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Abstract

The game-based e-learning platform (codenamed, EDGE) is a system to build and manage
game-based learning experiences. It is a web-based system employing the client-server
architecture and uses technologies from the JavaScript stack. The system can be used by game
creators, school academic staff, students and their parents. It provides a flexible template-based
game development environment, ability to host and join game play sessions, user management

and performance reporting capabilities.

Through the use of modern Agile methodologies and tools such as Feature Driven
Development and Jira, the EDGE system was developed iteratively to address a critical
problem prevailing in the current Sri Lankan education system: not incorporating modern

teaching techniques in school education systems.

Existing systems in game-based and online learning were studied to build a solid understanding
of requirements for this project. Several technical and architectural design approaches were
evaluated by weighing their pros and cons. Afterwards, the candidate designs were
implemented using modern technologies such as Angular, Node & Express, Socket.10, HTML
canvas and Docker containers. Finally, the system was extensively tested using a variety of
methods such as exploratory testing, validation & verification and unit testing with the Jasmine

and Karma frameworks.

The final solution is a system that has all the basic tools for building, managing and
experiencing game-based learning right from a user’s web browser. Whilst there were many
hurdles to overcome due to the system’s scale and complexity, the EDGE system proves that a

platform of this nature can address present-day issues in delivering education content.
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Chapter 1 - Introduction

1.1. Background and Motivation

‘Game based learning’ describes the act of conducting pedagogical work with a game or game
mechanic as the core educational tool (BERG, 2015). With the widespread adoption of web
and mobile technologies in recent years many products have emerged catering game-based
learning experiences to the global market (Kapuler, 2020). However, it is yet to be introduced

into the Sri Lankan education system.

The Sri Lankan school curriculum focus on general science and mathematics during early
secondary school grades (eduLanka, n.d.). Fundamental understanding of these subjects helps

students pursue careers in STEM fields later in life.

Even with a clearcut requirement for game-based teaching/learning methods within the Sri
Lankan school curriculum, students are still forced to follow traditional methods. The effective
evaluation of students’ knowledge is further hindered due to political, economic and social
factors. The absence of suitable tools as well as incompatibility, cost and complexity of existing

tools contribute to the delayed adoption of new learning methods.

Education providers have not identified the severity of this problem, and as a result does not

attempt to restructure their teaching methods to address the learning needs of young students.

Attempting to solve this problem I propose combining game-based learning and e-learning
concepts to create a tailor-made solution, for students in early secondary school grades and
their education providers; a ‘Game-based E-Learning Platform’ to create, play and manage

game-based learning experiences.
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The proposed platform is a web application that contains pre-made, customizable game
templates. Education providers choose a game template, customize it and host game-sessions
in their virtual classrooms managed inside the platform. Students join these sessions and
engage in game-based learning experiences. Game progress is automatically tracked and used

to generate detailed reports to all parties in the classroom, including parents.

1.2. Objectives

The main goal of this project is to develop a hosted web application that is able to create, play
and manage game-based e-learning experiences. Additionally, the project should further
achieve the following objectives.

e Develop (at least) five game templates.

e Develop a fully playable game-based learning experience using the developed system.

e Host the final version of the system on a public server.

e Host a gaming session with real users and a game developed using the system.

e Generate reports from a real gaming session.
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1.3.

Dissertation Structure

Abstract

Concise abstract of the entire project.

Acknowledgements

Acknowledging people and factors which contributed to the project’s success.

Introduction
Establishes the foundation for the project and its requirements. The overview of the

project, its objectives and dissertation structure are discussed.

Background
A detailed review about existing systems, design principles and alternative approaches

are documented. Further, the system requirement is specified.

Design documents
Important design decisions are discussed and interface prototypes of the system are

attached in this chapter.

Implementation details
Documents the implementation process, technologies used and code examples of the

system are presented in this chapter.

Testing & evaluation
The evaluation processes used are documented in this chapter along with test result

reports.
Conclusion

A retrospective on the planning, key decisions and final outcome of the project is

reported in this final chapter.
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Chapter 2 - Background

This chapter discusses in-depth the state-of-the-art in game-based learning and e-learning
systems. It later provides an overview of the new system’s main entities by using both formal

diagrams and text descriptions. Finally, the high-level requirements of the system are defined.

2.1. Similar Systems Review

In order to understand the functionalities, shortcomings and notable aspects of the vast array
of different existing systems, the similar systems review was carried out in three main
categories:

1. Game-based learning software

2. E-learning software

3. 2-D game development software
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2.1.1. Game-based Learning Software

2.1.1.1. Prodigy Mathematics Games

Prodigy (Prodigy Education Inc, n.d.) is a comprehensive suite of turn-based mathematics and
English games. Initially, teachers must define a set of learning objectives and the subject topic.
The system will then select challenges from a pool of template questions best suited for each

learning outcome and present them as games to the user.

The turn-based game mechanic is shown in Figure 2.1 below. The left and right characters are
controlled by the student and computer respectively. In each round, the student is presented
with a question as shown in Figure 2.2. Incorrect answers are not accepted, and instead a hint
is displayed. Upon entering the correct answer, the student gets to inflict damage to the
opponent. Afterwards the computer-controlled character gets a turn, and then the round repeats

until one player loses.

Figure 2.1 - Prodigy mathematics game battle screen
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3:
Determine if ; is a proper or improper fraction?
A. proper fraction

B. improper fraction <

Figure 2.2 - Prodigy mathematics popup question screen

The main progression mechanic of the game is to spend “skill points’. Skill points are acquired
after completing tasks or special move combinations. Spending points increase a player’s

abilities. The interface related to this section is shown in Figure 2.3

Figure 2.3 - Prodigy mathematics skills upgrade screen
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Notable features of the Prodigy system are listed below.

Supports only mathematics curriculums from grades 1 through 8.

Primary game mechanic is ‘magic spells’ acquired by the user by winning challenges.
Teachers are provided with a dashboard to inspect student progress.

Teachers have access to comprehensive reports (Appendix A).

Students can be manually added via a ‘class code’.

Teachers can configure student placement tests. This allows the Prodigy system to cater

challenge difficulty according to the student’s skill level.

Limitations of the Prodigy system are as follows.

Game worlds allow students to interact with each other in real time. However, the
combat system only allows two players at once.

Game content is not customizable.

External party is responsible for the randomly picked pool of questions.

Does not facilitate any form of communication within the platform.
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2.1.1.2. Oodlu Educational Games
Oodlu is a platform which lets teachers create game-based learning sessions where questions

are interspersed with mini games. Oodlu is recognized as having a proven approach to game-

based learning (Oodlii Ltd., n.d.).

With the Oodlu platform, teachers can create games, manage groups of students and view
student progress (as seen in Figure 2.4). Teachers are able to select several types of games, and
an example type of game is shown in Figure 2.5. Educational questions are shown in an

intermittent manner during gameplay. An example multiple choice question is shown in Figure

2.6.

Contont and Games  Manage Groups Anahytics Rewards More ~

Mg o goups See your atudints
oF ahudents. progess,

&S <

were here 1o hel Asic codk bot

Figure 2.4 - Oodlu platform teacher dashboard

Which of these is "brother"?

Figure 2.5 - Oodlu platform game screen Figure 2.6 - Oodlu platform question screen
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Notable aspects of the Oodlu platform are mentioned below.
e Students are given a small window of time to play a game as a reward for correctly
answering a question. The game is pre-defined for a quiz session by the teacher.
e Number of hints displayed when incorrect answers are given can be configured.

e Provides in-depth analytics about student performance (refer Appendix B).

Shortcomings of the platform are mentioned below.
e The games are not customizable, only the questions displayed between game play
sessions can be changed.
e Games are not related to any educational content. Instead, they are stimuli to engage
the student into answering more questions. The two approaches seem contradictory.

e No communications channels built into the platform.
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2.1.1.3. Jumpstart Math Blaster HyperBlast 2

Jumpstart Math Blaster (JumpStart, n.d.) is a modern 3D game designed to be played on mobile
devices and targeted for users older than six years. The game incorporates mathematics
challenges in between gameplay sessions similar to Oodlu. However, unlike Oodlu the

challenges and gameplay occur in tandem, and not jarringly different screens.

Math blaster is a three-dimensional ‘space shooter’ game (Figure 2.7). At the end of each level
a character appears, presenting questions for the user as shown in Figure 2.8. The user must

correctly answer in a separate prompt within the given time limit, in order to progress.

Figure 2.7 - Jumpstart math blaster game play Figure 2.8 - Jumpstart math blaster boss fight screen

The notable difference of this software in comparison to others, is the use of three-dimensional
graphics and touch-based input. It is an example of blending the learning and game-play aspects

harmoniously, rather than having the two different types of screens.

One of the main disadvantages of this system is that it’s focused entirely around casual game
play. While it still tries to provide educational content, the content cannot be controlled by an
education provider. Further, the game play is slightly addictive. The sudden change of pace at

the end of the level may be perceived as a disturbance by the user.
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2.1.1.4. Educandy

Educandy (Educandy, n.d.) is a website allowing teachers to create interactive learning
activities. Similar to Prodigy and Oodlu, users are presented with a set of game templates. The
questions for each template must be filled in by the user — typically an education provider.

Afterwards, the platform shuffles the questions for each game.

Each game template belongs to one of the three activity types; word search, picture match up

or quizzes. An example of a word search game is shown in Figure 2.9. The dashboard provided

for managing games is shown in Figure 2.10.
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