.

GameMaker

The first software researched was GameMaker. GameMaker is used generally to create
2D games which could be exported to multiple platforms.

GameMaker could have been beneficial with the coding of the video game as it had a
simple drag-and-drop interface which allowed for fast prototyping. Complex functions
had to be coded using GML (GameMaker Language). This was the scripting language
for GameMaker, which was based on the C programming language. This meant
GameMaker would have been suitable to achieve the aim of developing knowledge in a
scripting language.

A limitation of GameMaker was that it did not support the initial video game design.
This was due to the software being targeted for 2D games, which the initial design of
the video game was not.

Overall, GameMaker would have been the most appropriate software for the coding if
the development cycle was going to be rapid prototyping. This was because it had a
relatively simple user interface which allowed for quick prototyping. However, the
development cycle for the video game was a waterfall model so there was no need for
rapid prototyping.

RPG Maker
The following software researched for coding the video game was RPG Maker. The

current version at the time of this project was RPG Maker VX Ace, which is used to
develop 2D RPGs (Role-Playing Games).

A benefit of using RPG Maker was that the software had basic technical aspects built-
in, such as the user interface and character controls. This was suitable for the video
game as it meant fewer aspects to code. RPG Maker also used a scripting language,
known as RGSS (Ruby Game Scripting System), which would have aided in achieving
the aim. Another benefit of RPG Maker was that it has character generators. This meant
there was less design work to do if this software was chosen.

A limitation of RPG Maker was that it was primarily designed for RPGs. However, this
did not affect the video game, as the initial design of the video game was a RPG.
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Overall, RPG Maker seemed so far the most suitable software to code the video game as
it suited the initial designs. RPG Maker would also help in achieving the aim of
developing knowledge in a scripting language.

Unity
The next software that was researched was Unity, which is a development suite used to
make 2D and 3D games.

A benefit of Unity was that it would aid in achieving the aim of developing knowledge
in a scripting language. This was because Unity used C# and C++. Unity also contained
every tool needed to create video games of any type and genre. This included characters
and locations. Unity also matched the initial video game designs. This meant Unity was
suitable to code the video game.

However, there were some limitations of using Unity to code the video game. The first
limitation was that there were not many basic controls built-in the software. This meant
that all the basic controls of the video game would need to be created. This included the
user interface and character controls. This would have led to extended development
times for the video game. Another limitation of Unity was that it was targeted for
advanced users who have extensive knowledge of C# or C++. As there was no prior
knowledge of either programming languages, coding would have been delayed while the
programming languages were being learned.

Overall, Unity did not seem suitable software to code the video game. This was mainly
due to the complexity of the software. Other software, such as RPG Maker and
GameMaker, provide more features which were relevant to the initial video game
design. There was also less prior knowledge needed to use other software.

Unreal Development Kit

The last software researched for coding the video game was the Unreal Development
Kit, which is a development suite used to make 2D and 3D games. Unreal had similar
features as Unity.

A benefit of using the Unreal Development Kit would be that it included all the tools
needed to develop the video game. This includes tools to create characters, locations
and user interfaces. Unreal also used the C++ programming language to code video
games, which would have aided in achieving aims and objectives.

A limitation of the Unreal Development Kit was that it was designed for professionals.
Because there was no prior knowledge of Unreal, this would have led to extended
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development time for the video game. Another limitation of Unreal was because of the
vast amount of tools, it was designed to be used by teams. This meant that Unreal was
unsuitable to code the video game as it was going to be coded and developed by only
one person.

Overall, the Unreal Development Kit had similar benefits and limitations to Unity.
Because of this, Unreal did not seem suitable to use for the project for similar reasons
as Unity. Other software seemed far more suitable for the coding of the video game.

3.5 Testing

After the coding was the testing stage. This was where the video game was tested. The
testing ensured that the video game worked as intended and aided in answering the
academic question. There were three different tests done on the video game. They were
system testing, usability testing and beta testing. All the tests, methods and results are
recorded in the following three sections.

3.5.1 System Test

The first test was a system test. The system test was an alpha test which was done
following the video game development. This test checked whether all the functions of
the video game worked as intended. This was done by trying every possible scenario
during installation and playing. This test was important to the project as it ensured that
there were no bugs or errors in the video game.

The method of testing was done by creating a table with a list of all possible scenarios
that can happen at any stage in the video game. Every scenario was then broken down
with all possible inputs that could occur. Expected results were recorded first on what
should happen from all the possible inputs. The test was then conducted and the results
were recorded in an actual test result section. If the actual test results did not match the
expected results, it meant there was an error in the video game. This was recorded and
the error would be fixed. After fixing the error, that element of the video game was
tested again. After every possible scenario was tested and all test results passed, the test
was finished.

Most of the results in the system test were accurate as they worked as intended. There
were two errors found. The first error found was a small bug which did not allow the
user to click on certain signs during the video game. This had to be fixed as the signs
were meant to help players know where to go next. The second error found in the video
game was that it did not accept correct answers during the mathematical aspect of the
video game. This was important to correct as this aspect was vital for players, as they
could not continue playing the video game unless they inputted the correct answer.
After both errors were fixed, all the results were recorded in the table. The results can
be seen in appendix D.
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This testing method was the most suitable for the video game as it allowed easy
recording of all the results. This method also ensured that every possible aspect of the
video game was tested to the fullest extent. An alternative testing method was to allow
users to play the video game and record any bugs or errors. The list of bugs and errors
would then be fixed. This was not suitable as it was time consuming and users might
not test all possible scenarios to the fullest. This would lead to certain bugs or errors
still being in the video game.

3.5.2 Usability Test

The second test was a usability test. This was an alpha which was conducted after the
system test. This test evaluated the HCI (Human-Computer Interaction) of the video
game. This would identify which aspects of the video game work well and which could
be improved. This test was important to the project as it stated how effective the video
game was and where it lacked.

The method of testing was done by evaluating the video game against ten game
heuristics created by David Pinelle et al. (2008). David stated that these heuristics will
test all HCI aspects of the video game. The video game was evaluated against all ten
statements. The evaluations were recorded in a table and the results can be seen in
appendix E. The results from this test gave a better understanding on what elements of
the video game were effective and what elements could be improved upon. The results
of this test were used in the critical evaluation section about the video game. These
results also helped in achieving the objective of identifying video game development
approaches suitable for modelling educational games.

The testing method of the usability test was suitable as it allowed investigating all
aspects of HCI of the video game. Using David’s list of game heuristic was beneficial
as it was created from 100 different game reviews. From those reviews, he made a list
of all game design aspects that were reviewed the most and used the ten most mentioned
aspects to make the game heuristics. This allowed the video game to be thoroughly
tested on all HCI aspects. An alternative testing method considered was to conduct the
test using players. However, some players who would test the video game could lack the
knowledge about HCI aspects and video games. This would lead to inaccurate results.
The alternative testing method would also be time consuming. Because of these reasons,
the alternative testing method was not used.

5.3.3 Beta Test

The last test was a beta test. This test consisted of two parts. The first part of the test
was a short quiz, which users took before and after playing the video game. The quiz
showed whether users had learned any educational principles or not. The second part of
the test was a questionnaire, which the user took after playing the video game. The
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questionnaire showed how users felt about the video game after playing. Both these
tests were important to the project as the results aided in answering the academic
question. Both parts of the beta test were done on twenty final-year university students.
The test was not done on the video game’s primary users, which were primary school
children, due to time constraints and health and safety risks.

The method of testing for the first part of the beta test was conducted by giving the user
the quiz before playing the video game. The quiz consisted of eight questions, which
were based on the educational content that was implemented in the video game. Upon
the completion of the quiz, the user would play the video game. After finishing the
video game, the user would undertake the same quiz again. Once the user finished the
quiz, they would commence the second part of the beta test which was the
questionnaire. The method of testing for the second part of the beta test was that the
user would answer the questionnaire after playing the video game. The questionnaire
consisted of eight questions, which were about their views on the video game. After the
eight questions, there were was a section where the user could add any additional
information.

The results of the quiz indicated that users had learned educational principles after
playing the video game. Table 3.1 displays the quiz results which showed that users had
answered more questions correctly after playing the video game. All of the questions
achieved higher correct answers after playing the video game. This meant that the video
game taught educational principles to whoever was playing it. The actual quiz and
individual user quiz results can be seen in appendix F.
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Table 3.1 Quiz results of twenty university students
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The results of the questionnaire indicated favorable views about the video game, where
users stated that they enjoyed playing the game. Table 3.2 displays the questionnaire
results which showed that 85% of users were not aware that they were learning.
However, some users did state that they were aware that they were learning. One user,
who stated that they felt like they were learning, specified in the questionnaire that they
do not enjoy RPGs. As the user did not enjoy playing the game could be the reason that
they were aware that they were learning. Another user stated that they felt like they
were learning as they already knew what occurred during the historical event that the
video game was based upon. As they knew what was going to happen could be the
reason that they were aware that they were learning. Primary school children would not
feel like they are learning as they would still be learning about the historical event the
video game is based upon. The actual questionnaire and individual questionnaire
responses from the user can be seen in appendix G.
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Table 3.2 Questionnaire results of twenty university students

There was a high probability that users would already know about the educational
principles in the video game as the beta test was conducted on final-year university
students. If the beta test was conducted on its primary user, they would have not known
about the educational content as they would have not learnt these educational principles
yet. The results of the quiz could not be accurately extrapolated to primary school
children as they all have different learning styles compared to university students. The
most accurate prediction that was made from the quiz results were that primary school
children would learn after playing the video game, but they would not get as high marks
as the university students. The questionnaire results were extrapolated to primary
school children. This was as university students have a greater understanding of when
learning is involved, they would be aware when a video game was teaching them
educational principles. But as most university students that played the video game were
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not aware that they were learning means that most, if not all, primary school children
will not be aware that they are learning whilst playing the video game. Using these
results, the academic question can be answered accurately.

The testing method used was the most suitable method for the beta test. The
questionnaire was suitable as it gave users three options to answer the questions. This
allowed users to express their opinion and give accurate results. The quiz was suitable
as users could not guess the answers. This meant that the quiz gave accurate results of
how much a user knew and how much they learned. Alternative testing methods were
considered. An alternative testing method considered for the questionnaire was to give
users open questions. This would have allowed users to input any answer for the
questions. This method was found unsuitable as answers could have been varied as
users might not have understood the questions. This would have led to inaccurate
results. An alternative testing method considered for the quiz was a multiple choice
quiz. This method was found not suitable as users could have guessed the answers and
gotten them correct. This would have given inaccurate results which would have led to
being unable to answering the academic question effectively.

3.6 Implementation

The last stage of the development cycle was the implementation stage. In this stage the
video game was implemented so that it can be played by users. The first phase of
implementation was to create an executable file. The executable file would be used to
start the video game. The file was placed in a zip folder with all the game assets. This
allowed the game to be started and played without the need of any additional software.

The next phase of the implementation was to create a user manual. The user manual will
benefit the users as it included an overview, hardware requirements and how to install
and start the video game. The user manual was written with the main users in mind,
which were primary school children. This meant that no complex words and acronyms
were used. To ensure that the user manual was easily accessible for users, it was
included in the zip folder.

The implementation followed the design of the video game as RPG elements had been
put in the user manual. This included designs and pictures of the video game. This was
to ensure that the user manual was interesting for primary school children. The icons
used in the video game also followed the initial designs by having RPG elements such
as castles. This ensured the implementation was of a professional quality.

3.7 Answering the Academic Question

The academic question for this report was to see if it was possible to use video games to
teach primary school children basic educational principles without them being aware
that they are learning. To answer the academic question, it was split up into two aspects.
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The first aspect was whether video games could teach players any educational
principles. To answer this aspect, the video game created and the quiz results of the beta
test were used. The questions used in the quiz were about the Battle of Hastings, which
was used as the educational content in the video game. The results showed that players
achieved a higher score in the quiz after playing the video game. This indicated that
players learnt about history, specifically the Battle of Hastings. Players had also learnt
about geography and mathematics even though there were no questions based on them
in the quiz. This was proven as players could not complete the video game without
encountering and completing challenges about geography and mathematics. As all
players had completed the video game meant they all had learnt about geography and
mathematics.

In the questionnaire, question six asked the players if they felt they learnt anything after
playing the video game. 100% of the response was that they felt they had learnt
something after playing the video game. This meant that every player felt that they had
learned something after playing the video game. This indicated that video games can
teach educational principles.

The second aspect was whether players were aware that they were learning whilst
playing video games. To answer this aspect, the video game and the questionnaire
results of the beta test were used. Question seven asked the players if they felt they
were learning whilst playing the video game. 85% of the respondents stated that they
felt they were not learning whilst playing the video game. As all 85% of the respondents
that stated they did not feel like they were learning got higher scores in the quiz after
playing the video game meant that the video game was teaching educational principles
to the players without them being aware that they were learning.

The reason why players were not aware that they were not learning was due to them
being motivated to play. Question five in the questionnaire asked the players if they felt
they were motivated to keep playing the video game. 90% of the respondents stated that
they were motivated to keep playing. According to Mary Jo Dondlinger (2007), if
players are motivated to keep playing a video game, they will not feel like they are
learning. This indicated that the video game was motivating the players. This meant that
the video game was providing intrinsic motivation, which it was aiming to do. This was
because intrinsic motivation comes from the individual and not from any apparent
awards (Siegwart Lindenberg, 2001). This meant that the video game was providing the
right kind of motivation for players to continue playing because if it provided extrinsic
motivation, players would not be motivated to continue playing.

The reason the video game was motivational for players was because it was enjoyable.
This was because the educational content and the game’s narrative complemented each
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other. As the video game was based on educational content, which was the Battle of
Hastings, this was easily implemented. The goal of the video game was to win the
battle. As this was only viable by the player completing challenges that had educational
content, players were motivated to learn.

In the end, by using the video game created for the artefact, the beta test results and the
research conducted in the literature review, it can be stated that video games can teach
basic educational principles to primary school children without them being aware that
they are learning.
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4. Conclusion

This project’s aim was to answer the academic question. The academic question was:
Can video games teach basic educational principles to primary school children without
them being aware that they are learning?

Using the video game created and the results from the tests, it can be stated that video
games can teach basic educational principles to primary school children without them
being aware that they are learning. The video game had three main learning outcomes.
They were to teach players three main educational principles from different subject
areas, which were:

e Cardinal direction (Geography)

e Addition, subtraction, division and multiplication (Mathematics)

e Battle of Hastings (History)
The beta test results showed conclusively that players had learned about the battle of
Hastings. By players completing the video game, it can be stated that they learned about

geography and mathematics. If they did not, they would have not been able to complete
the video game.

The project also had four aims, all of them which were achieved. The aims of the
project were important as they identified what the project was trying to achieve. They
aims were:

1. To evaluate the use of video games as educational tools.

2. Investigate educational video games.

3. Evaluate the video game development process.

4. Develop knowledge in a scripting language.

The first aim of the project was achieved by conducting a literature review on how
video games were being used as educational tools. The findings showed that video
games could be used as educational tools. However, further research showed that on
how effective they were determined on how well the educational content was
implemented. Achieving this aim was important to the project as it gave the basis of the
project. The literature review was done in section two of the project.

The second aim was to investigate educational video games. This involved getting
existing video games and evaluating them on how effectively they teach players. The
games chosen were not all designed to be educational, but because of their educational
impact on players they were chosen to be evaluated. This aim was important to the
project as it led to giving an understanding on how video games can be effective at
teaching educational principles. The background research was done in section 3.3.1.

The third aim was to evaluate the video game development process. This was achieved
during the literature review and design stage of the project. During the literature review,
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research was completed on a suitable methodology for designing and implementing
educational video games. This research was then used to design the video game. The
design showed how the video game came from initial idea to the finished video game.
The design can be seen in section 3.3. This aim was achieved when the methodology
was evaluated in the critical evaluation section. This aim was important to the project as
it benefited in the development of the artefact.

The last aim for this project was to develop knowledge in a scripting language. This
was achieved by developing knowledge in RGSS (Ruby Game Scripting System). RGSS
is a subset of the Ruby programming language. Learning a scripting language was
important as it aided in personal development. It also benefited in the creation of the
video game by allowing to customize certain features.

The aims of the project were broken down into several objectives. The objectives were
important part of the project as they identified specific, measurable achievements that
build towards achieving the aims of the project. The objectives were:

e Complete a literature survey and literature review on how video games are being
used as educational tools.

e Identify and evaluate game design of existing educational video games.
e Develop a suitable video game.
e Evaluate the effectiveness of the video game using appropriate tests.

e Identify video game development approaches suitable for modelling educational
video games.

e To learn and develop skills in a scripting language dependent on the tools used to
develop the video game.

e Complete final report.

All the objectives were achieved. The first objective was achieved as it was to complete
the literature survey and literature review. The literature survey was completed during
the project proposal and it gave a basis of the research. The research was then expanded
upon in the literature review. This was important for the project as it provided with
information about educational video games. The second objective was to evaluate
educational video games, which was related to the second aim of the project. The
objective was achieved at the same time as completing the aim, which was during the
background research of the project.

The third objective was to develop a suitable video game. This was important to the
project as it was going to be used to answer the academic question. The fourth objective
was to evaluate the video game using appropriate tests. This was important to the
project as the results of the tests were used to answer the academic question.
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Choosing and justifying the use of a development cycle for the artefact led to achieving
the fifth objective. This was linked to the third aim of the project. The development
cycle was chosen after using the research from the literature review. Using this, it led to
building a suitable video game. The sixth objective was linked to the last aim of the
project, which was to learn and develop skills in a scripting language. This was
important as it aided in personal development. The last objective was to complete the
project report. This was an important milestone for the project.

By completing all the aims and objectives of the project, it can be stated the video game
met all the requirements which were specified during the requirements specification
stage. They were:

e Answer the academic question.
e Develop knowledge in a scripting language.
e Develop a suitable video game
The requirements were all linked to some of the aims and objectives of the project. This

meant that completing the aims and objectives led to achieving the video game’s
requirements.

The project is related to other pieces of work, such as Mary Jo Dondlinger’s journal
(2007). This project provides evidence that when students are motivated to play, they
will not feel like they are learning. This was proved by the questionnaire results from
the beta test, which showed 90% of the players were motivated to play. The project also
expands on Denis Guillaume and Pierre Jouvelot (2005) paper as the video game
created in the project showcased an example of a good educational video game, and not
an edutainment game. This is because the video game created had interactivity and did
not feel like an interactive textbook.
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5. Critical Evaluation

The final report for the project was good, as it showed how the academic question was
created from the initial problem. The next section of the report was the literature
review, which contained quality sources from various different formats such as books,
journals and websites. The sources gave excellent background knowledge of the topic
and aided in answering the academic question. However, a limitation of the sources was
that most were published over three years ago. This meant that the most recent
information was not available in certain sections of report. The following section of the
report was the artefact, which contained detailed information on how the video game
was created. The only limitation of the report was the individual test results in the
appendices, which can be difficult to understand.

The planning for the project was very well carried out as it initially had two weeks of
slack available. This allowed for leniency if any task took longer than anticipated. All
tasks were completed in the order they were anticipated. One aspect of the project that
was not planned well was anticipating to learn the software that was used to make the
video game. Due to this, one week of slack had to be used. New tasks that occurred
during the project, such as researching on different learning styles, were well managed
to ensure that they were completed without over exhausting resources.

The artefact was superbly developed and implemented. Findings from the literature
review was used to ensure that the video game covered several different learning styles.
Some limitations of the video game were found from the usability test results, which
identified that some features were missing that could have enhanced the user
experience. These features were a variable feedback system, mini map, difficulty
settings and no access to current objectives. However, after conducting the
questionnaire in the beta test, only one feature was mentioned to enhance the user
experience. That feature was access to current objective in the video game. This meant
the user experience could be improved of the video game by giving access to the current
objective to players. The other features mentioned in the usability test could be
considered for future work. The artefact also had three requirements specified during
the requirements specification stage. They were:

e Answer the academic question.

e Develop knowledge in a scripting language.

e Develop a suitable video game.
All the requirements were achieved. The requirements chosen were appropriate for the
artefact as they led to developing a suitable video game that was used to answer the

academic question. Some of the requirements were also linked to aims and objectives,
which meant they were achieved when the aims and objectives were completed.

The programming language used in the project was RGSS (Ruby Game Scripting
System), which is a subset of Ruby. The programming language was not the most
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suitable for the project due to the lack of knowledge. However, a benefit of using RGSS
was that it aided in completing an aim and objective. The limitations of using RGSS
was that it led to extended development time. Due to the lack of knowledge, some
features were also not implemented, such as difficulty settings and mini map.
Alternative programming languages that were considered for the project were
JavaScript or Python, as there was prior knowledge in them. However, due to no tools
using these programming languages, they were not used in the project.

The waterfall model was the appropriate development cycle for the project. This was
due to the requirements being clearly specified for the video game. The waterfall model
would not be appropriate in the industry, as video games tend to be redesigned often.
This was not a concern for the artefact as it was not required to be aesthetically
pleasing. The main requirement for the artefact was to answer the academic question.
Because of this, other development cycles, such as rapid prototyping, were found not
suitable for the project.

The testing methods used in the project were appropriate. The system test ensured that
all features of the video game were functional before the beta test. There was no other
suitable tests found that would test the video game as thoroughly as the system test. The
usability test was appropriate for the project as it highlighted features that the video
game was missing, such as a variable feedback system and a mini map. This test could
have been improved by allowing final-year students to conduct the usability test.
However, due to time constraints, this was not feasible.

The beta test of the video game was appropriate for the project. There were some
limitations to the beta test. The first limitations was the quiz as it did not contain any
questions about geography and mathematics. This meant there was no evidence of
players learning about either educational principles. This was due to the video game
being tested on final-year university students. Asking questions about geography and
mathematical educational principles on university students would have been useless.
This was because university students would already have prior knowledge about these
educational principles and the results would have not shown whether they had learned
anything. Another limitations of the beta test was that it was not conducted on its
intended users, which were primary school children. The reason for this was due to time
constraints as parental consent would have to be granted for children to play the video
game. This is because children are in a vulnerable group which required ethical
clearance.

If there was further time, this project would be expanded by redesigning the video game
to include all the HCI features that were listed as missing according to the usability test
results. This would provide a better user experience for primary school children and
give more accurate results. The video game would also be expanded by adding
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multiplayer support to see what effect it has on how much primary school children
learn. The last aspect of the project that would be expanded would be testing. Testing
would be conducted on primary school children, and not final-year university students,
to gain accurate results which would be used to answer the academic question.
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6. Self-Reflection

This project was thoroughly enjoyable as it gave me an opportunity to take something I
enjoy, which are video games, and use it to create a project around it. The project
helped me to develop my skills, such as researching, problem solving and
communication. These skills will help me in future work and give me employment
prospects.

Before starting the project, I used to believe that making educational video games was a
simple process. The reason for this was that I believed any educational content could be
put into a video game and it would start teaching the educational principles to players.
However, by undertaking this project I have learned that for video games to teach
educational principles effectively, the educational content has to align with the game’s
narrative. Otherwise it can lead to players being bored whilst playing the video game
and not learning.

From carrying out this project, I have gained a basic understanding of Ruby, a scripting
language. Initially, I believed learning a new scripting language would be difficult.
However, after using RPG Maker, I feel more confident and gained an understanding of
how to code in Ruby. This has also given me the motivation to keep learning to expand
my knowledge in Ruby.

The favorite aspect of this project was designing and developing the video game. This
was because it allowed me to be creative when creating the video game. The
development of the video game allowed me to gain new skills, which can come to use in
future projects. The least favorite aspect of this project was the process of writing the
report. This was due to it being long and not interesting.

If I had the opportunity to do the project again, I would change several elements. The
first element I would change is the academic question. Instead of looking at if video
games could teach primary school children, I would try and see if video games could be
used to teach adults, specifically people between the ages of 30-60. This would be for
two reasons. The first reason is that there are not many studies conducted on how much
adults learn by playing video games. The second reason is that developing video games
for adults would lead to easier testing. Another element I would change about the
project is the educational content of the video game. I would make the educational
content to be about coding. This is because there are not many educational video games
about coding and making such a video game could be useful in real life. This is because
the lack of knowledge of coding in the world is currently underwhelming. The video
game would give people knowledge and motivation on how to code, which could lead to
better employment as coding is currently a skill high in demand.
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9. Appendices
9.1 Appendix A

Start Quit
7

Main menu: Quit

- Continue

- New game

- Exit game <

New game Continue Quit
Pause menu:
Pause game

Game over: - Continue

Game screen - Quit
- Player died <

7y Back
Meet enemy
Enemy die
Player die
Combat

Figure 9.1 Initial flow diagram
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Ok

Game over:

- Player died

Main menu:

- New game
- Continue
- Shutdown

Shutdown

New game

Continue

A

Player die

Meet enemy

Game screen

Pause game

Quit

Enemy die

Attack

Combat menu:

- Fight
- Attack
- Special
- Guard
- Items

- Escape

Combat Screen

Menu

Escape

Items / Skills

Pause menu:

- Continue

- ltems

- Skills

- Equipment
- Status

- Save

- Game end

Items / Skills / Equipment

Equipment:

- List of equipment

Figure 9.2 Final flow diagram
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9.2

Appendix B
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Figure 9.3 Storyboard of video game
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9.3 Appendix C

@=Input Mumber: [0002:gaurdl-answer2], 3 digit(s)
@>Conditional Branch: Variable [0002:gaurdl-answer2] == 4860
@}TEII: Fvil', 6, Normal, Bottom
: Correct, you rnlght not be a
: enemy after all.
: : Third anu:l last question.
@=Text: E 6, Mormal, Bottom
: A 5h||:r can Elther hold 100 soldiers or
: 100 archers. How many ships are needed
: : for 600 =soldiers and 300 archers?
@=Input Mumber: [0003:gaurdl-answer3], 1 digit(s)
@=>Conditional Branch: Variable [0003:gaurdl-answer3] =
@:—Text Ewil’, 6, Normal, Bottom
: You are correct.
: You have answered all questions
v correctly so vou must not be an enemy.
- » You may pass.
@}Set Move Route: This event (Wait)
¢ $=Turn Right
1 $=Mowe Right
: : $=Turn Down
@=Control SWItEhE‘: [0006&:soldierl-carrect] = ONM

o=
Elze
@=Text: Ewvil, 6, Normal, Bottom
' » Incorrect!
: : You must be a enemy!
@=Change HF: [Geoffrey de Montbray], - 10
@=Text: -, lormal, Bottom
T|'IE soldier struck you with his sword!
: : 10 point damage!
o=
Branch End

Figure 9.4 Partial code of the mathematical challenge in the video game
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9.4

Appendix D

Main Menu

Saving Game

Loading Game

Interactivity
with signs

Number Input
during
Questioning

Input during
Questioning

End Screen

Installability

All option
buttons

Save Game

Load Game

User clicks on
it

Enter correct
answer

Enter incorrect
answer

Cancel text
input

Fight
Flee
N.A.

Windows XP

Windows
Vista

Windows 7

Correct sub-
menu show up

Game is saved

Game loads in
correct

Shows up
information
about map

Proceed to next
question

Attacks player
and exits
questioning

Attacks player
and exits
questioning

Fights the
enemy

Flees from
battle

Loads back to
main menu

Game installed

Game installed

Game installed
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Correct

Correct

Correct

Fault — sign
did not work

Fault — did not
register correct
answer

Correct

Correct

Correct

Correct

Correct

Correct —
Game was
installed

Correct —
Game was
installed

Correct —
Game was
installed

Corrected —
02/23/2013

Corrected —
02/23/2013



Windows 8

OS X

Linux (Ubuntu
12.04)

System test results

Game installed

Not supported

Not supported
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9.5 Appendix E
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Provide Consistent Response to the
user’s actions.

Allow users to customize video and
audio settings, difficulty and game
speed.

Provide predictable and reasonable
behavior for computer controlled units.

Provide unobstructed views that are
appropriate for the user’s current
actions

Allow users to skip non-playable and
frequently repeated content

Provide intuitive and customizable

The video game responded to the user’s
action in a predictable manner. The keys
used to control the character function as
intended.

Users could choose whether to play audio
during the game.

Video settings could be customized as
users can change screen size.

The game speed could not be altered,
except during conversations.

Difficulty setting could not be altered as
it was chosen not to be implemented.
This was due to the game being a RPG.
Difficulty setting will be considered for
future video games.

NPC (Non-Player Characters) move as
intended in the game. They do not
distract the user.

There are no NPC on the users’ team.

During fighting, the attack options are at
the bottom of the screen. This ensures
that the options do not distract the user.
When user talks to any NPC, the text
comes at the bottom of the screen so that
it does not distract them.

When user talks to a merchant, the whole
screen is blocked by the menu. This is
not a concern as the user cannot get
attacked while they are in this menu.

Users cannot skip intro and ending
videos. To overcome this, the videos are
short.

There is no repeated content in the video
game.

The default controls are similar to other
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mappings.

Provide controls that are easy to
manage, and that have an appropriate
level of sensitivity and responsiveness.

Provide users with information on
game status.

Provide instructions, training, and
help.

Provide visual representations that are
easy to interpret and that minimize the
need for micromanagement.

Usability test results

games (e.g. up arrow moves the player
up, down arrow moves player down,
etc.).

Users can customize the controls to suit
their needs.

The controls are on the keyboard so there
are no sensitivity or responsiveness
issues.

Users can access the character’s health
and armor.

There is no map which could lead to
users getting lost. Signboards have been
used in the video game to let users know
where they are.

Users cannot see the current objective
they are on. This could be a major
concern when primary school children are
playing and forget what they have to do.

A user manual has been created which
provides information on everything they
need to know about the video game.

Icons are used in the video game to show
what they are (e.g. bottles for health
potions, swords for weapons, etc.). This
allows the user to differentiate important
elements in the game from irrelevant
elements.
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9.6 Appendix F

Video Game Quiz
This is a small quiz for the ‘Warrior of Normandy’ video game. Please state whether
you answered the questions before or after playing the video game.

Name: O Questions answered before playing the game.

O Questions answered after playing the game.
Please answer the following questions.

1. In what year was the Battle of Hastings?

2. Where did William II come from?

3. Who was William II right hand man?

4. How did William II get to England?

5. Where did Harald Hardrada die?

6. Where did the Battle of Hastings take place?

7. When was William IT crowned as King of England

8. Where was William II crowned as King of England?

Figure 9.5 Quiz used for beta test
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Player 01
Player 02
Player 03
Player 04
Player 05
Player 06
Player 07
Player 08
Player 09
Player 10
Player 11
Player 12
Player 13
Player 14
Player 15
Player 16
Player 17
Player 18
Player 19
Player 20

Question 01

Before
Incorrect
Incorrect

Correct
Incorrect

Correct

Correct
Incorrect

Correct

Correct

Correct
Incorrect

Correct

Correct

Correct
Incorrect

Correct
Incorrect
Incorrect

Correct
Incorrect

After
Correct
Correct
Correct

Incorrect
Correct
Correct
Correct
Correct
Correct
Correct
Correct
Correct
Correct
Correct
Correct
Correct
Correct

Incorrect
Correct
Correct

Question 02

Before
Incorrect
Incorrect

Correct
Incorrect
Incorrect
Incorrect
Incorrect

Correct
Incorrect
Incorrect
Incorrect
Incorrect
Incorrect

Correct

Correct
Incorrect
Incorrect
Incorrect

Correct
Incorrect

After
Correct
Correct
Correct
Correct
Correct
Correct
Correct
Correct
Correct
Correct
Correct

Incorrect
Correct
Correct
Correct

Incorrect

Incorrect
Correct
Correct
Correct

Question 03

Before
Incorrect
Incorrect
Incorrect
Incorrect
Incorrect
Incorrect
Incorrect
Incorrect

Correct
Incorrect
Incorrect
Incorrect
Incorrect
Incorrect
Incorrect
Incorrect
Incorrect
Incorrect
Incorrect
Incorrect

After

Question 04

Before

After

Incorrect Incorrect Correct

Correct
Correct
Correct
Correct
Incorrect
Correct
Correct
Correct
Incorrect
Correct
Correct
Correct
Correct
Correct
Incorrect

Correct
Correct
Correct
Correct
Correct
Correct
Correct
Correct
Correct
Correct
Correct
Correct
Correct
Correct
Correct

Correct
Correct
Correct
Correct
Correct
Correct
Correct
Correct
Correct
Correct
Correct
Correct
Correct
Correct
Correct

Incorrect Incorrect Correct

Correct
Correct
Correct

Correct
Correct
Incorrect

Correct
Correct
Correct

Question 05

Before
Incorrect
Incorrect
Incorrect
Incorrect
Incorrect
Incorrect
Incorrect
Incorrect
Incorrect
Incorrect
Incorrect
Incorrect
Incorrect
Incorrect
Incorrect
Incorrect
Incorrect
Incorrect
Incorrect
Incorrect

Individual quiz results from twenty final-year university students
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After
Incorrect
Correct
Incorrect
Correct
Incorrect
Correct
Incorrect
Incorrect
Correct
Correct
Incorrect
Incorrect
Correct
Incorrect
Correct
Incorrect
Incorrect
Incorrect
Correct
Correct

Question 06

Before
Incorrect
Incorrect
Incorrect
Incorrect
Incorrect
Incorrect
Incorrect

Correct
Incorrect
Incorrect
Incorrect
Incorrect

Correct
Incorrect
Incorrect
Incorrect
Incorrect
Incorrect

Correct
Incorrect

After
Incorrect
Correct
Incorrect
Incorrect
Correct
Correct
Correct
Correct
Correct
Incorrect
Correct
Incorrect
Correct
Incorrect
Correct
Correct
Incorrect
Correct
Correct
Correct

Question 07

Before
Incorrect
Incorrect
Incorrect
Incorrect
Incorrect
Incorrect
Incorrect
Incorrect

Correct
Incorrect
Incorrect
Incorrect
Incorrect

Correct
Incorrect
Incorrect
Incorrect
Incorrect

Correct
Incorrect

After
Correct
Correct
Correct
Correct

Incorrect
Correct
Correct
Correct
Correct
Correct
Correct
Correct
Correct
Correct
Correct

Incorrect
Correct
Correct
Correct
Correct

Question 08

Before
Incorrect
Incorrect
Incorrect
Incorrect
Incorrect
Incorrect
Incorrect
Incorrect

Correct
Incorrect
Incorrect
Incorrect

Correct
Incorrect
Incorrect
Incorrect
Incorrect
Incorrect

Correct
Incorrect

After
Correct
Incorrect
Correct
Correct
Correct
Incorrect
Correct
Correct
Correct
Correct
Correct
Correct
Correct
Correct
Correct
Correct
Correct
Correct
Correct
Correct



9.7

Appendix G

Video Game Questionnaire
This is a small questionnaire for the ‘Warrior of Normandy’video game. Could you
please complete this questionnaire after you have completed or played the video game.

Name:

Please complete the following table (enter ticks where appropriate) with your views
on the video game.

1. Was it easy to start the game?
2. Were the graphics appealing?
3. Was the audio appealing?

4. Were you able to understand the
instructions?

5. Did you feel motivated to continue
playing?

6. Do you feel you have learned
anything after playing the game?

7. Did you feel you was learning while
playing the game?

8. Did you enjoy playing the game?

Do you have any further comments or suggestions you would like to make about
the prototype video game?

Figure 9.6 Questionnaire used for beta test
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Question 01 Question 02 Question 03 Question 04 Question 05 Question 06 Question 07 Question 08 Recommendations

Player 01 Yes Yes Yes Yes Yes Yes No Yes Be able to see objectives
Player 02 Yes Yes Yes Yes Yes Yes No Yes -

Player 03 Yes Yes Yes Yes Yes Yes Yes Yes -

Player 04 Yes Yes Yes Yes Yes Yes No Yes More optional quests
Player 05 Yes Yes Yes Yes Yes Yes No Yes Be able to see objectives
Player 06 Yes Yes Yes Yes Yes Yes No Yes -

Player 07 Yes Yes Yes Yes Yes Yes No Yes -

Player 08 Yes Yes Yes Yes Yes Yes No Yes -

Player 09 Yes Yes Yes Yes Yes Yes No No Longer game

Player 10 Yes Yes Yes Yes Yes Yes No Yes -

Player 11 Yes Yes Yes Yes Yes Yes No Yes -

Player 12 Yes Yes Yes Yes Yes Yes No Yes -

Player 13 Yes Yes Yes Yes Yes Yes No Yes Be able to see objectives
Player 14 Yes Yes Yes Yes Yes Yes No Yes -

Player 15 Yes Yes Yes Yes Yes Yes Yes Yes -

Player 16 Yes Yes Yes Yes Yes Yes No Yes -

Player 17 Yes Yes Yes No No Yes No No Different game genre
Player 18 Yes Yes Yes Yes Yes Yes No Yes -

Player 19 Yes Yes Yes Yes No Yes Yes No More learning content - current content is too easy
Player 20 Yes Yes Yes Yes Yes Yes No Yes Be able to see objectives

Individual questionnaire results from twenty final-year university students
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