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Abstract

This thesis describes the sCool project as a proposed solution for increasing
motivation and engagement of high school and first-year university students
with science, technology, engineering and mathematics (STEM). The project
consists of the two main components which are the web platform and the
multidisciplinary educational mobile game. In the web platform, instructors
can prepare courses, create educational content and track student progress.
Prepared educational content is afterwards loaded into the mobile game
where students can select different STEM modules, learn theoretical concepts
and practically apply gained knowledge. For the purpose of this thesis,
programming is implemented as the first STEM module.

Educational content is presented to students in the form of missions and
tasks where students can take either an active or an adaptive learning
approach. The benefit for instructors is that they have an insight into the
progress of every student and they can focus their time only on concepts
that students failed to grasp. On the other hand, students will have fun
and be able to grasp complex concepts through the video game without
noticing that they are actually learning. In both theoretical and practical
modes, dynamic game balancing (DGB) principles are utilized in order to
keep players in the flow channel where the game is neither too challenging
nor too easy. Microsoft Azure cloud platform and Unity game engine are
the main technical components of the project.

The prototype of the system was tested by ten study participants from
the Graz University of Technology, the University of Westminster, and
the RMIT University. The study results show that the system satisfies the
System Usability Scale (SUS) criteria with an average score of 84.25 and
that happiness was the prevailing feeling on the Computer Emotion Scale
(CES).
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Kurzzusammenfassung

Diese Arbeit beschreibt das sCool-Projekt als eine vorgeschlagene Losung
zur Erhohung von Motivation und Engagement von Schiilern und Er-
stsemesterstudierenden fiir Wissenschaft, Technologie, Ingenieurwesen und
Mathematik (STEM). Das Projekt besteht aus den zwei Hauptkomponen-
ten, der Webplattform und dem multidisziplindren padagogischen mobilen
Spiel. In der Webplattform konnen Padagogen Kurse vorbereiten, Inhalte
erstellen und den Lernfortschritt verfolgen. Vorbereitete Lerninhalte werden
anschlieffend in das mobile Spiel geladen. Dort konnen die Studierenden
verschiedene STEM-Module auswéhlen, theoretische Konzepte erlernen
und praktisch erworbenes Wissen anwenden. Fiir die Zwecke dieser Arbeit
wurde als erstes STEM-Modul Programmierung implementiert.

Lerninhalte werden den Studierenden in Form von Missionen und Auf-
gaben prasentiert, bei denen die Schiiler entweder aktiv oder adaptiv ler-
nen konnen. Der Vorteil fiir Pidagogen ist, dass sie einen Einblick in den
Fortschritt von jedem Schiiler haben. Somit konnen sie sich auf Konzepte
konzentrieren, die Studenten nicht verstanden haben. Auf der anderen Seite
haben die Schiiler Spass und kénnen komplexe Konzepte spielerisch er-
fassen, ohne zu merken dass sie tatsachlich lernen. In Theorie und Praxis,
werden dynamische Spielausgleichsprinzipien (DGB) verwendet, um Spieler
im ,Flow Channel” zu halten, wo das Spiel weder zu anspruchsvoll noch
zu einfach ist. Microsoft Azure Cloud-Plattform und Unity Game Engine
sind die wichtigsten technischen Komponenten des Projekts.

Der Prototyp des Systems wurde von zehn Studienteilnehmern von der
Technischen Universitit Graz, der Universitit Westminster und der RMIT
Universitat getestet. Die Ergebnisse der Studie zeigen, dass das System die
Anforderungen der System Usability Scale (SUS) Kriterien mit einer durch-
schnittlichen Punktzahl von 84,25 erfiillt und dass Freude das vorherrschende
Gefiihl auf der Computer Emotion Scale (CES) war.
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1. Introduction

Technology is influencing different areas of people’s lives and rapid techno-
logical advancements are influencing the way how people learn, run their
business and communicate. New technologies are reshaping the landscape
of global economy which will require more people with the background
in the STEM education. Natural sciences have many complex and abstract
concepts which are challenging for students to grasp, so many of them
feel discouraged, have poor performances and show little interest in these
areas (Mji & Makgato, 2006). Many learning theories have been developed
since Confucius until the present day, in order to understand and enhance
the learning process, and most of them consider that learning occurs in a
classroom with the support of an instructor. However, there are educational
thinkers who claim that a closed classroom and an instructor should not be
the mandatory requirement for learning to occur, so they developed theories
of learning outside of a classroom (Sharples, Taylor, & Vavoula, 2010).

Mobile learning is a new concept created as a result of new technological
advancements and availability of mobile devices to broad masses where
studies have shown that mobile technologies can increase student engage-
ment and motivation (Tremblay, 2010). New generations are growing up
with video games, which became an interesting medium for presenting
educational content and students find it appealing and intuitive to use.
Digital game-based learning has the positive impact on educational effec-
tiveness and student motivation as well (Papastergiou, 2009). A research by
Pew Research Center (2017) states that 88% of high school students (13-17
years old) have a mobile device and 72% of them are playing video games.
According to the analysis of the Newzoo (2017), in the period of 2017-2020,
a number of mobile users will be increased by billion. Large-screen devices
are supported by a number of educational STEM video games, but the need
for mobile STEM games might increase as well, following the rapid growth
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of mobile trends. All these facts create a demand for new approaches to in-
crease the motivation of students to engage more with the STEM disciplines
and make the entire learning process more easier and fun.

1.1. Aim and Objectives of the Thesis

The purpose of this thesis is design, implementation, and evaluation of the
sCool project which is designed for teaching STEM academic disciplines.
The theoretical part aims to investigate problems in the STEM education,
find potential solutions for increasing students” motivation, and facilitate
the learning process. This task is conducted through three research stages:
background of learning theories and contemporary learning approaches,
motivational influence and effectiveness of teaching high-school and first-
year university students (age of 11-19 depending on different educational
systems in the world) STEM disciplines through an educational multidis-
ciplinary mobile game, and exploring existing digital systems for STEM
education. In relation to findings from the theoretical part, students” moti-
vation and engagement with STEM disciplines should be increased by the
pedagogical tool for STEM education based on the two main components:

e A web platform for instructors for creating courses and tracking stu-
dents’ progress

e An educational multidisciplinary mobile video game where prepared
learning content will be integrated into and displayed in a form of
tasks and missions

The video game is intended to be multi-platform, supporting both active and
adaptive learning, with an implementation of dynamic balancing principles
of the game difficulty and the difficulty of an educational content in order to
keep players engaged. The first STEM module which will be implemented
into the game, for the purpose of the thesis, is programming which is a
complex and very important discipline in today’s world. The video game is
supported by the web application where instructors can prepare their own
curriculum for STEM courses, create an educational content and track the
progress of every individual student. By using statistical tools within the
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web application, instructors can invest more time for students who really
need help and focus themselves primarily on students” weaknesses.

1.2. Expected Outcomes

The main expected outcome is that both students and instructors find
themselves comfortable with the system and that the system is practically
useful by helping students perform better in the STEM disciplines. The other
goal is to provide this system, not only to the limited number of schools, but
to broad masses, by publishing the game to the leading mobile marketplaces
such as Google Play Store’, Apple App Store* and Windows Phone Store3.
As the game is going to be free of charge, students from all over the world,
especially students from poorest countries, could have benefits from using
it.

1.3. Methodology and Structure

This research is based on the case study, with the focus on the development
of the web platform and the multidisciplinary educational mobile game.
The project is realized at the University of Westminster (London, UK) in
collaboration with (Koji¢, 2017) who was researching procedural map, asset
and sound generation. Agile software development principles (Awad, 2005)
are used in this thesis since issues could be resolved as soon as they were
identified with frequent interactions with students, lecturers, and stakehold-
ers. Students are involved in testing the playability and engagement while
instructors are testing the usability of the platform to ensure that the final
product meets their needs.

The structure of this thesis is composed out of the three main chapters.
Chapter 2 is the theoretical part which covers learning methodologies

*Google Play (2017)
2Apple App Store (2017)
3Windows Phone Store (2017)
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and their characteristics. This chapter discusses the analysis of existing
educational video games, their characteristics, and potentials of mobile
growing trends. Chapter 3 and Chapter 4 covers the practical part where
the conceptual model and the technical implementation of the system are
explained. The technical implementation is divided into two parts which
are the mobile video game and web application for instructors. Students
are playing the game and using a content which is previously prepared
by instructors. While playing the game, the game difficulty is dynamically
adjusted based on the player’s progress. The same thing happens with the
educational content which is being adapted to student’s needs. Instructors
can track students’” performances in real time, analyze their progress and
help them with concepts which are challenging for them. Finally, Chapter 5,
Chapter 6 and Chapter 7 cover the evaluation of the system, lessons learned
during different research phases and suggestions for future work.






2. Background and Related Work

The traditional way of teaching is an effective approach to organize a lecture
and track the state of the presented material, which is widely used today
in schools and organizations, especially when instructors are working with
larger groups. Nevertheless, the main drawback of this approach is that
student’s motivation has to be very high in order to appropriately and
effectively follow the lecture. Natural science education is often described by
students as a boring field with many abstract concepts which are challenging
to grasp. Students have little interest in the STEM classes because of their
complexity and students” discouragement when facing complex and abstract
matter (Pirker, Riffnaller-Schiefer, & Gitl, 2014).

2.1. Learning Methodologies

This section discusses properties of different educational theories as well as
learning approaches which became practically applicable with the increase
of computer capabilities.

2.1.1. Behaviorism

Until 1950, behaviorism was the leading educational theory and an approach
to understanding human behavior by considering the mind as a “black box”,
which can be manipulated by controlling external behavior (Cooper, 1993).
Its primary focus is on environmental stimuli. The response to stimuli is
strengthened, if it results in a reward. Based on an environmental stimuli,
applying certain actions through reinforcement and repetition can lead to
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gaining new knowledge where desired behavior is rewarded while unde-
sired is punished. In behaviorism, learning can be defined as acquiring new
behavior through social learning and conditioning (Schunk, 1996). Change
in behavior defines behavioristic learning process, where the main person
in a classroom is an instructor who decides what is right or wrong without
providing the opportunity to students for self-evaluation within the learning
process. Since external changes in behavior are considered as a basis, there
is no space for emotions and internal behavior changes in this educational
theory (Hung, 2001; Skinner, 1974).

2.1.2. Cognitivism

After 1950s, cognitivism became increasingly important, and advocates
of cognitive theory believed that mind could not be considered as “black
box” (Cooper, 1993). They argued that mental processes such as thinking,
problem-solving and memory need to be understood first in order to define
how exactly learning occurs. For cognitive theorists, the environment is not
so important as it was for behaviorists, but individual learners with the focus
on mental processes, building intelligence and cognitive development where
attention is the first part of cognitive development (Hung, 2001). Cognitivists
argued that thinking is so essential and the way people think impacts
their behavior. In contrast to behavioristic approach where reinforcement is
used to change the behavior, cognitivists use feedback for guiding mental
connections (Ertmer & Newby, 2013).

2.1.3. Constructivism

In recent years, constructivism became the prevailing paradigm for instruc-
tional designers (Cooper, 1993). Constructivism is a philosophical view of
how people learn, understand, know, and it has been built upon cognitivist
principles. A French philosopher Jean Piaget was the person who formalized
the constructivism learning theory. The emphasis of constructionism is not
primarily on interaction with an environment, including other social beings,
but on how the mind constructs the knowledge (Dewey, 1906). Even though
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there are many different versions of what constructivism presents, the gen-
eral opinion is that learning represents an active process of constructing the
knowledge, rather than simply acquiring it from an external source. In such
an environment, an instructor is a guide for students who are encouraged
to learn by increasing their participation and being actively involved so
they can build knowledge for themselves rather than simply accepting what
they have read or heard from instructors (Larochelle, Bednarz, & Garrison,

1999).

The constructivist theory is composed of many suppositions, but the philo-
sophical view can be characterized in terms of three main suppositions.
The first supposition represents a core concept and states that what is
learned should not be treated separately from how it is learned. The second
idea identifies that challenges and puzzles can contribute to increase in
motivation and engagement. The final supposition stands that social collab-
oration plays a very significant role in developing individual understanding.
Developing individual understanding, requires social collaboration as a
crucial component. Other individuals can provide other views which can
challenge thinking and develop knowledge even further, so these collabora-
tive groups are necessary to expand and enrich understanding of different
matter (Savery & Duffy, 1995).

In the research conducted by Tynjala (1999), an analysis of the efficiency
of the learning environment in universities in comparison to benefits of
a constructivist approach was performed. Tynjala argues that, in general,
students at universities memorize and reproduce the acquired knowledge
in a very similar way which one would do in a behaviourist learning envi-
ronment. This is a serious issue as the knowledge is not transferable to real
working environments and real-world problems, where problems are much
more complex, diverse and where social factors can influence outcomes.
This passive acquisition of information is completely different from the con-
structivist approach and real constructivist learning environment. Tynjala
also found that students within a well-implemented constructivist learning
environment acquired more diversified and transferable knowledge, and
students that learned in this environment reported that the knowledge they
acquired could be practically applied. Tynjala concludes that findings of this
study suggest that educational outcomes much better fulfill requirements of
real working situations and one of the reasons for this conclusion could be
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found in better transferability of the skills acquired in constructivist environ-
ment (Tynjala, 1999). The social views of constructivism are more recently
linked to Vygotsky as he emphasized the influence of cultural and social
context on learning (Vygotsky, 1980). Based on his work about the impor-
tance of interaction with people for cognitive development, constructivism
is called social constructivism.

2.1.4. Experiential Learning

Constructivists argue that students learn more effectively through self-
exploration and by deducing conclusions by themselves. Experience plays
the central role in the experiential learning model. The experiential learning
cycle (Kolb, 2014) emphasizes the importance of active learning where
learning takes place as a sequence of steps. Designers of digital learning
environments found experiential learning theory as a very useful in their
work (Lainema, 2014). Based on the ideas experiential learning provides,
it is possible to integrate video games and pedagogy in a very effective
way. Computers are able to provide interaction and feedback which is
an important component in the experiential learning cycle. This is very
beneficial for computer-based and game-based learning. Gee (2003) also
argues that experiential learning cycle is present in video games as students
are able to examine virtual worlds, make a reflection on the environments
and situations they were in, make assumptions about certain happenings
and plan next activities based on previous experiences.

2.1.5. Collaborative Learning

One of the main points of collaborative learning is having students col-
laborate, learn together, exchange knowledge, discuss ideas and develop
communicational skills. Many studies have been conducted about collab-
orative learning and most of them found that collaboration has positive
effects to the learning performance, which means that a group of students
have a better chance to perform better than as individuals (Stevens et al.,
2005). Through collaboration, students are developing critical thinking skills
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which are crucial in learning. Besides critical thinking, students are devel-
oping creativity, clarifying opinions and understanding other individual
learning styles and preferences (Bruffee, 1993; McConnell, 2000). Group-
based learning is made by intertwining cognitive, motivational and social
components where every component can support other component (Strijbos,
2004). One of the examples is that the cognitive component can lead to self-
confidence, which can stimulate motivation leading to better collaboration
and improvement of social skills.

2.1.6. Mobile Learning

As a result of new technological advancements in the mobile industry and
availability of mobile devices to broad masses, mobile learning concept has
been created. It relies on existing learning practices but the main differences
are that learners are continually in motion and not in a limited physical
space. Students are following their own pace and selecting topics by their
choice, where learning is based on engaging with mobile devices such as
mobile phones, Personal Digital Assistants (PDAs), smartphones and other.
Adoption of these technologies is becoming more and more noticeable in
further and higher education. Studies have shown that mobile technologies
can increase student engagement and motivation (Tremblay, 2010). Mobile
learning became very interesting for educators, due to the low cost of mo-
bile devices and possibility to monitor and coordinate activities of users
from different locations. However, designing such activities is the complex
and challenging task for educators, which requires a lot of time and ef-
fort, in order to make effective online and distance learning environments
(Kukulska-Hulme & Traxler, 2005).

2.1.7. Adaptive Learning

A perfect school would be the one where every student could have a
dedicated instructor, but that would require more instructors, time for
testing and scoring, resources and data. The purpose of an educator is to
help students master the most important content but the abilities and the
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learning speed of every individual varies, which makes it very difficult
for instructors to create a plan which fits perfectly to all of them. The new
technological advancements and learning approaches are utilized to try to
solve this issue. Adaptive learning is a contemporary learning approach
which attracts more and more interest in the global educational community.
It offers a very effective way of enhancing learning by adapting learning
content to a user’s knowledge level (Chen & Zhang, 2008). Adaptive learning
is a branch of personalized learning, where the learning process can be
adapted to a learner’s needs and interests (Chen & Zhang, 2008). Adaptive
learning is focused on the use of technology to personalize learning where
the system monitors what users are doing and is capable of analyzing
their actions. This results in providing the access to more relevant learning
materials. It works in a way that algorithms adapt the process according to
the given answers. If the user did not perform well, the system will provide
more relevant content to the user or switch to different learning path.
There are many systems which are using this educational and technological
approach for supporting customized and individual learning.

Duolingo (2017) is currently one of the most popular language-learning
platforms with more than 20 languages available to learn and 150 million
registered users. The software tracks users” actions, and based on recorded
data, plans future lessons, and includes tasks which fit student’s knowledge
level. A syllabus is presented on the main screen in a gamified skill tree
structure that users can progress through (see Figure 2.1). Duolingo is not
the only language-learning platform which is based on adaptive learning
principles. Other popular platforms such as Rosetta Stone' or Babbel® use
adaptive learning principles as well Kerr (2015).

Knewton (2017) is a company which created an adaptive learning platform
for personalization of an educational content for the STEM education. The
platform identifies each student’s strength and weaknesses and provides
educational content based on their knowledge level. The company presents
itself as the world’s leading adaptive learning technology provider. The
platform offers courseware for fields such as technology and engineering,
as well as enabling others to build adaptive learning applications. The

LRosetta Stone (2017)
2Babbel (2017)
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Figure 2.1.: A skill tree in Duolingo - organization of the course’s skills with an overview
of a course progress (Duolingo, 2017).

platform performs a sophisticated analysis of students” records and makes
recommendations based on students” needs. There are different learning
paths students can take, and potential student’s flow through course material
can be visualized with Knewton knowledge graph (see Figure 2.2).

DreamBox (2017) is a company which is developing mathematics adaptive
learning technology. The company’s focus is on mathematics education at
elementary and middle school levels. Their software consists of a number
of challenges, animated adventures and games in order to engage students
in learning process.

Computer Adaptive Testing (CAT) Algorithm

Computer Based Learning (CBL) significantly enhanced education science.
It can be even further enhanced with Adaptive Learning as an approach
which adapts to user’s ability level and offers appropriate learning content
for every student (Linacre et al., 2000). In order to obtain the student’s
ability level and provide appropriate learning material, it is necessary to

12
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Figure 2.2.: Different personalized learning pathways (Knewton, 2017).
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perform a test. There are different forms of testing, but the focus is placed on
Computer Based Testing (CBT). Some CBTs are completely linear (Parshall,
2002) and they are the most similar to paper and pencil tests, because they
have fixed size and order of items is predefined. After a user goes through
all the question items and completes the test, the ability level can be defined.
In contrast to linear tests, CAT has a high level of adaptivity, since they can
adapt to each examinee. It can be defined as computer based test which
is dynamically created specifically for each examinee based on examinee’s
ability level and previous responses.

When compared to linear computer-based tests, which are common in
classrooms, CAT is better and more sophisticated method for examinations.
It attracts attention of technical researchers for nearly 40 years (Lord, 1980;
van der Linden & Glas, 2010; Wainer, 2000). In the past, it had many technical
limitations, but with the advances of computers those barriers have been
removed and it became more widespread. By using conventional tests, the
test length is fixed, but the precision is not constant as all the participants
have different ability levels. On the other hand, test length in adaptive tests
is variable, but the CAT is designed to provide equivalent precision for all
test takers with the constraint, that the item bank is properly designed.

CAT is based on Item Response Theory (IRT) which, in contrast to classical
test theory, manages to place item characteristics and examinee’s ability on
the same continuum. As a consequence of IRT properties, item response
function (IRF) (see Equation 2.1) can provide probability information of
answering an item correctly for any ability level a person has and a difficulty
level of the selected item (Lord, 1980). When student’s ability matches item
difficulty, the probability of obtaining correct answer is 50%. As student’s
ability becomes less than the item difficulty, the probability of answering
correctly tends to 0%. In the opposite case when student’s ability becomes
greater than the item difficulty, the probability tends to go to 100%.

1_Ci

Pi(0) =c; + 1+ e L7ai(6=by)

(2.1)

Equation 2.1 is composed of parameters where:

e cis pseudo guessing parameter
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a is a discrimination value

8 is ability level

b the is item difficulty

e is the base of natural logarithm

Graphical representation of different item characteristic curves is shown
in Figure 2.3. IRT models can be categorized based on different criteria.
Dichotomous and polytomous IRT models are based on the number of scored
responses. The dichotomous model has a resulting score with two states
(correct/incorrect) while the polytomous model has more resulting states.
IRT is a family of models which enables flexible use of the parameters.
The number of used parameters depends on the type of the assessment
and fit of the data. Rasch model takes only one parameter, the ability level
of the user, and returns the probability of providing the correct response.
Following IRT principles, this ability level is scaled to values from -3 to 3
and then the new value becomes the theta value which is further processed.
For some cases the two-parameter model is used, where the first parameter
is the ability level and the second one is the discrimination parameter.
The discrimination parameter represents an index of how well the item
differentiates low examinees from top examinees. Finally, if there are some
items where there is reasonable rationale for learners trying to guess the
answer, then pseudo-guessing parameter (1/k) is included in calculations
where k is the number of possible options (De Ayala, 2013).

CAT has an architecture which is composed of five components and is
presented in Figure 2.4 (Linacre et al., 2000; Thompson & Weiss, 2011; Weiss
& Kingsbury, 1984):

1. Calibrated item bank
In this step, questions and content are defined together with their
difficulty level. IRT item parameters are pretested using statistical
analysis of examinees’ responses. For testing purposes, the difficulty
level of items can be set empirically but for production purposes, it is
necessary to use examinees’ responses for statistical analysis.

2. Starting point
A perfect scenario would be if user’s ability level is already known
from some previous tests, but in the case it is not known, the suggested
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Figure 2.3.: Graphical representation of five item characteristic curves (b=-2.0, -1.0, 0.0, 1.0,
2.0; a=.99, c=.00) (Hambleton & Swaminathan, 2013).

difficulty level is 50% as it provides the fair and good starting point
for testing.

3. Item selection algorithm
Selection algorithm works in a way that it finds the closest item in
the item bank for the provided difficulty value. As some of the items
might be recently exposed, an algorithm can try to find another item
which was less exposed and which is still close to the desired difficulty
level.

4. Scoring algorithm
As there are many question types such as multiple choice, single
choice, text, numerical, matching or true/false, the corresponding
scoring algorithm needs to be selected based on the question type.

5. Termination criterion
As a termination criterion different methods can be used: a fixed
number of exposed items, user’s ability level, standard error of mea-
surement or considering some specifications of the item bank.

16
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An example of a process of item administration is shown in Figure 2.5.
Technical implementation of every component will be discussed more in
details in the next chapter.

Challenges

Before implementing adaptive learning systems, it is necessary to take
some technical, business and organizational consideration into account.
Thompson and Weiss (2011) made several considerations that need to be
clarified:

e Does the organization have the psychometric expertise or is it able to
afford it if an external consultant is used?

e Does the organization have the capacity to develop extensive item
banks?

e Is an affordable CAT delivery engine available for use, or does the
organization have the resources to develop its own?

e Will converting the test to CAT likely bring the expected reduction in
test length?

e Does the reduction in test length translate to enough saved examinee
seat time, which leads to monetary savings?

o If CAT costs more and does not substantially decrease seat time, is
that fact sufficiently offset by the increase in precision and security to
make it worthwhile for the organization?

After considering these issues, implementing CAT and properly testing it,
positive effects of CAT implementation will start to become visible.

Forgetting Curve and Spaced Repetition

Hermann Ebbinghaus presented the hypothesis of the exponential nature
of forgetting which can be described by the curve that shows the decline of
memory retention in time (Ebbinghaus, 1913). According to his hypothesis,
humans are forgetting newly learned knowledge in a matter of days or
weeks. In order to retain the knowledge in memory, it is necessary to review
it over and over. Spaced repetition is a powerful learning technique for
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Figure 2.4.: Flowchart of the CAT algorithm (Thompson & Weiss, 2011).

18



2. Background and Related Work

70

60 - Ability
Level

Fail
Pass v

Fail

30 - Pass

ltem Difficulty Level
.
o

20

10 .

T I T ) I T I ] I I

o 1 2 3 4 5 6 7 8 9 10 11 12
Dichotomous ltems Administered —

Ability
Level

30 -

[tem Difficulty Level
'
o

b
o
1

_—

10

T T T T T T T T T

o 1 2 3 4 5 6 7 8 9 10 11 12

Polytomous ltems Administered —

Figure 2.5.: CAT item administration. (Spronck et al., 2004).

19



2. Background and Related Work

keeping learned knowledge longer in memory where reviews are spaced
in gradually increasing intervals (Settles & Meeder, 2016). This means
that once students learn new concepts, the sCool system should update
knowledge level over time and offer them those concepts to be reviewed
again, according to the spaced repetition principles.

2.2. Games in Education

Computer and video games are attracting more and more attention of
scientific community because of the influence video game industry have
on students’ lives in recent years (Squire, 2003). Motivational aspects and
pedagogical potential of computer and video games have been studied
in order to design enjoyable educational environments and facilitate the
learning process. Video games are used not only for the entertaining, but for
simulation and training purposes as well as they are capable of visualizing
and simulating real-world processes and situations. These games are called
serious games and they are used as complementary educational tools in
different areas, such as physics simulations, flight simulations, healthcare
or military purposes (Michael & Chen, 2005).

2.2.1. Play

Through the process of growing up, playing has a significant importance in
young person’s development, and this fact is sometimes overlooked. After
observing children’s behavior, some questions arise, such as why do they
play, what can they learn when they play and how this experimentation
and exploration of environment influences their further development? Play
is strongly connected with early stages of life, but as people grow up,
community treats play as something childish and perceive it as immaturity.
Contrary to this supposition, it has been shown that play has a powerful
influence on learning which makes it fundamental to the development of
both children and adults (Rieber, 1996). One of the greatest minds in human
history, Albert Einstein, said “play is the highest form of research”. This scientist
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emphasized the importance of play and its influence on experiments and
research.

Play can be defined as a free and voluntary activity without any specific
goal, a source of joy and amusement. Within the games, players are devoting
themselves to the game spontaneously on their free will (Caillois, 1961).
Even though playing video games leads to lack of physical activity or poor
face to face social interaction, studies have shown that video games can be a
powerful tool in education by developing intellectual and emotional skills
in young people (Chang, Kuo, Chen, Hirose, et al., 2009; Crawford, 1984).

Students of age 11 to 19 are pursuing high school depending on a country.
By entering high school, students start their professional specialization
in certain fields. The high school period for teenagers is when they need
additional motivation to overcome the challenges that educational matter
in high school brings and this could be supported by video games as
students are very familiar and comfortable with this medium. There is
a wide variety of video games with the educational purpose which can
support science. It is often thought that dealing with science requires many
years of intense education, solving unsolvable problems behind the closed
doors of laboratory and that it is unapproachable for a regular person. There
are many examples where regular people in human history made the huge
contribution to the science. Many of these solutions were very simple for
some unsolvable problems.

2.2.2. Defining Games

There are many definitions in gaming literature of what term “game” means.
It is also hard to define what the game exactly is as there are many different
types of games. According to the gaming literature (Crawford, 1984; Oxland,
2004; Prensky, 2003; Salen & Zimmerman, 2004), an activity to be considered
as a game should have components such as:

Players

Rules and constraints
Quests and challenges
Outcomes
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Goals

Feedback

Interface to the game world
Competitions
Representation of story

De Freitas (2006) defines computer-based learning games as “applications
using the characteristics of video and computer games to create engaging and
immersive learning experiences for delivering specified learning goals, outcomes and
experiences”. A genre is the French word for a type and games are categorized
by various types. Wolf (2001) describes more than 40 game genres. Exploring
different game characteristics is beneficial for understanding which game
genre provides the best grounding for designing an educational video
game. General classification which avoids subcategorization is extracted
from gaming literature (Crawford, 1984; Oxland, 2004; Prensky, 2003; Schell,
2014) and is presented below:

Role-play
Platform
Adventure
Shooter
Puzzle
Strategy
Sports
Simulation

There is a number of models of game psychology that have been proposed,
but the earliest and the most referenced is Bartle player types. This model is
very simple one which classifies video game players as Achievers, Explorers,
Socializers, and Killers. Killers interfere with the functionalities of a game
world as well as actions produced by other players. Achievers are very
competitive and enjoy beating difficult challenges. Explorers enjoy exploring
the world, but not only that, they explore the game mechanics as well trying
to explore game shortcuts and other tricks. Socializers are very interested in
having relations with other players, instead of only focusing on the game
itself. (Bartle, 1996). Bartle also found that players are not constantly in one
of the primary categories, but they drift between others depending on their
mood and status within the game.
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Bartle player types are also used in Gamification. Gamification represents
utilizing game mechanics such as points, leaderboards or badges in a non-
game context to promote desired behavior (Deterding, Sicart, Nacke, O'Hara,
& Dixon, 2011). The main difference between the games and gamification is
that gamification uses game elements as a reward for completing existing
systems while video games represent the system itself.

2.2.3. Motivational Aspects of Video Games

Video games became one of the most influential forms of entertainment in
the world so many educators are interested in the research of what effect
video games have on players and how those motivational aspects of video
games could be used to facilitate learning. Motivation plays a key role
in every aspect of human behavior which requires an action or intention
to perform a physical or mental activity. It was challenging for cognitive
science to define motivation, but one of the definitions is that learner is
willing to make an additional effort to engage in a new age of learning (Gee,
2003). There are studies which examined the source of motivation in video
games. Some attributed the compelling nature of games to their narrative
context, while others find that motivation is connected to objectives and
rewarding system within the game or to the intrinsic source because players
enjoy the activity (Dondlinger, 2007).

Main concepts which make a video game interesting are a challenge, fantasy;,
and curiosity. After observation of some of the most popular video games, it
was noticed that players are in control of their action, they have clear goals
and objectives, the game difficulty fits players” ability level and they are pro-
vided with clear and instant feedback (Squire, 2003). Video games manage
to maintain high levels of motivation and engagement in players by keeping
them in the flow channel (see Figure 2.14). According to Csikszentmihalyi,
players are in the state of optimal experience, where difficulty is neither too
challenging nor too easy where frustration and boredom can be avoided.

After comparing video game players who are engaged in states of flow
with students in traditional school environments, it was noticeable that
students do not have much control over what they learn, they are passive
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recipients of presented educational content, they have to adapt to a pace and
an ability level of the whole group and very often they are getting imprecise
or unresponsive feedback (Squire, 2003). Squire (2003) also discusses that
motivational aspects of video games could be utilized for improving learning
environments. With traditional teaching methods, it is challenging to make
learning fun. The scientific community is more and more interested in the
use of games and simulations to support learning, so enjoyable educational
programs should support (Gee, 2003):

Possibility for players to be in control of their actions

Clear goals which are meaningful for students

Clear feedback on their performance

Defining difficulty levels and adjusting game difficulty to a learner’s

skills
e Random elements of surprise

After creation of a video game, the next step is to perform an evaluation.
Brockmyer proposed the game engagement questionnaire for determining
the measure of engagement in a video game-playing (Brockmyer et al., 2009).
According to Gee (2003), “motivation is the most important factor that drives
learning. When motivation dies, learning dies and playing stops”. Video games
motivate players to persevere, keep going and step by step teach them how
to play the game. As many students lack motivation and give up at the
beginning of their courses, exploring key game components might reveal
the secret of successful education. Besides engagement, exploring the game
mechanics represents one of the main motivational forces.

There are different ways of learning based on different personalities and
psychological effects that drive students and they can be categorized as
cooperative, competitive, and individualistic learning (Johnson & Johnson,
1994, Vorderer, Hartmann, & Klimmt, 2003). In order to make an effective
educational video game, all three components should be incorporated.
People who are competition-driven will seek for competitive games where
they can compete, try to achieve the best result and see themselves at the top
of the high-score list. Individualistic people are not driven by social influence
to achieve their personal benefits, while cooperation-oriented individuals
try to facilitate learning process with the help of others and at the same time
contribute to the benefits of others. As competitive games attract learners
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with competitive preferences, they are not completely suitable for other two
types of learners. One of the ways how they can be incorporated as well
is that video game could have competitive groups (Burton-Chellew, Ross-
Gillespie, & West, 2010). These groups can compete and fulfill competitive
requirements but at the same time, individuals can work for themselves in
the groups as well as together with others for the benefit of the group.

2.2.4. Video Games for Educational and Training Purpose

Video games can be designed for other purposes rather than for entertain-
ment, enjoyment or fun. They have been used in different areas such as
healthcare, education, military or engineering. Serious games represent us-
ing video game technologies in the educational game context where learners
are placed in entertaining and comfortable environment (Mentzelopoulos,
Parrish, Kathrani, & Economou, 2016; Michael & Chen, 2005).

Learning starts with observing the environment, school education, personal
development or training and it can be supported by motivation. Learn-
ing may occur consciously or without conscious awareness. Concepts of
constructivist learning environments are important for this study as these
ideas are apparent in certain types of video games. Some researchers have
discovered that well-designed video games follow constructivism principles
(Dondlinger, 2007). Exploration and puzzle components in video games
arouse mental processes in players such as thinking and problem-solving.
There is a diversity of opinions which game genre is the best for educa-
tional purposes. Adventure and exploration games appear to provide a
good foundation for the development of teaching resources (Oblinger, 2004;
Quinn, 1994). The characteristics of adventure games are that they are story
driven by exploration, solving puzzles and overcoming challenges. Skills
required to play adventure games identified by students include logic, mem-
ory, visualization, and problem-solving. According to Betz (1995), computer
games are enhancing learning through experimentation, visualization, and
creativity of play.

A good example of experiencing real-world environments are virtual worlds,
where players through immersion get the real notion and experience of the
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environment, so video games can be a good context for problem-solving.
Video games can have worlds and environments which users can explore.
Once learners practice their skills in video games, they can apply their
knowledge in real-world situations (Kalyuga, 2007). By using immersive
virtual environments, real-life challenges can be even better simulated so
the final result of the practice can be improved. Finally, a basis for the
constructivist approach, which is learning from peers and collaboration, can
be facilitated through multi-player video games so the overall experience
can be brought to a higher level (Whitton, 2007).

There are citizen science games and projects where players play the most
important role in solving indecipherable problems. One of them is the game
called Foldit (2017) where the crystal structure of a monomeric retroviral
protease has been solved by game players after many years of unsuccessful
attempts by researchers (Khatib et al., 2011). Foldit (see Figure 2.6) presents
the protein folding as an online puzzle game where thousands of people
have taken part in the project and managed to make a small revolution in
science by solving the problem and proving that capabilities of the unsci-
entific community must not be underestimated. Eyewire (2017) is another
example of citizen science game created in order to map the brain which is
developed at Massachusetts Institute of Technology (MIT). There are many
other gamified projects and platforms such as Zooniverse (2017) which
gathers people to utilize their visualization ability for object classification as
machines are still not powerful enough as humans to detect and separate
very complex visual objects. Games can visualize the problem, provide a
toolbox and environment for a citizen scientist to tackle it, where players are
not even aware of the complexity of the problem. In fact, science problems
and an educational material can be turned into a game where all these
elements are carefully presented through a game story.

2.2.5. Game-Based STEM Education

Video games attract an enormous number of users and that number is much
higher than a number of students which annually graduate with bachelor’s
degree in the STEM (see Figure 2.7), which motivated science educators to
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Figure 2.6.: Folded up Streptococcal Protein Puzzle (Foldit, 2017).

try to find solutions for having more students engaged with STEM disci-
plines (Mayo, 2009). Engaging students in complex and abstract phenomena
of STEM disciplines is a very challenging task, but representing simulations,
such as physics or chemistry simulations, through video game conventions
could increase engagement and support deeper learning (Cordova & Lep-
per, 1996; Gee, 2003). Many science educators are utilizing video games
as a tool for physics learning, because they believe that physics is the best
taught through experiments and visualization rather than by mathematical
formulae. Supercharged is an electromagnetism 3D simulation game where
players are planning and conducting experiments by placing charged parti-
cles, observing their effects and exploring electromagnetic mazes (Squire,
Barnett, Grant, & Higginbotham, 2004).

Websites such as Whyville3 are having millions of users playing science
and mathematics games on the voluntary basis. Teenagers spend 5 to 8
hours per week playing games which surpasses the time they spend on
their homework. To tackle this problem, B.D. Coller designed a racing car
game for teaching numerical methods which resulted in twice the time

3Microsoft Azure (2017a)
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Figure 2.7.: Comparison of online game subscriptions to U.S. bachelor’s degrees awarded
across all STEM disciplines. Screenshot taken from (Mayo, 2009).

students spent more on homework (Mayo, 2009). There are other math
games such as DragonBox* which is a popular mobile game for teaching
children algebra, where children are solving linear equations through the
game without realizing that they are learning. The Circuit Warz project
is using immersive virtual worlds and showing how they can be used to
create a game based approach for teaching Electrical Engineering while
supporting team-based collaboration. It shows hardware components in 3D
world by simulating real laboratory environments (Callaghan, McCusker,
Losada, Harkin, & Wilson, 2013).

Students study programming because it is necessary for various disciplines,
as understanding of programming concepts requires strong mental activities
and knowledge of mathematics and logic. Many students face difficulties
grasping many abstract concepts which are present in these courses. Learn-
ing programming is a difficult process as it requires a combination of dif-
ferent cognitive activities from problem-solving to creativity. Papastergiou
(2009) also argues that supporting students with additional, non-traditional,

4DragonBox (2017)
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educational tools is important for reaching educational goals and increasing
self-motivation in students. In order to make this process easier, researchers
tested the influence of collaboration on this process.

Collaboration for problem-solving has been shown to be very useful as pro-
grammers can discuss the problem, exchange ideas and propose solutions
based on their previous experience (Flor & Hutchins, 1991). Collaboration is
not only useful for experienced programmers but as a good pedagogical ap-
proach for introductory programming (Cubrani¢ & Storey, 2005; McDowell,
Werner, Bullock, & Fernald, 2002). Programmers working in pairs express
a higher level of confidence about their work, the programming process is
more interesting and joyful which is very beneficial for problem-solving
(Nosek, 1998).

The scientific community is constantly trying to find more effective ways of
teaching students programming by moving away from traditional didactic
teaching theories to learner-oriented models of learning. As video games are
intrinsically motivating, they offer potentially powerful learning environ-
ments. Using this powerful fact and incorporating it into the education could
lead to solving some important educational problems such as boredom,
anxiety and lack of motivation. They increase interest and engagement even
after the class, which is a good reason for introducing computer game-based
learning (Dickey, 2005; Nawrocki & Winner, 1983; Oblinger, 2004; Squire,
2005).

In order to facilitate the process of teaching and learning of introductory
programming, serious games could be used as they showed positive effects
and outcomes in earning introductory programming (Kazimoglu, Kiernan,
Bacon, & Mackinnon, 2012). Even though serious games show positive ef-
fects on teaching and learning, there is a lack of studies evaluating serious
games as the highly effective approach which could strongly aid or even
replace current teaching and learning methods (Sung et al., 2011). There are
many block-based programming languages and environments for games
creation, such as Scratch (2017) and Alice (2017). These tools teach students
programming by hiding specific language syntax and exposing code ele-
ments as blocks through drag-and-drop interaction, but they are not games
as such, because they lack some of the core game features such as timely
teedback and rewarding system which motivate players to explore more.
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2.2.6. Showcase of Programming Games

A number of studies used serious games to facilitate the learning process
of introductory programming and some of these serious games will be
discussed with their characteristics, programming topics, and target plat-
forms.

RoboCode

RoboCode> is a multi-platform desktop game built to support learning
Java programming language. The goal of the game is to program artificial
intelligence (Al) for a tank and have it fight in a battle arena against tanks
programmed by other players. It is possible to program a robot to move,
shoot and scan for the opponents. RoboCode provides development envi-
ronment, built-in robot editor, and Java compiler. RoboCode community is
large and diverse, and coding challenges are being held worldwide.

Colobot

Colobot® is a real-time strategy 3D game with the goal to find a planet
which could be colonized by humans (see Figure 2.8). A player needs to
program vehicles, prepare necessary infrastructure and fight aliens which
are endangering expedition. The vehicles are controlled in a way that users
have to program them. The typed code is a pseudo-code which has similar
syntax to C++ and Java.

CodeSpells

CodeSpells? is a desktop game which teaches coding. Players craft magic
spells and test them on the surrounding landscape by combining different
elements such as fire, water, air, and earth. The game uses intuitive drag-
and-drop block language to form different spells which can be later used
and shared with friends. In the coding interface, users can prepare each spell
and specify what exactly the spell will do. It became widely popular after
very successful crowdfunding campaign and raising more than $160.000
with more than 5000 backers.

5Robocode (2017)
6Colobot (2017)
7CodeSpells (2017)
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Figure 2.8.: Screenshot of the Colobot game (Colobot, 2017).

Code Combat

Code Combat® is a web-based role-playing game (RPG) with fantasy artwork
where a player is controlling a character and fighting enemies by typing
code (see Figure 2.10). This game offers a variety of programming languages
to learn, such as Python or Lua. Besides general purpose programming
languages, the game has web development levels as well. The game shows
code errors and provides suggestions for how to fix them. Code Combat is
free-to-play for all the core levels, but there is an option to buy additional
levels and in-game currency. There are some other popular web-based pro-
gramming games such as CodeMonkey?, CodinGame'® and Code Hunt"".
Code Hunt is a Microsoft’s research project where they created serious
gaming platform for coding contests and practicing programming skills.
Players need to find solutions for puzzles and pass given test cases. It had
over 350.000 players since 2016th when it was released (Code Hunt, 2017).

8Code Combat (2017)
9CodeMonkey (2017)
9CodinGame (2017)
" Code Hunt (2017)
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Figure 2.9.: Crafting and testing spells on the surrounding landscape (CodeSpells, 2017).
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Figure 2.10.: Screenshot of the coding interface in the Code Combat (Code Combat, 2017).

Swift Playgrounds

Swift Playgrounds™ is an iPad game created by Apple which teaches Swift
programming language through a video game (see Figure 2.11). Each level
represents one programming lesson. Users learn basic programming con-
cepts such as variables, operators, loops, functions, and progress through
levels to more complex topics and challenges. Users are provided with
code box where they can type the code or drag and drop some predefined
commands. The Character is being controlled With the combination of basic
commands, loops and conditions. An overall feeling is that the game is
visually appealing and easy to use. There are other games for tablets that
teach basic programming concepts such as Tynker and Box Island. Browne
from McMaster University developed tablet serious games for teaching
introductory computer science concepts (Browne & Anand, 2013).

SpriteBox

SpriteBox'3 is a puzzle-platformer mobile game with a mixture of explo-
ration and learning kids to code. This game teaches basic principles of
programming by allowing users to solve logical puzzles presented on screen
and fill in missing parts of the code (see Figure 2.12). The game enables

Playgrounds (2017)
BSpriteBox (2017)
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Figure 2.11.: Screenshot of the Swift Playgrounds (Playgrounds, 2017).

users to change parameters and debug faulty logic. There are other mobile
games with similar purpose such as Hacked (2017), Lightbot (2017) and
Pirates (2017). Hacked is Android game where a player is the main character
who is performing hacking activities and saving the world by solving coding
challenges in H programming language. Lightbot and Coding Pirates games
do not expose code but teach programming logic through some predefined
commands for movement.

2.3. Overview

After exploring existing educational tools and video games for teaching
students programming, the conclusion is that majority of them are created
for desktop devices, because the screen size is large enough and desktop
devices represent a more convenient platform for presenting educational
content than the screen size of mobile devices. An overview of analyzed
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Figure 2.12.: Preset list of commands and an interface adapted to the small-screen devices
(SpriteBox, 2017).

games and comparison based on the target device and programming topics
is presented in Table 2.1. Desktop games such as Code Combat and CodeSpells
are designed to support both simple and advanced educational concepts
as they are attracting a large number of users around the world. On tablet
devices, only Apple’s Playground Swift game was sufficiently good designed
and implemented to compete with desktop-based games. The screen size is
sufficient for displaying educational content and the game enables users to
follow guides, learn programming lessons and practice their skills by typing
the code. At the time of writing, there are applications which are using
gamification elements, but mobile video games which systematically teach
programming and provide environments similar to real coding environ-
ments, are not in common practice. The problem might lay in the screen size
of mobile devices, so a majority of developers are focused on large-screen
devices. Many of them have already predefined curriculum which cannot
be updated by instructors and which does not fit student’s ability level.

35



2. Background and Related Work

Title Target Device/Platform | Programming Topics
Code Combat Web JavaScript, Python, Clo-
jure, Lua, CoffeeScript
Code Hunt Web C#, Java
CodinGame Web JavaScript, Python, Ruby,
Java, Swift, C#, Scala
Robocode Desktop(Windows, Java, NET
Linux, Mac OS)
Colobot Desktop(Windows) Java-like language
CodeSpells Desktop(Windows, Block-code,  Program-
Linux, Mac OS) ming logic
Swift Playgrounds | Tablet(iOS) Swift
Tynker Tablet(iOS, Android) Programming logic
Box Island Tablet(iOS, Android) Programming logic
SpriteBox Mobile(Android,iOS) Programming logic
Lightbot Mobile(Android,iOS) Programming logic
Coding Pirates | Mobile(Android,iOS) Programming logic
Game
Hacked Mobile(Android) Programming logic, H

language

Table 2.1.: Comparison of the analyzed programming games.
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2.4. Mobile Trends

According to the analysis of a Newzoo (2017), company which is publishing
game statistics and market predictions, currently, there are more than a
billion worldwide players. Pew Research Center (2017) states that 88% of
high school students (13-17 years old) have a mobile device and 72% of
them are playing video games. Newzoo presented global mobile market
report where there are 2.6 billion smartphone users across the globe in 2017.
where almost 50% come from China and India. Until 2020. there are going
to be 3.6 billion consumers which means that almost every second person
in the world will have a smartphone. According to Newzoo’s estimations,
there are 3.2 billion smartphones and 260 million tablets with more than
7,000 device models. Smartphone users forecast is presented in Figure 2.13,
and in the period of only three years (2017-2020) the number of smartphone
users will be increased by a billion.

These facts are the additional contribution to other studies which show that
people are intrinsically interested in games, that they feel comfortable in this
zone and that this important fact can be used in order to make educational
process more interesting and less stressful at the same time (Oblinger, 2004).
Placing more effective focus on mobile games research could lead to the
overcome of many problems that are identified in present education.

2.5. Dynamic Game Balancing (DGB)

DGB has a significant role as it prevents players becoming bored or frus-
trated by making sure that the challenge level matches the skills of the
human player. Adjusting certain parameters in a game, based on player’s
abilities, the game becomes more interesting and engaging. Selecting diffi-
culty level at the beginning of the game can lead to frustration, so adapting
the difficulty dynamically based on the player’s ability is more complex but
more beneficial approach. Software system needs to know when and how
to intervene in order to maintain a natural game flow by keeping the player
challenged and interested, which is a very difficult task. (Hunicke, LeBlanc,
& Zubek, 2004). M. Csikszentmihalyi developed a flow model which is
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Figure 2.13.: Screenshot of smartphone users forecast by Newzoo (2017).

widely used today in order to keep the player in the flow channel. This
means that player is being kept in the states where the game is neither too
challenging nor too easy (see Figure 2.14).

There are different approaches in literature for addressing DGB and some
of them are:

e Hunicke and Chapman (2004) suggest monitoring game parameters
such as current health percentage, an equipment the player has, a
number of opponent units surrounding the main player or their dam-
age. Based on these parameters the system can decide should it help
the player or make opponents stronger by adjusting the damage, de-
creasing the number of enemies or recovering health points faster.

e According to (Olesen, Yannakakis, & Hallam, 2008) racing games
implement a very commonly used approach called elastic factor, which
goal is to make a game more balanced. This means that Al is built in
such a way that it keeps a computer car close to the player by keeping
a short distance behind the player or overtaking the player and making
the moment more challenging for the person who is playing the game.
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Figure 2.14.: Csikszentmihalyi’s flow model (Hunicke & Chapman, 2004).

A key behavior of Al is that it needs to behave in the natural and
realistic way, otherwise the players will realize what is happening
behind the scene and the Al and game will become predictable.
Modification of the behavior of the non-player characters. Using dy-
namic scripting to adapt game Al in order to get an even game with
difficulty-scaling enhancements such as high-fitness penalizing, weight
clipping and top culling. Machine learning techniques have shown
an outstanding success in learning the behavior of human player and
adapting difficulty level to them (Spronck et al., 2004). A poor Al
for computer-controlled opponent leads to dissatisfaction of game
players making them prefer human-controlled opponents, so in this
case improving the game Al is a necessary step (Schaeffer, 2001).
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2.6. Conclusion

Video games have shown a great pedagogical potential and this is one
of the reasons why there are more and more game-based learning tools.
Large-screen devices are already being used by broad masses in educational
purposes and these devices have enough space for displaying different types
of educational content, so the majority of educational tools for teaching
both basic and advanced concepts are being dedicated to desktop and tablet
devices. Even though mobile devices have increasing trends, there is an ob-
vious lack of mobile educational tools for teaching more advanced concepts
for high school and first-year university students. Some existing mobile
games for learning programming are offering concepts of programming
logic but the games which simulate real programming environment, have
a web platform for content creation, adapt educational content and game
difficulty to the player’s needs, are not in a common practice. Therefore,
there might be an increasing demand for more educational tools of this kind
as the number of mobile users is rapidly increasing.

As video games offer more engagement than the traditional way of following
a didactic lecture, utilizing mobile growing trends in educational purposes
and presenting educational content for students through mobile games
could increase motivation and engagement with the STEM disciplines.
One of the possible solutions is creation of a multidisciplinary educational
mobile game so that players can explore different STEM disciplines and
learn following their own pace. In the beginning, it is important to confirm
whether a mobile game can engage students in learning and whether it is
possible to effectively present educational content on a small-screen device
such as mobile phones. Therefore, the programming is selected as a starting
discipline for the purpose of the thesis but the project can be easily extended
to other disciplines as well. Students are becoming more motivated to learn
to code if they are making a game, programming a robot or having similar
activity so they can quickly see the output, real purpose of what they are
doing and real potentials of this discipline.

All these facts create a demand for new approaches to increase the motiva-
tion of students. By utilizing game based learning, DGB, and the adaptive
learning, the learning process of this complex discipline might become easier
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and fun. Finding a good solution for some of the above-mentioned educa-
tional challenges could be very significant as the knowledge of programming
is very demanding for wide variety of jobs in the present and future as well.
Throughout smart and clever implementation, the game-based learning has
a good potential to facilitate the process of STEM education.
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3. Design and Conceptual Model

This chapter describes the design and the conceptual model of this project.
Also, it discusses potential concerns which should be taken into consider-
ation during the design process. After exploring existing video games for
the STEM education, the conclusion is that most of them are dedicated to
desktop devices. These devices are more convenient for presenting educa-
tional content because of the screen size. Also, educational video games
for mobile devices are mostly teaching very basic concepts. However, there
are increasing mobile trends and obvious lack of educational video games
for high school and first-year university students, which are interested in
learning more advanced topics.

Combining concepts such as the mobile STEM game-based learning, pro-
cedural generation, dynamic game balancing or adaptive learning into the
project called sCool, can create a new value which is not in common practice.
The sCool project consists of a multi-platform mobile educational game
and a web platform where instructors can prepare their own curriculum,
track the progress of their students and help students in needs for specific
educational content which they had difficulties to grasp. This project fol-
lows industry standards and is inspired by some of the above-mentioned
projects such as Duolingo (2017), Playgrounds (2017), Code Combat (2017)
and Sololearn (2017).

3.1. Functional Requirements

Based on the findings and analysis of already existing systems, this section
discusses the main requirements of the project. Some requirement such
as educational video games or web platforms for creating educational
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content are already known features. The video game is the main component
which students use and it simply has to be implemented together with
the web platform where content can be created, updated or deleted and
afterwards dynamically loaded into the game. Mobile games which are
loading educational content from an external source are not basically a new
concept, but there is space for improvements when compared to existing
systems.

3.1.1. Mobile Video Game

Mobile video game components which should be integrated to support
player engagement and motivation to learn, are given in the list below:

e Educational Content - loading educational content by presenting
courses and course material in the form of levels. The advantage
of loading content from an external source is that it can be constantly
updated and improved. Afterwards, it can be cached and used from
the local memory.

e Active Learning - active learning component relies on the educational
content component by providing users the freedom to learn whenever
they want, whatever they want and as much as they want.

e Theoretical Mode - enabling users to learn theoretical aspects of
selected course material.

e Practical Mode - enabling users to practically apply gained knowledge
of selected course material.

e Feedback Mechanism - students are able to see results of every action
and progress in the game.

e Social Feeling - incorporating components such as friends, teams,
messages, and comments in order to support collaboration, engage-
ment, and motivation.

e Procedural Generation - generating an endless number of levels by
using procedural generation algorithms so instructors do not have
to spend their time on level design but on their courses. Every time
students run the game, they will see a completely different level.

¢ Dynamic Game Balancing - balancing game difficulty based on player’s
progress in order to keep the players in the natural flow.
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e Collaboration - students are able to collaborate, exchange their ideas
and knowledge and learn together.

e Competition - students are able to compete with other players and try
to achieve more in order to be better positioned on the leaderboard.

e Player Customization and Upgrades - user can be more engaged by
being able to customize some visual components of the player and,
use items from inventory and to upgrade character’s capabilities by
using virtual currency.

e Statistics and Logs - tracking every user’s action which includes user’s
taps, selected options, loaded screen name, player customization and
inventory. These data are sent together with game and educational
statistics to the web platform for further processing.

3.1.2. Web Platform

The purpose of the web platform is to enable instructors to create an
educational content and to use analytical tools in order to help students
which are not performing well.

Requirements for the web platform are:

e Content Creation - module for creating content which includes courses,
categories, lessons and tasks.

¢ Inviting Students - instructors are able to create a course and invite
students by sending them invitational tokens over email.

e Analytics System - instructors are provided with analytics tools so
they can track the progress of the students and identify which concepts
students find challenging to grasp. Some functionalities of the analyt-
ics system are: an overview of daily active students for the specific
course, detailed analytics about player’s activities, learning progress
and provided answers.

e Adaptive Learning Module - every time a student plays a new level,
server’s adaptive learning mechanism will be triggered and it will
retrieve a task which fits the best student’s knowledge level.
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Web application programming interface (API) - the mobile game is
fetching lessons from web APIs and sending statistical data to server’s
access point.

Databases - the database system for supporting the web application
and storing player’s statistics. These statistical data can be later used
for further analytics and better understanding user’s behavior and
preferences.

Non Functional Requirements

Non-functional requirements play a significant role in software development
process. The significance is even higher if the community is the target
audience. Some of the most important non-functional requirements are:

Usability - the system has to be user-friendly, simple to understand,
and easy to navigate through. Regarding the video game, it definitely
needs to be visually appealing with an enjoyable art style and clear
user interface. The web application needs to be easy to navigate and
use for the content creation. Usability should increase an overall user
satisfaction and motivation by enhancing learnability, handling errors
in a user-friendly way, and providing expecting results for user actions.
Configurability - users should be able to manage the learning content
without the assistance of an expert. The system should be configurable
and able to support different functionalities without additional code
changes.

Modularity - the system should be able to adapt and support differ-
ent courses, tasks, and other activities. This is necessary in order to
keep users engaged over a longer period of time. Modules should be
independent so they can be reusable and easily extendable.
Scalability - the system has to be stable and capable of serving a large
number of players.

Security - contemporary security standards should be reached in
order to provide secure operations, protect the data privacy, and reject
potential attacks.
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e Tutorials - as every user needs some time to adapt to a new system, it
is recommended to have a quick introduction how to use the system.
By doing this, frustration can be avoided and users could be more
motivated to continue using the system.

e Multi-platform - supporting different mobile platforms such as the
iOS, Android or Windows Phone for reaching out more players.

3.3. Conceptual Architecture

Based on the derived requirements, a conceptual architecture model is
designed. This conceptual architecture is the simplified representation of
the main components and activities in the system. The simplified model is
created for easier understanding of the project, where the Figure 3.1 shows
an overview of system’s most important components and activities.

The mobile game consists of the following components:

e Player - a player represents one of the main components in the system.
Players are interacting with the mobile game, learning while playing
levels, and competing with other players.

e Educational Modules - after all the educational content is obtained
from the server, a player should be able to select one of the courses
and play the game. Theoretical levels should have lessons and each
of them should be followed by a quiz. On the other hand, practical
levels should come with instructions and tasks. Users have to follow
provided instructions and solve the given tasks. Depending on the
selected course, corresponding game mechanics and user interface
should be shown to the user. Some of the STEM modules that could
be incorporated into the game are:

- Programming

— Electrical Engineering
- Physics

- Mathematics

— Chemistry
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e Other Modules - modules which influence game characteristics and
features:

- Game Mechanics - the game should encompass different game
mechanics such as moving the character, fighting enemies, con-
trolling the robot, avoiding obstacles, and collecting disks.

- Procedural Generation - students are able to explore different
procedurally generated maps where enemies and other collectible
items are dynamically positioned on the map.

- Dynamic Game Balancing - component for dynamic game dif-
ficulty and content balancing based on student’s progress and
knowledge level.

- Collaboration - collaboration component where students can
communicate, exchange their knowledge and help each other.

— Competition - component which drives and motivates students
to perform better by having the best ranking on the highscores
list.

- Active Learning - enabling students to learn whenever they want
and whatever they want by following their own pace.

e Data Serialization - serialization of the game statistics, learning data,
and logs and sending these data to the server.

e Loading Game Content - obtaining data from the server, performing
deserialization, and integrating obtained content into the game.

The web application consists of:

e Data Processing - data sent from the video game needs to be processed
and stored for further analysis.

— Student Answers - processing student answers and storing them
in the database.

- Adaptive Learning Component - every time a student plays a
new level, server’s adaptive learning mechanism will be triggered
and student’s knowledge level will be updated.

- Storing Logs - logs about every player’s action is stored for
further processing and analysis.

e Web Application & Database - the web application for instructors
with database system for supporting the web application and storing
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educational content and players’ statistics.

— Content Creation - this module enables instructors to create
courses, lessons as well as practical and theoretical tasks.

— Analytics System - instructors are provided with analytics tools
so they can track the progress of the students and identify which
concepts students find challenging to grasp.

- Highscores - highscores component for managing highscores list.

e Web APIs - the mobile game is fetching lessons from web APIs and
sending statistical data to server’s access point. These APIs include
user registration, obtaining courses and educational content, process-
ing theoretical and practical tasks, storing game statistics, highscores,
and joining a course.

3.4. Evaluation of Frameworks/Engines

The first and the most important technical decision is to select a proper
environment or framework. Before making this decision, it is necessary
to make an analysis of environments and frameworks which can satisfy
defined project requirements.

3.4.1. Mobile Video Game

As the goal of this project is to create the multi-platform mobile game
and try to reach as many players as possible, an appropriate technology
which can support this requirement needs to be chosen. There are several
important criteria such as how easy it is to learn and work with, what are
the capabilities of certain technology, and finally the pricing as this project is
indented for educational purposes. Some of the most popular game engines
are shown below.

e Unity3D" is one of the most popular game engines which supports
both 2D and 3D game development and exporting a game for different

TUnity (2017)
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Figure 3.1.: Conceptual model of the sCool project with its core components.
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platforms. It offers a number of features and its interface is easy to
work with. Unity3D is the free game engine but there is a Pro version
with more advanced features. It supports multiple languages like C#,
UnityScript, and Boo.

Unreal Engine 4 (UE4)? has very advanced dynamic lighting and
particle system which can handle thousands of particles at one time.
It can be utilized to create games with photo-realistic graphics. The
scripting language in UE4 is C++ and UE4 has a steeper learning curve
so it might not be a perfect solution for new game developers. This
game engine is free until the game earns a certain amount of money
when the developers have to pay for a license.

Construct23 is a very good solution for developers who do not have
much experience and it is not suitable for larger and more complex
projects. It is a free tool which is based on the concept of “events”
and ”behaviors” and enables multi-platform export. It comes with a
number of predefined mechanics and features where users can modify
parameters such as speed or attack speed based on their needs.

As Unity3D is the leading game engine with a large number of supporting
features and the authors of this project are very familiar with the Unity3D
game engine, which current version is 5.6 will be used as the main tool for
video game creation in this thesis.

3.4.2. Web Platform

There are different technologies and frameworks which can be used to
develop the web application with analytics tools. Some of the most used

e ASP.NET* - ASP.NET is an open source web framework which is used
for building web applications and services with .NET platform. Also,
it satisties contemporary industry standards, and by using ASP.NET,

*Unreal Engine 4 (2017)
3Construct 2 (2017)
4ASP.NET (2017)
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it is possible to create scalable systems which are capable of serving a
large number of users.

e Django> - Django is a high-level Python Web framework with the
focus on rapid development, reusability of components and clean
design. Django is free, open-source and follows model-view-template
(MVT) architectural pattern.

e Ruby on Rails (RoR)® - Ruby on Rails is a server-side web application
framework which is written in Ruby and uses Rails as a model-view-
controller (MVC) pattern to organize application development. It offers
default structures for different components and a number of plugins
created by the community. Ruby on Rails is emphasizing principles
such as Convention over Configuration (CoC) and the Don’t Repeat
Yourself (DRY).

e Express? - Express is fast, minimal, and flexible web framework for
Node. js. It provides a number of functionalities for web and mobile
applications while the process of creating robust APIs is quick and
easy. Express is highly scalable and provides good performances.

e Laravel® - Laravel is a free, open-source PHP web framework. It is
based on MVC architectural pattern and comes with dedicated depen-
dency manager and other utilities that facilitate application deploy-
ment. Currently, it is one of the most popular PHP web frameworks.

After the completion of the project, it needs to be hosted on a platform which
tulfills above-mentioned requirements. The three main cloud platforms are
Amazon Web Services (AWS)?, Google Cloud™, and Microsoft Azure'" and
all of them satisfy the needs of the project. As the author of the project is very
familiar with the ASP.NET web framework and the Microsoft Azure cloud
platform, those have been selected as the main platforms for creation of the
web application for instructors. Microsoft Azure satisfies all the project’s
requirements and offers a free credit and services for students.

5Django (2017)

6Ruby on Rails (2017)
7Express (2017)

8Laravel (2017)

9 Amazon Web Services (2017)
°Google Cloud (2017)

" Microsoft Azure (2017b)

52



3. Design and Conceptual Model
3.5. Why Python?

The selected programming language to teach in this game is Python because
of several advantageous characteristics. First of all, when compared with
equivalent C++ or Java code, Python code is typically one-third to one-
fifth their size which reduces the typing effort and increases readability on
small-screen devices. Second, Python syntax is simple which as a result has
more and more schools having Python as a first programming language
when teaching students programming (Lutz, 2013). Finally, Python is an
interpreting language which does not have to be compiled, which means it
can be executed on different platforms, including mobile devices as well. For
Python implementation in this project, the authors will use IronPython, an
open-source implementation of the Python programming language which
is tightly integrated with the .NET Framework (Mueller, 2010). Python code
can be executed on mobile devices and users can get an output or an error.
This removes the dependency of a dedicated server for executing code and
returning a result which could make game playable in the offline mode as
well.

3.6. Game Heuristics

Before the game design and the development process start, it is necessary to
analyze the experience of previously released video games. Game heuristics
are very important because following them, developers can avoid potential
issues in final phases of development, invest more time on testing instead
of development and make video games better and more engaging to users.
Some of game heuristics identified in literature review (Desurvire, Caplan,
& Toth, 2004; Desurvire & Wiberg, 2009; Federoff, 2002; Malone, 1980, 1982)
are:

e Follow the trends set by the gaming community to shorten the learning
curve.

e Do not expect the user to read a manual.

e “A good game should be easy to learn and hard to master” (Nolan
Bushnell).
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e The player experiences the user interface as consistent (in controller,
color, typographic, dialogue and user interface design).

e A player should always be able to identify their score/status in the

game.

Feedback should be given immediately to display user control.

Using sound to provide meaningful feedback.

Should use visual and audio effects to arouse interest.

Uncertain outcome.

Artificial intelligence should be reasonable yet unpredictable.

The game should give rewards.

The game must maintain an illusion of winnability.

Pace the game to apply pressure to, but not frustrate the player.

Any fatigue or boredom was minimized by varying activities and

pacing during the gameplay.

The conclusion from above-mentioned heuristics is that game needs to have
a clear goal, responsive feedback mechanism, to be challenging but not
too frustrating and, to have a clean visually pleasant user interface. These
heuristics will be followed during the design and development process of
the project.

3.7. Game Design

sCool is a multi-platform mobile game where a player is in the role of a
teenager rescuing astronauts who crashed during one of their space missions.
This teenager goes on a rescue mission and takes one small robot which will
be of great help. The last received message was that astronauts are alive but
they need lost disks which are necessary to run their software system and
start the engines in order to return back home. This brave teenager takes
a robot and goes to collect those missing discs trying to avoid dangerous
places and unfriendly species. As some of the disks are damaged, the player
takes a challenge and tries to fix the software content.
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3.7.1. Game Overview

This section covers the core game components such as the gameplay, level
design, programming concepts which are going to be taught through this
game, game screen elements, main controls, and game mechanics. As the
goal of the authors of this project is to provide players both theoretical
and practical experience, the game is divided into theoretical and practi-
cal parts. In theoretically-based levels, players are exploring a mysterious
planet, collecting lost disks, and fixing damaged disks by providing the cor-
rect answer for given problem. Practically-oriented levels involve applying
gained theoretical knowledge where players could be able to code a robot
by using programming concepts and control its movement in order to reach
lost disk, These two main game components are individually described in
the following sections.

Gameplay

In order to play the game, it is necessary to have a mobile device and as
the game is designed to be multi-platform, it can be run on Android, iOS
or Windows Phone platform. Once the players open the game, they will
be prompted to enter their name and email so instructors can enroll them
in their courses (see Figure 3.3). Every player is automatically enrolled in
courses which are already prepared so they can start playing the game.
Students can be grouped into teams so they can collaborate inside their
teams and compete against other teams where their scores are presented in
the section for highscores (see Figure 3.2).

After running the game, players can play a mission mode or challenge other
teams in multi-player mode. If the player selects the mission mode, a new
screen will be shown with list of courses that player is currently enrolled in
(see Figure 4.11). Every player is automatically enrolled in default courses
which are prepared on the platform, but there is an option to join a course
that other instructors prepared. Once an instructor enrolls a student into a
course, that student will receive an invitation token for joining the course. By
clicking “Join New Course” button, a new pop-up window will be displayed
with the form where student can insert a token which is provided from
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Highscores

1) Mike 7505
2) Chris 7400
3) Nancy 6800
%) Jason 5300
5) Amy 5150
6) Jack 4585
7) Tom €260

Figure 3.2.: Highscores table with names and achieved points.

the instructor (see Figure 3.4). The next step is to select one of the offered
courses. The figure 3.5 displays the skill-tree with different course categories
and skills that student has to master within the selected course. Each skill
displays current progress level and indicates whether it is unlocked or not
with an icon which is next to its name. After selecting one of the skills,
players can improve their theoretical or practical knowledge (see Figure 3.6).
Also, this screen shows a current progress and knowledge level for both
theoretical and practical modes. Both modes come with corresponding
tutorials which teach players how to play the game. An example of tutorial
for the practical part can be seen in Figure 3.7.

Level Design

sCool game is composed of two types of levels. The first type is theoretically-
oriented where students explore the world, fight unfriendly alien creatures,
and learn theoretical concepts of programming. The other type is practically-
oriented where they work with more practical tasks and type code in an
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Welcome to the rescue mission !

e shuttle crashed during one of the missions and lost
disks which are necessary to run their software engines.
Only the one who is brave enough and has adventurous
spirit can find lost disks and save the astronouts. If you are
ready to take this challenge, lcave your details belove and
start your adventure.

Good luck !

o

Figure 3.3.: Game story and user registration which is shown when students open the
game for the first time.

Join new course

Figure 3.4.: Screen for joining a course with the field for inserting a token.
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Programming

Basics
00 K|

Figure 3.5.: Skill tree loaded from the server and displayed in the mobile game with
progress details for every skill.

Basics (Programming)

_ Python Code
interpreter properties

Figure 3.6.: Knowledge level for the ”Basics(Programming)” in theoretical and practical
modes.
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Tutorial

Your task is to control the robot and reach the disk in
the dungeon.

You Il get an interface which helps you to type the

commands.
M ¥

Instructions Code

Figure 3.7.: Tutorial for the practical part which becomes shown when a player opens this
mode for the first time.

environment which is designed to be as closest as possible representation
of a real programming environment but adapted to the needs of mobile
users.

Python Programming Concepts

Programming concepts which are currently used in this game are listed
below, but the system can be updated and extended with other concepts as
well. For testing purposes and concept evaluation, some lessons used in this
game are based on content from Hackerrank (2017); Learnpython (2017);
Sololearn (2017); Tutorialspoint (2017).

Programming concepts taught in this game are:

e Basic Concepts (general information about Python programming lan-
guage and its properties)

e Data Types (data types which are supported by Python, operations
with variables)
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e Conditions
e Loops
e Functions

Theoretically-oriented concepts are presented in planet exploration levels
so the students can explore and get more information about specific topics
while in the levels with robot missions players can practically apply gained
knowledge, solve given challenges, and experience real programming en-
vironment with code typing, debugging and immediate feedback through
robot movement.

3.7.2. Level Design of Planet Exploration

The following sections summarize concept and design of planet exploration
level type. It will be described which components are present on the game
screen, what kind of game controls are used as well as core game mechanics
in this level type. Planet exploration level is designed in a way to emphasize
adventure and exploration as good game components which can support
education. A simplified state transition diagram of Planet Exploration mode
is shown in Figure 3.8.

Game Screen

Game screen consists of the main character, unfriendly units, elements
which can be collected, progress bars, and other indicators. In the top-left
corner of the screen, a health bar is shown with the current state of health
points. On the opposite side, in the top-right corner, there is a counter of
how many disks player collected out of a total number of disks which are
present on the map. Just below it, there is an indicator of earned coins and
these coins come with the number of destroyed enemy units.
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Enemy Die

All objects
collected

Search

Figure 3.8.: Simplified state transition diagram of the theoretical mode.
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b)

Figure 3.9.: Explorational part of the game with day (a) and night (b) modes.
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Game Controls

Game controls consist of the virtual joystick and the fire button. The controls
are created to be suitable and easy to use for mobile devices. Player’s
movement speed and direction are controlled by using the virtual joystick.
Once a player taps on the fire button, missiles are fired and a small charging
bar is displayed over the button indicating when this command can be used
again.

Game Mechanics

In the exploration part of the game, the main character is exploring proce-
durally generated maps and collecting lost disks which are spread across
a level (see Figure 3.9). These disks are surrounded with different types
of unfriendly and dangerous units which can attack the main player. The
player needs to be fast and change movement in order to evade attacks of
enemy units. For fighting back, the player can use a gun and shoot at enemy
units. Pick-up objects which can refill health points are spread over the
map so the player can explore different parts of the map and pick-up these
objects. Once all the disks are collected, they are combined together and the
player has to fix damaged software content by providing correct solutions
on the given task. An example of a task with difficulty level of 50% can be
seen in figure Figure 3.10. Students are firstly provided with a short lesson
and by clicking on the next button, the new screen shows up and displays
the form for selecting one of the offered answers. If a student provides an
incorrect answer, the student is able to continue providing answers as long
as there are enough earned coins which can be seen in Figure 3.11.

3.7.3. Level Design of Robot Missions

Similar to the level design of world exploration level type, the following
sections summarize design and concept of robot missions level type. It
will be described which components are present on the game screen, what
kind of game controls are used as well as core game mechanics in this
level type. Robot missions level type is designed with a goal to enable

63



3. Design and Conceptual Model

Repair the disks 5 )
Python is a high-level programming lanquage, with
applications in numerous areas, including web programming,
scripting, scientific computing, and artificial intelligence.

It is very popular and used by orgdanizations such as Google,
NASA. the &uA and Disney

Repair the disks

. Type of snake
Programming language

B cditing tool

b)

Figure 3.10.: An example of a task with the difficulty level of 50%. Students are provided
with a short lesson (a) and afterwards they need to choose the correct answer

(b).
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Wiremg)
i

Figure 3.11.: An example of the wrong answer.

students to experience real programming environment on mobile devices.
The goal in the robot missions is to use the robot in dangerous areas and
areas which player cannot reach, to navigate the robot to the lost disk
avoiding obstacles which can destroy the robot. Available commands and
coding functionalities depend on obtained task from the server where
more advanced functionalities become enabled after the student masters
introductory coding concepts.

Game Screen

Main components on the main screen are the predefined commands, place
for typing the code and game world as a feedback to given commands
and written code. On the left-hand side of the screen, there is a list of the
most important commands such as the commands for movement, variable
declaration, conditions, and loops. As this is the mobile tool, these code
shortcuts are needed because typing code on the mobile screen is slower and
more error-prone than writing a code with a real physical keyboard. The
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1 robot.Right()

2 FOE % in range(5):
k] robot .Right()
Ly robot .UpC)

5. print(x)

Figure 3.12.: Practical part of the game where users can apply gained knowledge.

largest part of the screen space is reserved for coding of the robot movement.
There are three main tabs. The first tab is for instructions about the level. The
second tab is for the code manipulation. Students can either drag-and-drop
predefined code blocks or type their own code (see Figure 3.12). Typed
blocks of code can be rearranged or dragged to the trash bin which becomes
visible once the drag event happens. Finally, the code can be interpreted
by pressing the Run button. Like every programming environment has
debugging component where debug or error messages are shown, this game
has this functionality as well. Final tab serves to display the debug output or
show the errors. A number of remaining attempts is shown in the top-right
corner while in the bottom-right corner there is a button for switching
between the coding scene and scene for displaying the result in the form of
a game scene where the player can see the robot movement.
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Game Controls

In order to control the robot, users type the code in the field for code typing.
Depending on the written code, the robot is following loops and branching
logic and executing commands for movement.

Game Mechanics

The core game mechanics in this game are based on making correct logic
and providing commands which Python will interpret, execute and control
the robot in order to reach the lost disk. The world space is tiled so every
command for movement moves the player to exactly one tile. The challenge
the player has to overcome is to prepare valid code and logic so the robot
does not collide with obstacles which are placed over the map. After the
robot successfully reaches the lost disk, a pop-up will be shown with a short
task which is related to the currently selected topic.

3.8. DGB - Game Parameters

Based on parameters and characteristics which are present in this project,
game balancing approach of Hunicke and Chapman (2004) will be followed.
Before a level can be balanced it is necessary to measure the difficulty level
a user is facing. It can be done by using parameters such as:

Time required to complete the level

Remaining health points/lives

Number of collected items

Number of killed enemies

Ratio of successful shoots

Number of attempts to provide a correct answer
Result of provided task

Any other metric necessary to calculate the final score
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As these data are significant for matching learning content with level charac-
teristics, these records can be stored on the server side where statistics and
logic for adaptive learning are being processed. After analysis of previous
records of the player’s progress, the game parameters which can be adjusted
are:

Enemy health points

Enemy damage value

Enemy attack speed

Health points of the main character
Damage value of the main character
Attack speed value of the main character
Number of enemies

Enemy type

Map size

Number of health regeneration objects

Dynamic game balancing can be very useful as it keeps players in the natural
flow by adjusting different game parameters.

3.9. Summary

Before the implementation process, it is necessary to define different func-
tional and non-functional requirements for the creation of the sCool project.
Functional requirements are divided into two main sections for the mobile
game and the web platform. The mobile game needs to be able to support
different STEM modules and present both theoretical and practical matter
with supporting game mechanics. Dynamic game balancing, based on the
player’s progress, should be implemented in order to keep players in the
natural flow by adjusting different game parameters, such as the damage,
health points, number of enemies, and the map size. By incorporating pro-
cedural generation techniques, users will be able to play an endless number
of levels, interact with wide variety of objects and enjoy in different back-
ground music. As students prefer to learn following their own pace, they
will be supported with active and adaptive learning approaches. Adaptive
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learning is a contemporary learning methodology which is attracting at-
tention of educational scientists in recent years. However, implementation
of adaptive learning brings some challenges, such as the lack of resources,
capacity to develop extensive item bank or psychometric expertise in the
organization.

The web platform is providing instructors with tools to create courses with
theoretical and practical educational content, depending on the selected
course and its properties. They will be able to assess students” answers, get
an insight into course analytics and help students which are not performing
well. The system has some non-functional requirements, such as usability,
configurability, and modularity. Systems which are user-friendly, simple to
use, visually appealing, have a clear user interface, modular, and config-
urable are more engaging and enjoyable. Game heuristics are very important
when it comes to designing a game and defining its main characteristics.
Finally, the technical decision needs to be made for selecting a proper envi-
ronment. After analysis of existing environments and frameworks which
can satisfy defined project requirements, the Unity game engine and the
ASP.NET web framework are selected as they fulfill all defined requirements
and they are one of the most popular solutions among their competitors.
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4. Implementation Details and
Showcase Scenario

This chapter covers the technical implementation of the sCool project. The
project was build in a client-server architecture. The structure of the sCool
project, from a technology perspective, is presented in Figure 4.1. It shows
the mobile game and the web platform components which are implemented
and described in this chapter. The mobile game is based on the Unity game
engine and the game is obtaining an educational content from the server.
That educational content is afterwards deserialized and used in the the
theoretical and the practical modes on which dynamic game balancing
principles were applied. The web platform is based on the ASPNET MVC*
web framework and the Entity Framework (EF) for facilitating the data
access. The mobile game uses the server’s web APIs to obtain a content and
afterwards sends the results and the statistics back to the server. Also, the
web platform provides instructors with the tools for content creation and
student analytics which are based on MVC components and UI libraries
such as Bootstrap?, Morris.js3, Flot4, and others.

4.1. Mobile Game

As it is already mentioned, the mobile game was created with the Unity
game engine. It is based on Unity’s 3D mode and the C# programming
language. The game consists of the two main components which are the

TASP.NET MVC (2017)
*Bootstrap (2017)
3Morris.js (2017)

4Flot (2017)
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Web Application - ASP.NET MVC (C#)

Analytics Content Creation

[Models] [ Views ] [Gonlmllers] [Models] [ Views ] [Gonlmllers]

/

Libraries Entity Framework
Bootstrap
— DATABASE
Morris._js
Json.NET A
SB-Admin 2
¥
Font Awesome L
Web APls ~ .| CAT Algorithm
Obtaining an Educational Sending Results and
Network
Content Statistics to the Server
Mobile Game - Unity 3D (C#)
A 4
Courses - JSON Data
JeronUtiity_ FromJson)
Levels
Theoretical Mode Practical Mode
[Explnra‘tinnJ [Lesscn] [ Cluizz ] ﬁnsh'ucticns} [Go:ingJ [ Flay ]
DGE DGE
Statistics - JSON Data
T cownenuen|—

Figure 4.1.: The structure of the sCool project from a technology perspective.
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practical and the theoretical modes. Both of these components require
an educational content which needs to be retrieved from the server and
deserialized before a level can start.

4.1.1. Obtaining an Educational Content

Obtaining an educational content is performed by sending web requests to
the server’s APIs. The UnityWebRequest is the Unity’s networking class which
is utilized for creating web requests. An instance of this class contains a
number of different request properties such as the URL, request type, header
parameters or the body parameters. As the game makes different types of
requests with different parameters, the code is structured in a way so it can
be easily reused (see Listing 4.1). After the request becomes processed by
the server, the response is returned in the JSON format. Responses with
status codes between 200-300 are indicating that the response message is
valid and that error did not occur. The next step is to make data access
easier and convert JSON string into the corresponding class instance by
using Unity’s built-in method JsonUtility.FromJson(). An example of the class
which instance contains a JSON data (see Figure 4.2) is shown in Listing 4.2.
The following step is to use the Unity’s Ul system to display the student’s
skill tree for the selected course. The ScrollRect component is displaying
the UI buttons for every skill. Once the player’s data are loaded, courses
and skill trees are cached for the further usage. The process of connecting
the Unity game and the Microsoft Azure Services is based on ideas and
implementation details provided by Douglas (2017).

4.1.2. Theoretical Mode

The theoretical mode is intended to display an educational content. Once
a student reads a lesson, the quiz pop-up will be shown in order to check
student’s knowledge. Educational content is displayed in the Canvas com-
ponent. The Canvas component is an UI holder for other components. The
ScrollRect component holds a content and enables Vertical and Horizontal
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public UnityWebRequest request { get; set; }

public Request(string url, Method method)

{
request = new UnityWebRequest (url, method.ToString());
request.downloadHandler = new DownloadHandlerBuffer () ;
}
public void AddHeader (string key, string value)
{
request.SetRequestHeader (key, value);
}
public void AddBody(string bodyJsonString)
{
if (request.uploadHandler != null)
{
Debug.LogWarning ("Request body can only be set once");
return;
}
byte[]l] bodyRaw = new System.Text.UTF8Encoding().GetBytes(
bodyJsonString) ;
request.uploadHandler = (UploadHandler)new UploadHandlerRaw
(bodyRaw) ;
}

Listing 4.1: Making web requests with the UnityWebRequest class.

[Serializable]

public class Course

{
public string Courseld;
public string Title;
public string Description;
public Skill[] Skills;

b

Listing 4.2: Enabling serialization of the course class. An example of the JSON object,
created as a result of the serialization process, can be seen in Figure 4.2.
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v object {1}
v Courses [5]
v 0 {4}

Courseld : 1

Title : Programming

Description : Programming Course

v Skills [6]

v 0 {7}
Skillld : 2
Title : Basics
Description : Python Basics
TheoryMeasure : 67.35981384722662
PracticeMeasure : 55
skillunlocked : [ true
KnowledgeId : 201

» 1 {7}
» 2 {7}
» 3 {7}
» 4 {7}
> 5 {7}

» 1 {4}

> 2 {4}

> 3 {4}

> 4 {4}

Figure 4.2.: JSON structure of courses with corresponding skill-trees obtained from the
server. The provided JSON object is deserialized into corresponding classes
(see Listing 4.2) where class and property names have to be exactly the same
like names in the JSON object in order to have a proper deserialization.
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Figure 4.3.: The front-end implementation and the question structure with the correspond-
ing components.

scrollbars. In order to enable dynamic fitting and vertical ordering of ele-
ments in the content field, the ContentSizeFitter and the VerticalLayoutGroup
are used. For displaying and selecting offered answers, the Toggle elements
are included. As each of them works independently, it is necessary to group
them and have the functionality where by selecting one, all the other ele-
ments become unchecked. For this purpose the ToggleGroup component is
created and connected with all the toggle elements (see Figure 4.3).

After the student provides an answer, the results are sent to the server. In
order to serialize the data, a class requires the Serializable attribute. The next
step in the serialization process is to pass an instance of an object to the
JsonUtility.ToJson() method. This method handles object serialization and
returns data in the string format.

4.1.3. Practical Mode

The practical mode enables users to practice their skills. Due to technical
limitations which are currently present in the Unity’s Ul system and inability
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to use the present Ul components to satisfy requirements of the project, it
was necessary to develop components which enable functionalities such
as:

Drag-and-drop functionality
Virtual keyboard for code writing
Code block reordering

Tabs system

The UI structure of the above-mentioned components can be seen in Fig-
ure 4.4. Some of these components depend on the content received from the
server. The more advanced functionalities are becoming enabled as students
progress. At the beginning of the level, a new content is obtained from the
server. That content contains instructions and objectives which students
have to fulfill and afterwards print the result to the output panel. By typing
the code, they are able to move the robot to reach the disk. As soon as the
robot reaches the disk, the output is compared with the solution and if they
match the mission is successfully completed, otherwise the pop-up window
is shown (see Figure 4.5). As the provided answer can be in a multi-line
form, all new-line symbols and space characters are removed. The string is
then converted into the lowercase form so the output and the solution can
be compared.

4.1.4. Dynamic Game Balancing (DGB)

Players engage in interaction loops of exploring, solving, fighting and
collecting. Once an undesirable loop is detected, balancing system needs
to be placed in action in order to prevent similar situations in the further
attempts. As the goal in this project is to keep the players in the flow channel,
some of the game parameters such as the damage, health points, number of
enemy units, and the map size are adjusted based on the task difficulty and
previous player’s statistics. As players progress and develop their skills, the
difficulty level increases so the new game items are becoming introduced
to the players. If they are not performing well, the game difficulty will
decrease and vice versa. The new level difficulty is obtained by using the
CAT algorithm. Even though the adaptive learning module is based on this
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Figure 4.4.: Ul structure of the main components in the coding tool.

Output mismatch

Expected output:
Hello world!

Your output:

0
1
7:
3
4

Figure 4.5.: Output mismatch in the practical task.
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algorithm, it showed good results when suggesting new level difficulties
based on previous attempts.

In the theoretical mode, the system tries to generate a map where all
prepared items can be placed. If there is no space for all of them, the map
will be increased by 10% and this process will be repeated until all the
items can be placed on the map. Figure 4.6 shows the different map sizes
based on the player’s progress. In the practical mode, the adjustment will
be performed by positioning the disk closer to the player if the player is
performing poorly and vice versa. In the introductory levels, users might not
be completely familiar with the environment. As they still have to master
their skills, the disk is purposely positioned closer to the robot’s initial point
where players can reach the disk in several steps. The disk distance from the
starting point is increasing following the player’s progress. The figure 4.7
shows how disk position depends on the level difficulty. Before the disk
is being positioned, all the obstacles are dynamically placed on the map.
After that, the matrix representation of the map (15x15) is populated with
positions of the obstacles so the disk can be placed on an empty field.

4.1.5. Multiplayer

Creating a multiplayer game is a challenging task. In this project, for a
proof of concept and for enhancing the development process, the Photon>
platform is used. It offers services for connecting end sides and transmitting
network packets. As all the levels are procedurally generated, the level with
all corresponding items needs to appear on each side. Once the players join
the room, the master player generates a seed for a procedural map which is
being synchronized along the network. After every participant receives the
seed, they are able to display the same level like it is shown on the main
player’s screen. Then, the master client analyzes the generated map and tries
to find some free spots for positioning other players. These positions are
sent to other participants together with the generated seed. As the network
is the slowest component in the system, it is not practical to send the data at
a very high rate. Because of this network property, it is necessary to perform

5Photon Engine (2017)
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100% map size

50% map size

25% map size

Figure 4.6.: Dynamic map size based on player progress in the theoretical mode.
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Figure 4.7.: Disk positioning based on the level difficulty in the practical mode.

some optimization techniques and interpolate received data. After testing
the game smoothness by using different parameters, it has been noticed
that if velocity parameter is passed together with the character’s movement,
it looks more smooth because the character does not have to wait for the
next packet but it can use its own velocity parameter to proceed with the
movement (see Listing 4.3).

4.2. Web Application

This section describes the implementation details of the web application
for instructors. The web application was built in the ASPNET MVC web
framework using C# programming language. Entity Framework (EF), an
object-relational mapper, is utilized for facilitating the data access. By using
the EF, the process of code writing was easier as well as the data manip-
ulation. ASP.NET Web API framework offered the Representational State
Transfer (REST) interface. The RESTful interface was very important for
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4. Implementation Details and Showcase Scenario

void Update ()

{
if (!photonView.isMine)
{
transform.position = Vector3.Lerp(transform.
position, this.targetPos, Time.deltaTime * 5);
transform.rotation = Quaternion.Lerp(transform.
rotation, this.targetRot, Time.deltaTime * 5);
}
}

void OnPhotonSerializeView(PhotonStream stream,
PhotonMessageInfo info)

{
if (stream.isWriting)
{
// We own this player: send the others our data
stream.SendNext (transform.position);
stream.SendNext (transform.rotation) ;
stream.SendNext (rigidbody.velocity);
}
else
{
// Network player, receive data
this.targetPos = (Vector3)stream.ReceiveNext ();
this.targetRot = (Quaternion)stream.ReceiveNext ();
this.rigidbody.velocity = (Vector3) stream.
ReceiveNext () ;
}
}

Listing 4.3: Multiplayer data synchronization.
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sending an educational content to mobile users and accepting game statis-
tics from mobile devices. For serialization and deserialization purposes,
Json.NET® is utilized, which is a high-performance JSON framework for
NET.

The UI of the web application is based on the HyperText Markup Language
(HTML), Cascading Style Sheets (CSS), and JavaScript. An empty ASP.NET
MVC project came with already included jQuery and Bootstrap Ul libraries.
The user registration functionalities were also provided which enhanced
the development process. Morris.js and Flot Ul libraries were used for
displaying different types of charts and supporting analytics functionalities.
Font Awesome?, the iconic font and CSS toolkit, was utilized in the project
as it provides a number of customizable icons. After the implementation
process was completed, the web application was hosted on the Microsoft
Azure cloud platform.

In the following text it will be discussion about the main project components
such as the structure of the web application, data access, web APIs, content
creation process, analytics system, and the practical implementation of the
CAT algorithm.

4.2.1. Development with the EF code-first approach

ASP.NET web framework is used for the creation of the web application.
Entity Framework is utilized in order to enhance data access by using .NET
objects. EF supports three different development approaches which are:

o database-first
e model-first
e code-first

The development approach used for this project is the code-first approach
where every entity is defined by creation of entity classes. This approach
enables creation of migrations which makes the process of tracking the
database changes through the version control easy. Also, it enables the input

Json.NET (2017)
7Font Awesome (2017)
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&

Figure 4.8.: Entity Framework code-first approach.

validation to be defined on the model level. This means that the validation is
automatically performed every time a certain entity is used. This makes the
overall system more secure and easier to maintain as validation is defined
only at one place by using annotations above class attributes.

Based on the created entity classes and the relationship configuration, the
code-first APIs are able to generate the database with tables (see Figure 4.8).
An example of the entity class for the statistics entity is shown in the
Listing 4.4. Entities defined in the project’s database model are:

e User - registered instructors

Courses - created courses

Students - registered students

Enrolled - records for courses each student is enrolled in

Skill - course skills

Knowledge - data about students” knowledge level for each skill
TheoryTask - theoretical tasks created by instructors
PracticeTask - practical tasks created by instructors

Statistics - players’ statistics

The database model with entity relationships is shown in Figure 4.9. ASPNET
does not provide default functionalities of saving information when a certain
property has been created or modified. Since this can be very useful for the
situations when an item is created or when a user last time played a certain
level, it has been implemented in a way that every entity class extends the
BaseEntity class which contains CreatedAt and Updated At attributes. These
fields are afterwards automatically updated by the database context.
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User
- id: int
- name: string
- email: string
- password: string
- admin: bool
3
Enrolled
RN course_id: int Student
-idint . |- student_id: int o- Cid:int
P *_|- points: int - & |- name: string
i o - - code: siring ®- email: string
HUGTHAL LT - activated: bool
o
Skill 4
it Knowledge
tile: sting A <nowledge
R " " |- theory: AdaptiveLeaming 0.*
8 : > . practice: AdaptiveLeaming
mﬁm‘ int - student_id :int
o id: i - skill_id: int
course_id: int U
4 Statistics
|- id: int
|- result: int
. - - points: int
0- o- |- sessionDuration: int
TheoryTask PracticeTask angwer: sl_:m
[ [ - health: int
I Rsaeng |- taskType: string
- description: string . description: string e
o) - difficulty: int - skil_id: int

Figure 4.9.: Simplified database model of the sCool system.
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4. Implementation Details and Showcase Scenario

public class BaseEntity

{
public DateTime? CreatedAt { get; set; }
public DateTime? UpdatedAt { get; set; }

public class Statistics : BaseEntity
{
[Key]
public int StatisticsId { get; set; }

[Required]

public int Result { get; set; }
[Required]

public int Points { get; set; }
[Required]

public int SessionDuration { get; set; }
[Required]

public string Answer { get; set; }
[Required]

public int Attempts { get; set; }
[Required]

public double Health { get; set; }

public virtual Student Student { get; set; }
public virtual TheoryTask TheoryTask { get; set; 1}

Listing 4.4: Entity Framework Code-First with class attribute annotations.
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4.2.2. Web Application Structure

The web application is based on the ASPNET MVC web framework, which
consists of the three interconnected parts. The Model is the central component
in this software architectural pattern which is responsible for the logic and

the data management. Classes for all the models are kept in the Models
folder.

The View component uses the Razor syntax for generating the HTML output.
The Razor code example with HTML helpers, for displaying forms, can be
seen in the Listing 4.5. These helpers are very useful as they generate anti-
forgery tokens, prepare a style format for forms and display error messages
if any. The HTML helpers automatically check annotations of class attributes
and show error messages below every field if certain criteria are not satisfied
(see the Figure 4.14). There exist different default attributes such as Required,
Min, Max, and other. It is possible to define a custom attribute annotations
as well. An example of the custom attribute annotation is checking if stu-
dent email already exists. This annotation calls a function which checks
if a student with the identical email already exists. The advantage of this
approach is that it is reusable for other classes as well.

Finally, the Controller component is in charge of accepting input and sending
commands to the model and the view components. All the controllers are
grouped in the Controllers folder. This folder is placed inside of the project’s
root folder. Similar to the models and the controllers, all the views are kept
inside of the Views folder. They are grouped by the controller names as one
controller can have more actions and thus more views for each controller.
Some of the most important controllers used in the project are:

Home - displaying home pages for guest users

Account - login, register and password reset functionalities

Courses - creating, editing, deleting and listing courses
TheoryTasks - managing theoretical tasks

PracticeTasks - managing practical tasks

Skills - creating, editing, deleting and listing skills for the selected
course

e Students - enrolling students into courses
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Qusing (Html.BeginForm())

{
QHtml .AntiForgeryToken ()
<div class="form-horizontal">
<h4>Edit</h4>
<hr />
@Html.ValidationSummary (true, "", new { Q@class = "text-
danger" 1})
@Html .HiddenFor (model => model.Courseld)
<div class="form-group">
@Html .LabelFor (model => model.Title, htmlAttributes
new { @class = "control-label col-md-2" })
<div class="col-md-10">
@Html .EditorFor (model => model.Title, new {
htmlAttributes = new { @class = "form-
control" } })
@Html.ValidationMessageFor (model => model.Title
"', new { @class = "text-danger" })
</div>
</div>
<div class="form-group">
@Html .LabelFor (model => model.Description,
htmlAttributes: new { @class = "control-label
col-md-2" })
<div class="col-md-10">
@Html .EditorFor (model => model .Description, new
{ htmlAttributes = new { @class = "form-
control" } 1})
@Html .ValidationMessageFor (model => model.
Description, "", new { @class = "text-danger
")
</div>
</div>
<div class="form-group">
<div class="col-md-offset-2 col-md-10">
<input type="submit" value="Save" class="btn
btn-default" />
</div>
</div>
</div>
}

Listing 4.5: Razor syntax with HTML helpers for the course editing
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Every information about students’ progress needs to be tracked and accord-
ingly updated. These data are stored in the aggregation table between the
student and the skill entities. Along the other data, there is the necessity of
storing an information for the adaptive learning progress. EF supports a
number of primitive data types, however having a complex type for storing
and maintaining data can be very practical as it enables the implementation
of additional functions within the entity class.

4.2.3. Web APIs

The implemented APIs are based on the ASPNET Web API framework. This
framework offered the REST interface which served as an access point for a
data sent to and received from the mobile game. The sCool project contains
the following APIs:

o User registration - the first time an user opens the game it is necessary
to register that user, enroll the user into predefined courses and obtain
student’s identification number. That ID is required for referencing
other records to the user.

e Skill tree - providing student’s identification number and obtaining a
list of courses with corresponding skill trees for every course.

o Get theoretical task - providing student’s identification number and
obtaining theoretical task which will be used in the game. This the-
oretical task depends on previous answers and current knowledge
level.

e Processing theoretical response - once results and statistics from the
game arrive, the new knowledge measure is calculated. If both the
practical and the theoretical measures are above the given threshold,
the next available skill becomes unlocked. Parameters for adaptive
learning and forgetting curve are accordingly updated.

o Get practical task - providing student’s identification number and
obtaining practical task which will be used in the robot programming
module. Similar to the theoretical tasks, this practical task depends on
previous answers and current knowledge level.

e Processing practical response - processing arrived data and updating
ability level in the adaptive learning component. Game statistics from
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robot programming mode are received and stored for further analysis.
Instructors can even see the code students typed and provide them
some suggestions regarding the writing style, logic, and performances.

e Highscores - providing course ID and obtaining the list of students
with their details. The results are ordered by the score value.

¢ Join a Course - joining a course based on the token provided by an
instructor.

e Save Student Details - players are able to change their name, email
and other properties within the game and these details are sent back
to the server.

These APIs derive the System.Web.Http.ApiController class and are placed
within the API directory, which parent folder is Controllers folder where
all the project’s controllers are located. For defining the properties of APIs,
attributes such as the request type, route, and response type are used. A
dynamic data object, whose operations are resolved at runtime, is used for
construction of data responses. As the client-server communication needs
to be secured, security mechanisms such as the SSL protocol for encryption
and security tokens for authentication are implemented.

4.2.4. Content Creation

After an instructor is logged in, the section for course management is
shown. In this section, courses can be listed, created, edited and deleted (see
Figure 4.10). Also, every page within the web application has implemented
guides and instructions which help instructors to navigate and use the
platform. The list of courses is afterwards used and shown in the mobile
game (see Figure 4.11). By clicking on one of the courses, a new interface
for the skill management is being shown where instructors can prepare a
skill tree for the selected course and enroll students into the specific course
(see Figure 4.12). Once the skill tree is ready, it can be loaded in the game
so, users can see their current progress (see Figure 3.5). Instructors are able
to edit, delete and open the page where skill details are displayed with
listed tasks. Every skill has two task types which are the theoretical and the
practical tasks (see Figure 4.13).
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Course Management @

Users are able to create, update
and delete courses. These

New Course 4= courses are afterwards loaded
into the video game and shown to

players.

Title

Programming Programming course E
Mathematics Mathematics course n
Physics Physics course n

Figure 4.10.: Course listing in the web application with the corresponding instructions.

Description

When creating a theoretical task, an instructor can enter the task title, the
task definition and define the possible answers. Only one of the available
answers is the correct answer. Tasks are presented in a form of selecting the
correct answer among the three displayed answers.

An example of the task creation can be seen in Figure 4.14. The process of
the practical task creation is similar to the process of the theoretical task
creation. The only difference is that instead of having questions and answers,
students will get a task to solve by typing the code and printing results to
the output. The figure 4.15 shows the process of creating a new practical
task. There are the checkbox options for enabling or disabling specific code
shortcuts in the game depending on the task difficulty. These options are
enabled per default, but instructor can turn them off if some of them are
not suitable for certain lesson.

4.2.5. Course and Student Analytics

The analytics component is supported with the Ul libraries such as Bootstrap,
Morris.js and Flot. These libraries provided functionalities such as progress
bars, activity diagrams, pie charts etc. As soon as students start playing
the game, statistics about their progress becomes available. The purpose
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Figure 4.11.: Course listing in the mobile game and the option for joining a new course.

of these statistics is to enable instructors to get an insight of how students
are performing, and to detect if students are facing difficulties with some
concepts. In the course section (see Figure 4.11), instructors can select the
"Students” option to see more details about the students. As it can be seen in
Figure 4.16, the list of enrolled students in the selected course is shown, and
on the top of the screen there is a graph displaying students” activities per
day. By clicking on one of the students, the new page about student’s details
becomes shown (see Figure 4.17). On this page, an instructor can get a skill
tree overview, see student’s progress for selected course, and observe how
the student is performing. All student’s attempts are shown in the graph on
top of the screen where those activities are grouped per day.

An instructor can click on one of the skills in the skill tree and get more
details about activities and statistics for selected skill. On the statistics page,
all student’s activities and attempts are displayed, so the instructor can get
an insight about student’s knowledge and which concepts student failed
to grasp (see Figure 4.18). Instructors can get more detailed statistics and
see an average percentage of successful answers, earned points per level,
an average session duration in minutes, and a number of attempts per
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Course Details @

Title  Programming
Description  Programming course

= Students

© Course Skills

New Skill 4=

Title Description

Basics Python Basics E
Data Types Data Types in Python E
Strings Strings E
Conditions Conditions E
Loops Loops E
Functions Functions E

Figure 4.12.: Displaying student details and managing the skill tree.
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Skill Details e

a3

Tite  Data Types
Description  Data Types in Python

O Theory Tasks

Title Description Difficulty (%)

Selact a cormect output A variable alows you 1o store 8 value by assigning. . 10 En
Select a comect output A variable alows you 1o store a value by assigning. . 20 En
Selact 3 comest output A varkable aBows you 10 shore a value by assigning 30 Eﬂ
Select a comed output A variable aliows you to store a value by assigning. .. 40 nﬂ
Salact a comed output A vaniable alows you 1o sters 3 value by aseigning. 50 En
Is it possible to reassign a variable in Python? Variables can be reassigned as many times as you.. &0 Eﬂ
Which of the following variables coman afleating .. Python has five standard dala types | Mumbers, St 70 Eﬂ

Soleel @ coted anwar >33 5= §romy=_ »o>prinp-y) 12 80 nﬂ
Selact comect variable assignment —_ printirmyVar) 35 Eﬂ

Selact an cption that will cause a ZeroDivisionErre...  Dividing by 2610 in Python prodiees an efer, a8 n. 90 Eﬂ

O Practice Tasks

Title Description Difficulty (%)

Use the print command 1o print the following caiculation pring[ 2+ 2) 10 Eﬂ

Usa the print command 1o print the following calculation print( 5+ 14)) 20 nﬂ

Usa the print command fo print the tollowing calculation print{ 52+ 3 ) 30 Eﬂ

LUsa the print comemand to print the following calculation pring( 5+ 4-3) 40 En
Fiint the outpt of calculation (7+2:6) Fython ias the cipatidy ofc... 50 (= [o]a)
Create a small program which prints result of the following caiculation: >>>print(2 * (3 = 4)) Fython aico caries out multpl.. 60 nﬂ
Solve the task from desaription area. Define variables and prrt thei... 70 Bﬂ
Sodve the task from descfiption area. Define variables anduse the”... 80 En
Python Asithmetic Operatars - sohve the task from e bottom of th desenption feld ASSUMe vanable a hois 10a.. %0 Eﬂ

Figure 4.13.: Displaying skill details and listing created practical and theoretical tasks.
These tasks are afterwards loaded and used in the mobile game.
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New Theoretical Task

Title®  What is Python?

Python is a high-level programming -
language, with applications in numerous
areas, including web programming,
scripting, scientific computing, and
artificial intelligence.

Description ©

Correct Answer @ Programming language

Incorrect Answer 18

The Incorrect Answer 1 field is required.

Incorrect Answer 2 9

The Incorrect Answer 2 field is required.

Hint @

Difficulty @
The Difficulty field is required.

Figure 4.14.: The form used for creation of new theoretical tasks with front-end form
validation.
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New Practical Task

Title ©
The Title field is required.

Description €

The Description field is required.

Solution &

Difficulty €@ =]
The Difficulty field is required.

Enable/Disable code shortcuts in the video game

Print € b
Variable ) W
If statement ) =]
For loop € ”
Move Left € -
Move Right & "
Move Up © b
Move Down & -

M Create

Figure 4.15.: The form for creation of a new practical task with front-end form validation.
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session. Below the statistics section, the details for every activity are shown.
Also, an instructor can see which tasks the student had to solve, what were
the provided answers, a number of attempts student have had, and other
statistical details regarding how the student performed in the game. This is
very important as instructors can organize their classes in a way of focusing
themselves primarily on students who really need help and committing
more time only on concepts which were challenging for students. By doing
this, a class could be more effectively organized and students could get help
based on their performances.

Every user’s action such as a tap position on the screen, a level name or a
provided answer is being stored. These data are stored for further analysis as
they can be used for visualizations and understanding of player’s behavior
and preferences. During the gameplay, all the data are recorded and sent to
the server. The complete list of the data which are tracked is shown below:

Theoretical part:

o Task

— Success/failure

- Difficulty

— Provided answer

— Number of attempts

Session duration

Earned points

Character’s health percentage
Map

— Seed
- Width
- Height

e Enemies

- Type

— Position
— Health
— Damage
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Students @

4= = Add New Student

Lut Active students per day

40
2017-09-10

Players: 32

) —

o

20

0
2017-09-06 2017-09-07 2017-09-08 2017-09-09 2017-08-10

Name Email Joined

Mancy nancy@scool.edu 01-Nov-17 20:10:42 E
John john@scool.edu 01-Nov-17 20:10:57 E

Figure 4.16.: Student activities per day and the list of students enrolled in the selected
course.
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L Simon's activities per day

2017.9-5
225 Attempted Tasks: 2
15
075
o
2017-0%-01 2017-09-02 20170903 20070904 2017-08-05 2017-09-06
Course Unlocked (%)
Skill Tree Overview
Skill Statistics Unlocked Skill Mastered (%)
Basics ® Procice ®
Oata Types @
Strings @
Conditions @
Loops @

Figure 4.17.: Skill tree overview with the student’s progress and activities.
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Theory statistics

.  [00% g 525

attempt SessIon

View Details 4] View Details ©

Skill Mastered (%)

73 % Mastorod

Details

®  Wnatis Python?

Rosult: Passed

Task: What is Python?

Task Seolution: Programming language
Task Difficulty: 50%

Provided Answer: Programming language
Attempts: 1

Sossion Duration: 28 seconds

Earned Points: 300

Character's Health: 70%

Date: BZ20MT 532317 PM

Task Details =>

@  Wnich of these statements is true?

@ Pythonis...

View Details

1

Average number of

attem sion

Figure 4.18.: Student statistics and activity details.
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Player’s position and time when a player presses the ‘Shoot” button
Information about player’s attack

— Successful or not
- Enemy type

— Enemy position
— Time

— Damage

Information about enemies’ attacks

- Successful or not
— Player’s position
- Time

— Damage

Items picked up

- Item type
— Position
— Time

Practical part:

e Tasks

— Success/failure

- Difficulty

— Provided answer

— Number of attempts

Session duration

Earned points

Provided code

Selected command to be dragged and dropped
Run button action

- No errors: store provided code

— Errors present: store provided code and errors

— Produced code for robot movement and sequence of steps that
robot takes
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Tab name when one of the tabs is selected

Deleted code - block of the code when being dragged to the trash can
Obstacles and their positions

Disk position

Robot collided with an obstacle

— Time
— Obstacle

Keyboard
Show /Hide coding interface

Other:

e Screen Taps

— Screen position
— Time

Name of the new screen

Sounds enabled /disabled

Character properties(customization)
Inventory

4.2.6. Practical Implementation of the CAT Algorithm

The implementation of the CAT algorithm in the sCool project is based on
details provided by Linacre et al. (2000), who described core steps for the
practical adaptive testing. The original code has been modified and adapted
to the .NET standards. The steps and the implementation details of the CAT
algorithm are shown below:

1. The process starts and initial values are set where:

initial difficulty D is set to the middle value of the difficulty scale.
L=o0, total items taken

H=o, total difficulties used

R=o0, total number of right answers
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2. Finding the closest item for provided difficulty

public TheoryTask GetNewTheoryTask(Skill skill, double difficulty)
{

double minVal = double.MaxValue;
TheoryTask minItem = null;

foreach (TheoryTask t in skill.TheoryTasks)

{
var difference = System.Math.Abs(difficulty
- t.Difficulty);
if (difference < minVal)
{
minVal = difference;
minltem = t;
}
}

return minltem;

3. Setting the D value to the difficulty of the new item that has been
retrieved in the previous step.
4. Exposing the selected item to the user in a certain form depending on
the item type.
. In this step, the response is being obtained from the user.
. Scoring the response and sending the results back to the server.
. Total items taken are counted: L = L + 1.
. In the case that response is incorrect, item difficulty is updated: D = D
-2/L.
9. If response is correct, item difficulty is updated: D = D + 2/L.
10. If response is correct, right answers are counted: R = R + 1.
11. If termination criterion is not satisfied, the process is continued from
step 2.
12. If termination criterion is satisfied, the following steps are being per-
formed.
13. Wrong answers calculation: W = L - R.
14. Measure estimation: B = H/L + loge(R/W)

Oy o
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15. Error estimation: S = sqrt[L/(R*W)]. As division by o and logarithm
of o0 are undefined, it is necessary to modify measure and error esti-
mations from this and the previous step.

if (W == 0)

{
B=H/L + System.Math.Log((R - 0.5f) / (W + 0.5£));
S=L/ ((R-0.5) * (W+ 0.5£));

}

else if (R == 0)

{
B=H/L + System.Math.Log((R + 0.5f) / (W - 0.5£));
S=L/ (R +0.5f) x (W~ 0.5£));

}

else

{
B=H/L+ (System.Math.Log(R / W));
S=L/ R x*xW;

}

16. Comparison of estimated measure B with pass/fail standard T.

17. If B value is between (T - S) and (T + S), then step 2 is performed

18. If (B-S) > T, then pass. Additionally, if the knowledge measure is
above the threshold value, this means that student has sufficient level
of knowledge and the new content can be unlocked.

if ((B-198) >T)

{
//check if new skill should be unlocked
if (skill.GetMeasure() > unlockLimit){

//unlock next skill
UnlockNextSkill();

//reset variables
ReInit();
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19. If (B +S) < T, then fail.
20. After the process is being completed, everything starts from the step 1.

IRT Rasch Model takes one parameter, an ability level value, and produces
the measurement in logits. The ability level value is firstly scaled from
1-100 down to -3 to 3 logits for the Rasch model (see Listing 4.6). The
CAT algorithm starts by loading calibrated item bank and after that, the
steps 3-5 are being repeated until a termination criterion is being satisfied.
Once measure estimation reaches unlocking limit for the next skill, the next
available skill from the skill tree will be unlocked.

Based on the student’s answers and the knowledge level, corresponding
tasks will be provided to the students. An example of provided tasks
with different difficulty levels can be seen in Figure 4.19. In the beginning,
the tasks are pretty simple and as students progress, tasks are becoming
more and more challenging. In the opposite case, when students are facing
difficulties, an easier task will be provided. In these situations, instructors
will get an insight into the student’s progress through the web platform (see
Figure 4.18) and help students with specific tasks which students were not
able to solve.

4.3. Summary

Based on the requirement analysis, the core game and the web platform
components have been implemented. The implementation was performed
in the form of modules in order to make the system upgradeable and
extendable.

For supporting various functionalities such as the course creation and the
students” analytics, it was necessary to create the web platform architecture
as well as the database scheme. The web platform has been created in the
ASP.NET web framework and hosted on the Microsoft Azure cloud platform.
The web interfaces for the creation of courses, categories, and tasks have
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OBJECTIVE

Reach the disk and create a short
program that displays "Hello world I =

lﬂl‘nlﬁpmthnlmnmmm

>>> print( Hello world )
Hello world. !

"Assume variable a’ holds 10 and
variable ‘b holds 20. then :

+ Addition:a + b= 30

- Subtraction:a - b=+10

- on : a * b=200-

/ Division b/ a =2

“Mmodulus:b %Ya=0 :

** Exponent : a**b =100000000000000
// Floordivision : 9//2 = &

Follow the diven example and execute it
in your program: Q

a=2 el

b=5

print(a**b)

print(b/a)

b)

Figure 4.19.: Task difficulties of 50% (a) and 9o% (b) based on student’s knowledge level.
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double RaschModel (double itemDifficulty, double abilityLevel)
{
//Scaling
double theta = ScaleDifficulty(abilityLevel);
double b = ScaleDifficulty(itemDifficulty);
double result = (System.Math.Exp(theta - b) / (1 + System.
Math.Exp(theta - b)));
return result;
}
double ScaleDifficulty(double value)
{
int[] r1 = { 1, 100 };
int[] r2 = { -3, 3 };
return (value - r1[0]) * (r2[1] - r2[0]) / (r1[1] - r1[0])
+ r2[0];
}

Listing 4.6: Rasch model function and difficulty scaling

been implemented. With these functionalities, the creation of additional
courses is a very simple task. Every selected course is offering functionalities
for course management and students” analytics where instructors can see
more information about students” progress. By using analytics tools, they
can observe which concepts were easy or challenging for students to master.
One of the main components of the web platform are the web APIs which are
processing requests and retrieving data in the JSON format. Every student’s
answer is stored in the database and processed by the CAT algorithm.

The video game has been created in the Unity game engine. Once users
open the game, all the courses are loaded from the server and displayed
within the game. Students can select one of the available courses, choose
the theoretical or the practical mode and play one of the displayed levels.
The levels have been procedurally generated and DGB principles have
been utilized in order to keep players in the natural flow. This means that
some game parameters such as the health, damage, and the map size are
dynamically adjusted based on the player’s progress.
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Actions and statistics, such as opening a new screen, taps on the screen,
ratio of successful shoots, session duration or provided answer are stored
in the form of logs. When the internet connection is available, the logs are
sent to the server. These data can be further processed and visualized for
the better understanding of players and their preferences.

108






5. Evaluation

There are different factors which make educational tools usable and appeal-
ing to users such as ease of use, modularity, configurability, look and feel
and other benefits for users. The plan for this study was to find out whether
the web application satisfies usability requirements and provides a positive
experience when being used in supporting mobile STEM education. Even
though the mobile game is inseparable part in the sCool project, only the
study for the web application was conducted, as Milo$ Koji¢ performed the
study for the mobile game in his work (Koji¢, 2017).

5.1. Participants

The target group for the web application are high school and university
instructors which are aimed to use this educational software. Therefore,
the participants which were involved in this study are instructors from the
Graz University of Technology, the University of Westminster and the RMIT
University.

5.2. Setup and Procedure

The survey has been conducted by using a software tool LimeSurvey *. This
tool enables users to run and analyze online surveys. It provides a wide
variety of question types which makes it suitable for use in this study.
After preparing the questionnaire, instructors from the Graz University of

tLimeSurvey (2017)
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Technology, the University of Westminster and the RMIT University were
recruited to test the web application and provide their feedback. These
participants were asked to use the web application, for which they received
the credentials of the web application and afterwards the set of survey
questions in English. The process of testing and filling out the survey lasted
approximately between 20-25 minutes.

In order to understand how well the prototype of the web platform is
accepted by the participants, the two standardized scales CES (Kay & Love-
rock, 2008) and SUS (Brooke et al., 1996) were used with the combination of
some system-specific questions of the web platform. The questionnaires are
shown in the Appendix section.

5.2.1. Computer Emotion Scale

CES is a reliable approach for assessing emotions of the users while learning
how to use a new software. Four emotion constructs have been selected for
this purpose with the corresponding feelings:

Anger (Irritable, Frustrated, Angry)

Anxiety (Anxious, Insecure, Helpless, Nervous)
Happiness (Satisfied, Excited, Curious)
Sadness (Disheartened, Dispirited)

Participants are provided with questions about feelings they experienced
during the testing process. There are the 12 feelings which can be rated on a
Likert scale from o to 3, where each of the feelings is a part of one construct.
The interpretation of the results can be achieved by summing up result
values for each construct and performing a normalization by dividing it by
the number of feelings inside of the each construct (Kay & Loverock, 2008).
This scale has been selected for a better understanding of the emotions
which users experienced during the testing process of the prototype and
this makes it possible to investigate which emotions were the most frequent
during the study.
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5.2.2. System Usability Scale

When specifying the usability of the system it is necessary to define who
is going to use the system, what kind of tasks will be performed and
what are the characteristics of an environment in which it will be used.
With increasing demands for simple and effective evaluation system which
will cover usability measures, the System Usability Scale has been designed
(Brooke et al., 1996). SUS is a ten-item questionnaire scale which can provide
a single number which represents a measure of the overall usability of the
system. It is based on the 5 point Likert scale with possible answers such as
strongly agree, agree, undecided, disagree and strongly disagree.

The ratings for odd item questions 1,3,5,7, and 9 are subtracted by one
and their results are summed up. The similar procedure is performed with
even item questions 2,4,6,8, and 10 where their ratings are subtracted from
number 5 and summed up. The overall value of the SUS is obtained by
multiplying the sum of scores by 2.5 which finally results in the score range
of 0-100. According to (Bangor, Kortum, & Miller, 2009), the score of 70 is
the lower limit for the system to pass the usability test.

5.2.3. System Specific Questions for the Web Platform

For a better understanding of participants” previous experiences with game-
based teaching software, some system specific questions have been prepared.
Furthermore, the participants were able to provide a feedback about the
software and to suggest some further improvements. The participants were
also queried to provide their opinions if they could potentially use the
software in their courses in the future. From this part, the specific preferences
and users’ personal opinions about the web platform should be revealed.

5.3. Results

This chapter discusses the results of the study described in the previous
chapter. It outlines the evaluation results of the computer emotion scale,
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system usability scale, and the system specific questions. Furthermore, the
discussion includes some suggestions for improvements. These suggestions
are based on the provided feedback by participants who tested the web
application and filled out the questionnaire.

5.3.1. Participants

Ten participants took part in the study where 8 (80%) out of 10 were males
and 2 (20%) of them where females. The participants were senior lecturers
(20%), teaching assistants (60%), and tutors (20%) from the Graz University
of Technology, the University of Westminster, and the RMIT University. The
average age was 29.3 years with the standard deviation of 4.12. All of the
participants stated that they are familiar with e-learning tools, where 60%
of them are experienced and 40% are very experienced. However, when
it comes to using web platforms with the purpose of the content creation
for mobile educational games, the results are opposite. The majority, 60%
of participants stated that they are not experienced at all, 30% are not
experienced and 10% are somewhat experienced with this kind of tools.

5.3.2. Computer Emotion Scale

Table 5.1 contains the results of the CES which are grouped by the four
main emotions. The table shows the number of times an answer on the CES
has been selected with corresponding percentages. All the results are on the
scale between o (none of the time) and 3 (all of the time) as it is explained
in the section 5.2.1.

The figure 5.1 summarizes the average ratings of all users per emotion with
corresponding standard deviations. According to these results, sadness got
the lowest score of 0.05 (SD 0.16) where only one participant selected an
answer associated with this emotion. Anxiety was experienced by the two
survey participants. They had feelings associated with this emotion at least
some of the time, which led to an average rating of o.10 (SD o0.24). The
similar situation is with the Anger emotion. This emotion was experienced
by two out of ten participants at least some of the time, which led to an
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Table 5.1.: Number of times an answer on the Computer Emotion Scale has been selected
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Figure 5.1.: Average ratings of all users per emotion with corresponding standard deviation
values.

average rating of 0.10 (SD 0.22). Value of 0.10 for both anxiety and anger
shows that study participants did not have very strong feelings associated
with these emotions. The strongest emotion was happiness which achieved
the average score of 2.07 (SD 0.80). The majority of participants experienced
feelings with this emotion at least some of the time. However, there are
two participants who stated that they did not experience this emotion at all
during the testing.

Also, the distribution of the possible answers grouped by the four emotions
could be derived from the Table 5.1. The option none of the time was selected
by the majority of the study participants for emotions sadness (95.00%),
anxiety (95.00%), and anger (93.34%) while for the happiness emotion it was
only 6.67%. The happiness emotion was experienced all of the time for 43.33%
of the participants while options some of the time (23.33%) and most of the
time (26.67%) had similar distribution share.
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Figure 5.2.: Results of the SUS per particpant P1 — P10 with the average score of 84.25 and
SD of 8.34.

5.3.3. System Usability Scale

The figure 5.2 shows an overview of the SUS results. It could be seen that
participants rated the system as easy to use, however, 10% of them answered
that they would not like to use the software in the future. All the participants
strongly disagreed or disagreed that the system was unnecessarily complex
and that there was too much inconsistency in this system. Eighty percent
of participants think that the various functions in this system were well
integrated and no one found the system very cumbersome to use. Majority
of the users think that they did not need to learn many things before they
could get going with the system and that other people would learn to use
this system very quickly.

After applying the procedure for calculating the SUS score from the sec-
tion 5.2.2, on the data from the Table 5.2, the resulting SUS score is 84.25
with the standard deviation of 8.34 (see Figure 5.2). The result of 84.25
is over the limit of 70, which is the minimal result for the usable system
Bangor et al. (2009). This means that the overall system satisfies the usability
criteria. The results do not vary strongly, and most of the values are pretty
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close to the average result except for one participant which has the score of
62.5 while the largest score is 92.5.

5.3.4. System Specific Questions and Other Feedback by
Participants

The participants generally saw the web platform as a tool which they could
potentially use for creating mobile courses for students. The majority of
participants would use it in their courses, except the one participant who
expressed the negative opinion. Some of the features or improvements they
would like to see are more advanced analytics, improved instruction system
and a pie-chart diagram which could show how many students successfully
completed selected task. Also, there were no major issues reported regarding
the content creation and the page navigation.

Many positive comments were given regarding the appearance of the web
platform, analytics tools, and the navigation system. One of the study
participants wrote: ”It’s an easy and straight-forward way for educators who are
not technically trained to use serious games.”.

Participants answered that they are familiar with using mobile educational
games but no one selected an option of being very experienced. Some of the
mobile educational games they know and have used are PocketCode, Quantum
Moves, Kahoot, Kodo, DragonBox, and Lightbot. All the participants stated
that they have experience with web e-learning systems and some of the
e-learning systems they used are Moodle, TeachCenter, Blackboard, Canvas, and
TTM. However, 60% of the participants stated that they have no experience
at all with educational web platforms for mobile game content creation
and adaptive learning. Also, no one selected experienced and very experienced
options. This means that study participants are not very experienced with
systems like the sCool system is.
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118



5. Evaluation

5.3.5. Discussion and Limitations

Based on the feedback of the study participants, the prevailing feeling was
happiness and the system satisfies usability criteria. The study participants
were in general satisfied with the functionalities and the visual appearance
of the software. There were no reported missing features nor some major
issues which might prevent them from using the software.

However, the number of ten study participants is not enough to draw highly
relevant conclusions. Also, only university instructors participated in the
study and there were no high school instructors due to organizational and
time constraints, but in some further studies it is necessary to have high
school instructors involved as well. Therefore, the provided results can be
used to detect problems that occurred during the study and this study can
serve as a foundation for further research.

As the majority of the participants are not the native English speakers and
most of them are not very familiar with this kind of educational tools,
these circumstances might have influenced their overall experience with the
software and the final study results.

Even though the system contains instructions which explain the main
functionalities, the conclusion from the user feedback is that the instruction
system needs to be improved and study participants need more time to get
familiar with this kind of educational tools. Also, additional studies about
educational effectiveness of the software are necessary to be performed in
the future.
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6. Lessons Learned

This chapter summarizes the experiences and the issues which were en-
countered during different project phases. It includes conclusions about the
literature, project implementation, and evaluation phases.

6.1. Literature

Based on the project’s goals to create a multidisciplinary educational mo-
bile game, different theoretical aspects and application domains have been
researched. First of all, the analysis of already existing game-based learning
systems and their characteristics has been performed in order to better
understand the current state in this field. The second step was to analyze
learning methodologies, as understanding of different learning methodolo-
gies was important for planing and designing an educational game.

Concepts such as the dynamic game balancing, adaptive learning, and
procedural generation have been analyzed as well. Dynamic game balancing
is important for keeping players in the flow model while adaptive learning
adapts the educational content to student’s knowledge level which results in
increasing motivation and engagement in students. Procedural generation
was very useful as this approach enables instructors to focus themselves
primarily on the course creation.

Video games have shown a great pedagogical potential and they are already
used by broad masses for learning various STEM disciplines on large-screen
devices. Even though mobile devices have rapidly growing trends, there is
an obvious lack of mobile educational tools for teaching more advanced
concepts for high school and first-year university students.
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Therefore, the proposed solution was the creation of a multidisciplinary
educational mobile game so the players can explore different STEM disci-
plines and learn following their own pace. The programming is selected
as a starting discipline for the purpose of the thesis, but the project can be
extended to other disciplines as well.

6.2. Implementation

After the analysis of already existing educational games and aspects which
could facilitate the learning process, it was decided to make the project with
two main components.

The first one is the multidisciplinary educational mobile game where stu-
dents can learn different STEM disciplines. Some of the initial challenging
questions were: "How to effectively present educational content on small-
screen devices?”, "How to dynamically integrate different courses?” and
“"How to make an interesting video game so users do not get bored?”. Lit-
erature review and early-stage testing with users helped to get answer on
these questions. As one of the goals is to reach as many as possible users,
the necessary decision is to select an environment which could make the
game be a multi-platform for supporting different platforms such as the iOS,
Android, and Windows Phone. The Unity game engine has been used as it
showed to be capable of satisfying defined requirements. Another important
decision was about the way how to execute the code that students have to
type. There were two possibilities, to use some external resource or to try
to make the execution locally on the phone. Fortunately, the authors of the
thesis managed to integrate IronPython and to have Python code execution
on mobile devices.

The second component of the project is the web platform where instructors
can create courses and track student’s progress. The first challenges were to
select the proper technology and to design the database scheme. ASPNET
web framework comes with a number of components which speed up the
development process such as the registration module and user interface
libraries. EF code-first approach was a good choice as it enabled the database
version control and the validation on the model side. This means that there

122



6. Lessons Learned

was no need to perform the content validation on every single place while
working with entities. Microsoft Azure cloud platform provided all the
necessary resources for easy-deploy, scalability, and web APIs. The web
platform has a clean and modern design. It is responsive and comes with
instructions which helped users to use the system.

6.3. Outcome

Different aspects have been covered in the evaluation process. For the evalu-
ation process, it was necessary to make the web platform publicly available
so participants from other institutions could be involved as well. The web
platform was hosted on the Microsoft Azure cloud platform which pro-
vided all the necessary infrastructure including a sub-domain. This has been
achieved with an initial credit for students which was very practical during
the implementation and testing phases. The mobile game was published
to the Google Play Store for the purpose of the beta testing and by doing
this, many potential issues regarding the manual software installation were
avoided.

The theoretical part of the evaluation was focused on previous experience
with game-based learning software. The practical part rated the web appli-
cation itself according to usability of the platform, emotions participants
experienced during the testing process, functionality and general aspects.
The results showed that the web platform is well received by the instructors
and they are willing to use it in the future. It is positive to see that game-
based teaching approach brought new experiences to users. According to the
testing results, the software satisfies the usability criteria. Also, prevailing
feelings that participants experienced were positive.

Finally, it is important that all suggestions for the improvement are regarding
some details and that no one expressed missing features which might be of
very high importance nor some unnecessary functionalities.
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7. Conclusion and Future Work

This chapter provides the summary and the outlook of the project. Ideas for
future work and further improvements of the project will be discussed as
well.

7.1. Conclusion

Technology became an important part of almost every aspect of human
lives. The knowledge of the STEM disciplines is becoming necessary for
more and more jobs. However, the process of the STEM education is for
many students very challenging which leads to demotivation and poor
performances. Therefore, educators were exploring different approaches in
order to find a solution which could increase motivation and engagement
with the STEM disciplines. Digital game-based learning is an approach
which has shown the positive impact on educational effectiveness and
student motivation.

As a result of the new technological advancements, mobile and adaptive
learning approaches have been developed. Adaptive learning is attracting
more and more attention in educational community as it is capable of
adapting educational content to a student’s knowledge level. Large-screen
devices are supported by a number of educational mobile STEM games,
but the need for mobile STEM games might increase following the rapid
growth of mobile trends. Therefore, this thesis proposes the sCool system
as a solution for increasing motivation and engagement of high school
and first-year university students with the STEM disciplines. It consists of
the multidisciplinary educational mobile game and the web platform. The
web platform is intended to be used by educators for course creation and
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tracking students’ progress. Once the educational content is ready, it can be
used in the video game where students can select one of the listed courses,
learn theoretical concepts, and practice their skills. The first implemented
STEM module is programming where users can write and execute Python
code on mobile devices. The video game is created to be multi-platform
and capable of supporting both active and adaptive learning. The game
comes with the implementation of dynamic balancing principles of the
game difficulty and the difficulty of an educational content in order to keep
players engaged. Procedural content generation algorithms are utilized for
a map, content and sound generation so instructors can focus themselves
only on educational content creation. Another benefit for instructors is that
they can get an insight into the progress of every student and can focus
their time only on concepts that students failed to grasp. The main technical
components of the project are the Microsoft Azure cloud platform and the
Unity game engine as they are capable of supporting a wide variety of
project requirements.

The prototype of the system was tested by ten study participants from the
Graz University of Technology, the University of Westminster, and the RMIT
University. The study results show that the system satisfies the criteria of
the System Usability Scale with an average score of 84.25. Also, happiness
was the prevailing feeling on the Computer Emotion Scale while negative
feelings such as the sadness, anxiety, and anger got very low score values.
The study participants generally saw the web platform as an interesting tool
which they could use up to some extent in their courses.

7.2. Future Work

There are some additional functionalities which should be improved and
features that could be implemented in the project. The web platform should
have more created courses which can be incorporated into the game and
already existing ones should be extended and revised. Also, it should
support a creation of different question types and the functionality for
reordering of course, skill and task items. Based on the feedback provided
by questionnaire participants, each task item should display a graphical
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representation of how many students have taken the selected task and what
were the results. The other suggestion derived from the user feedback is that
the activity diagram should display not only the number of active students
for the selected day, but the complete list of their names, so educators
can see who exactly used the software for the selected day. The technical
implementation of the adaptive learning module already exist but the
missing part is a calibrated item set.

The video game should be able to support additional modules for other
disciplines. Some of the necessary components which should be imple-
mented are a collaboration tool where students can chat and discuss given
tasks among the group and a note system where they can write and save
the information that they find important. Also, additional improvements
could be performed on the enemy Al, dynamic game balancing and spaced
repetition components. The completion of the multilayer module should
be performed as well. It could be interesting to create a functionality of
restricting a minimal and maximal number of condition, loop, variable and
movement controls in the code. The server-side implementation already
exists, so the only missing part is a client-side functionality.

One of the necessary future tasks is to perform a more detailed testing of
learnability and educational effectiveness of the project which, unfortunately,
was not performed due to the time and organizational constraints.
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Appendix A.

Questionnaire

A.1. Part 1 - Computer Emotion Scale

While using the sCool web application, I felt:

None of the time Some of the time Most of the time All of the time

satisfied o) o) 0 o)
disheartened o) o) 0 o
anxious o) o) o o
irritable o o o o
excited o o o o
dispirited 0 o 0 0
insecure o o) o o
frustrated o) o o) o)
curious o o) o o
helpless 0 0 0 o
nervous o o o) o
angry o) o o) o)

Table A.1.: Computer Emotion Scale (Kay & Loverock, 2008)
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Appendix A. Questionnaire

A.2. Part 2 - System Usability Scale

Strongly disagree Disagree Undecided Agree Strongly agree

I think that I would like to use o 0 0 o 0
this system frequently

I found the system unnecessarily o o o 0 0
complex

I thought the system was easy to o 0 o 0 0
use.

I think that I would need the sup- o 0 o 0 0

port of a technical person to be
able to use this system.

I found the various functions in o o o o 0
this system were well integrated.

I thought there was too much o o o o o
inconsistency in this system.

I would imagine that most peo- o o 0 0 0
ple would learn to use this sys-
tem very quickly.

I found the system very cumber- o o 0 0 0
some to use.

I felt very confident using the o o 0 0 0
system.

I needed to learn a lot of things o o 0 0 0
before I could get going with this

system.

Table A.2.: System Usability Scale (Brooke et al., 1996)

A.3. Part 3 - Previous Experience and System
Specific Questions

Previous experience and system specific questions:

e How experienced are you with using mobile educational games? (5
very .. 1 not at all)
e Name mobile educational games you know and have used.
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Appendix A. Questionnaire

How experienced are you with web e-learning tools? (5 very .. 1 not at
all)

e Name web e-learning tools you know and have used.

How experienced are you with educational web platforms for mobile
game content creation and adaptive learning? (5 very .. 1 not at all)
Name web platforms of this kind that you know and have used.
What did you like about the application?

Was it easy for you to create courses and educational content?

Were there any problems completing the tasks?

Do you find the page / the navigation well structured?

Did the application miss any important features?

Would you use the this tool for creating mobile courses for students?
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