Artificial Intelligence support
Scrabble Game for Sinhala
Language

Y. S. Weerathunga
2024



Scrabble Game for Sinhala
Language

A dissertation submitted for the Degree of
Master of Computer Science

Y. S. Weerathunga
University of Colombo School of Computing
2024






Declaration

Name of the student: Y. S. Weerathunga
Registration number: 2019MCS098
Name of the Degree Programme: Individual Project (MCS)

Project/Thesis title: Artificial Intelligence support
Scrabble Game for Sinhala Language

1. The project/thesis is my original work and has not been submitted previously for a
degree at this or any other University/Institute. To the best of my knowledge, it does
not contain any material published or written by another person, except as
acknowledged in the text.

2. lunderstand what plagiarism is, the various types of plagiarism, how to avoid it, what
my resources are, who can help me if | am unsure about a research or plagiarism issue,
as well as what the consequences are at University of Colombo School of Computing
(UCSC) for plagiarism.

3. lunderstand that ignorance is not an excuse for plagiarism and that | am responsible
for clarifying, asking questions and utilizing all available resources in order to educate
myself and prevent myself from plagiarizing.

4. |am also aware of the dangers of using online plagiarism checkers and sites that offer
essays for sale. | understand that if | use these resources, | am solely responsible for
the consequences of my actions.

5. lassure that any work | submit with my name on it will reflect my own ideas and effort.
| will properly cite all material that is not my own.

6. | understand that there is no acceptable excuse for committing plagiarism and that
doing so is a violation of the Student Code of Conduct.

Signature of the Student (DD /I\?I?I:;YYYY)
atc ?‘a
eeremie, 28/09/2024

Certified by Supervisor(s)
This is to certify that this project/thesis is based on the work of the above-mentioned
student under my/our supervision. The thesis has been prepared according to the format
stipulated and is of an acceptable standard.

Supervisor 1 Supervisor 2 Supervisor 3

Name Dr. M.D.R.N
Dayaratna

Signature /Q(VS(\/@/

Date 27-10-2024



27-10-2024


ACKNOWLEDGMENT

| would like to express my sincere gratitude to everyone who contributed to the success
of this project. Special thanks to my academic supervisor for their invaluable guidance
and support throughout this journey. I'm also grateful to my peers and colleagues for
their insights and encouragement. My heartfelt appreciation goes to my family and
friends for their unwavering support and motivation. Additionally, I acknowledge the
contributions of the research community and any funding bodies that have supported
this work. Their collective knowledge and resources were instrumental in the

completion of this project.



ABSTRACT

The combination of technical and traditional word games in language learning tools
creates a new approach to language learning and cognitive development. This study
begins to develop a Scrabble game designed for Sinhalese, incorporating advanced
artificial intelligence (Al) to enhance gameplay and educational value Recognizing the
rarest of language games with unique orthographic and syntactic characteristics in non-
English languages, especially Sinhala , This project aims in order to fill the gap
necessary for By carefully analysing existing Scrabble games and adapting them to the
Sinhalese language system, this research seeks the intricacies of the language, including
its rich morphology and unique text, to create a complex and instructive Al-driven
game.

The approach includes critical revision of linguistic standards of Sinhalese,
development of complex Sinhalese vocabulary, and Al algorithms capable of
simulating strategic games using and is to strengthen language skills instead It is also a
model for the use of Al in educational language games.

Quantitative and qualitative impacts of the game were assessed in terms of improved
language skills, player engagement and Al competitiveness. Preliminary findings
indicate a positive relationship between routine use of games and improved language
skills, emphasizing the potential of games as new language learning tools.

The research contributes to the development of computational linguistics, Al and
language learning by showing how technology can bridge the language learning gap. It
opens the way for future studies on the integration of Al into teaching tools for the

development of new languages with unique linguistic features.
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CHAPTER 1: INTRODUCTION

1.1. Motivation

The integration of technology into language learning has revolutionized educational
methodologies, offering diverse and flexible learning environments. Digital platforms,
from mobile applications to online courses, have facilitated access to language learning
resources beyond traditional classroom settings. These technologies not only provide
interactive and personalized learning experiences but also enable learners to practice at

their own pace, accommodating various learning styles and preferences.

Educational games, particularly, have emerged as powerful tools in language education,
engaging learners through play and practical application. The gamification of learning
tasks transforms them into enjoyable activities, significantly enhancing motivation and
retention. Games in educational technology foster a hands-on learning environment,
allowing for the contextual application of language skills in a simulated, risk-free
setting. This approach not only improves vocabulary and grammar proficiency but also
enhances cognitive skills such as problem-solving and critical thinking, essential for
language acquisition. The importance of games in educational technology underscores
the need for innovative approaches to language learning, combining the engaging
nature of games with the educational value of technology-driven language instruction.

1.2. Statement of the Problem

Scrabble is one of the best educational games in the current society. In contrast to games
such as Checkers, Go, and Chess, which are regarded as perfect information games,
Scrabble is believed to be an imperfect information game. However, according to
Sheppard, Scrabble transforms into a perfect information game during its end-game
phase, when the tile bag is empty. The literature on artificial intelligence in games has
a tendency to concentrate more on some games, such as chess and checkers, rather than
other games, such as scrabble and poker. The implementation of an artificial
intelligence that plays legal moves and is capable of defeating a human player with a

1



high degree of skill is a tough task. This is due to the fact that Scrabble is a game with
a wide state space, even larger than that of Go or Chess. As this is a game with
incomplete information, in which the current player is uninformed of the opponent's
rack, making it extremely difficult to predict the opponent's future move till the game
is over. So, it will help to improve the critical thinking of the personnel, decision
making, evaluate the decisions taken, strategic thinking, etc. Also, scrabble is a source
to improve a particular language as well. Due to those reasons, versions of scrabble
games developed among the worlds. With the development of technology, almost all
games computerized, and Al also came into the context. Most people like to play such
games in their mother language. According to Voinov, scrabble has versions of 29
major languages that are commercially available. So, when it comes to the Sinhala
language there are no successful implementations of scrabble games integrating with
Al. Which has the capability of playing the game with the computer player. That will
happen due to the complexity of the Sinhala language words like linguistic variations,
letter distribution etc. Therefore, the usage of data structures and algorithms related to
the Al module need to be identified correctly when using this kind of language. So the
aim of this research is to implement a scrabble game in the Sinhala language that the
human player can play with an Al player. This includes move algorithms and a scoring
system which will be specific to the Sinhala language. By implementing this scrabble
game, it will help to globalize the game as well as to promote the Sinhala language

among the world.

1.3. Research Aim and Objectives

1.3.1. Aim

Implement a scrabble game in the Sinhala language that the human player can play with
an Al player. This includes move algorithms and a scoring system which will be
specific to the Sinhala language. By implementing this scrabble game, it will help to

globalize the game as well as to promote the Sinhala language among the world.

1.3.2. Objectives

e Do the literature review and identify the approaches used to develop the existing

scrabble games for different languages (ex: MAVEN and Quackle in English



Language).

e Identify limitations with the language by analysing the game rules, scoring
system of the scrabble game and assign the points to each letter in the tile bag.

e Use good data structure to generate the best move that provide high score and
challenging to the opponent.

e Design user interface that offers a superior user experience to encourage
engagement with the Sinhala language Scrabble game.

e Performance evaluation stands on feedback from users under difficulty levels,
winning criteria, the quality of moves and the attraction towards the game.

Also, some game specific criteria are there to evaluate the performances.

1.4. Scope

e Scrabble game can be played in Sinhala language.

e Only 2 players are allowed to play. So human and Al player can play the game.
e There is a predefined dictionary to allow the Sinhala words.

e Scrabble board, letter tiles and scoring system is also predefined and specific to

game and language.

1.5. Structure of the Thesis

This study is significant as it addresses the urgent need for innovative language learning
tools for Sinhala speakers, integrating educational technology and artificial
intelligence. By developing a Sinhala version of Scrabble that is both culturally relevant
and educationally effective, this research contributes to the fields of computational
linguistics, Al in education, and language preservation. It offers a model for leveraging
technology to enhance language learning, providing insights into the effective
integration of Al for educational game development. The project's outcomes are
expected to benefit language learners, educators, and researchers, encouraging further
advancements in language education technology. The thesis structure aims at leading
the reader through the reason why the study was conducted, methodology with the
research gap, design and implementation, evaluation with both frontend and backend
functionalities and model accuracy levels. Also, it includes the evaluation of basic game

overall behaviour as well, and conclusions in a consistent and logical way.



CHAPTER 2: LITERATURE REVIEW

2.1. Introduction to the Literature Review

The Literature Review chapter serves as the cornerstone of this thesis, establishing the
theoretical and empirical foundation upon which the research is built. It aims to
critically assess the existing body of knowledge on the intersection of language
learning, game-based education, and artificial intelligence, specifically focusing on
how these domains apply to the Sinhala language. This review is crucial for identifying
the research gap that this thesis aims to address, namely, the development of an Al-
integrated Sinhala language learning game.

To ensure a comprehensive and systematic analysis, a meticulous methodology was
employed for selecting and reviewing the literature. This involved searching academic
databases and journals for relevant studies, focusing on those published in the last
decade to ensure the information’s currency and relevance. Keywords such as "language
learning games,” "Al in education,” "Sinhala language tools,” and "language
processing™ were used. Each selected study was then critically analysed to evaluate its
methodology, findings, and relevance to the research objectives. This process not only
highlights the current state of research but also underscores the innovative nature of the
proposed project by situating it within the broader context of educational technology

and computational linguistics.

2.2 Benefits of Games in Language Learning

The intersection of gaming and education has unfolded new vistas for language
learning, providing an engaging and effective medium for enhancing linguistic skills.
Games, particularly word-based ones like Scrabble, have been acknowledged for their
cognitive benefits, including enhanced vocabulary acquisition, spelling proficiency,
and grammatical awareness. Scrabble, with its strategic demand for word formation and
vocabulary usage, stands out as a potent educational tool. It necessitates players to delve
into their mental lexicon, thereby reinforcing language structures and vocabulary in a

context that is both competitive and cooperative.



Research underscores the significant impact of Scrabble and similar word games on
language learning outcomes. For instance, studies have highlighted how these games
not only improve a learner's vocabulary but also contribute to higher engagement levels,
motivation, and retention of linguistic information. The gameplay encourages critical
thinking, problem-solving, and the application of language rules in a dynamic setting,

making learning an active and enjoyable process.

According to Hainey et al. (2016), this synthesis of gaming and learning exemplifies a
shift towards more immersive and interactive educational experiences, leveraging the
intrinsic motivation and engagement that games provide to facilitate language
acquisition. The positive implications for language education are profound, offering
learners a multifaceted approach to developing their linguistic competencies in a

manner that is both effective and enjoyable.

2.3 Artificial Intelligence in Scrabble Game Design

Dulanga (2017) presents a significant advancement in the domain of educational games
by designing a Scrabble game tailored for the Sinhalese language and augmented with
artificial intelligence (Al). This innovation addresses the specific challenges posed by
the Sinhalese language's complex script and phonetic system, which had previously
been underrepresented in digital language learning resources. By integrating a new Al
framework that combines a hybrid algorithm with backtracking and alpha-beta pruning
techniques, the game achieves more efficient move generation and evaluation. This
approach not only enhances the gameplay experience by providing support for the
Sinhalese language but also sets a new benchmark in the use of Al within language

learning tools.



. - Board Analyzer Reports about hock
Send Vaid Squnres r | squeres on the board
Jueres o boar

on the board for [
amove asthe player Reports move
makes the word

and te limit ound then

(Send the properties
of the squares
occupeed by the

Send the complend played words
move o check vabdey . |

— Player I«

i

_ Manager Tt i

Pass the play=d -
4 Oppooest's move

words by the Repert fie sooee

‘:0— Al Player
o an | ‘

Find Jagal words

v > Refree ]

Human T

Player Check for Jagality of played wards
v * £ can be made usng

Lexicon
Handier

Figure 2-1 Move Generation Algorithm (Flowchart) Implemented for a Sinhala Scrabble Game
(Dulanga, 2017)

The potential of Al to improve educational games is particularly notable in the context
of language retention and the provision of engaging learning models. Dulanga’'s work
exemplifies the integration of Al to address the intricate nature of language processing,
offering a sophisticated model for future developments in Al-driven language learning
applications. The legal move generation algorithm developed showcases the game's
ability to challenge players with complex word formations, encouraging deeper
engagement with the language and contributing to the broader aim of educational
technology. This contribution is a testament to the transformative power of Al in
enhancing the educational value of games, especially for languages that lack substantial

digital resources.

2.4 Scrabble as a Tool for Vocabulary Acquisition

The efficacy of Scrabble as a pedagogical tool for vocabulary enhancement is
underscored by the quasi-experimental study conducted by Khaira, Mahyudin Ritonga,
and Halim (2021). Focusing on Arabic vocabulary learning, the research implemented
a controlled pre-test and post-test design to gauge the impact of Scrabble on language
acquisition. The findings indicated a significant improvement in students' vocabulary
skills, attributable to the interactive and engaging nature of the game. This underlines
Scrabble’s potential as an effective educational medium, which not only aids in the

retention of vocabulary but also in making the learning process enjoyable.
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Figure 2-2 The frequency distribution curve of the post-test score for the vocabulary ability of the
control and the experimental class
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Tests of Normality

Class Group Kolmogorov-Smirnov* Shapiro-Wilk
- Statistic  df Sig.  Smatistic Df  Sig.
The score of Experiment Class 233 40 J000 860 40 000
vocabulary skills  Control Class 195 41 J000 L8890 41 L0l

a. Lilliefors Significance Correction

Figure 2-3 Kolmogorov-Smirnov Normality Test

The study is instrumental in expanding the discourse on game-based learning,
reinforcing the notion that games can serve as powerful educational aids. By
transforming a traditional game into an academic tool, Scrabble has demonstrated its
capacity to motivate and engage learners, thereby enhancing the educational process.
The study's contribution is twofold; it provides empirical evidence supporting the use
of games in education and offers a framework for incorporating such game-based
strategies into language learning curricula. This establishes a precedent for further
exploration into the use of traditional games enhanced with educational objectives,
potentially reshaping language learning methodologies.

2.5 Algorithmic Innovations in Game Al

The study by Appel and Jacobson (1988) presents a landmark advancement in the field
of game-playing Al, particularly within the Scrabble game framework. Their research
yielded the development of an optimized Scrabble program, utilizing a GADDAG data
structure to accelerate the move generation process. This algorithmic innovation
significantly reduces the search space and speeds up the decision-making steps,
enabling the Al to play at near-human or even superhuman levels of word knowledge

and strategy.
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Figure 2-4 Move Generation Process Implementation according to GADDAG Algorithm (Appel and
Jacobson, 1988)

The implications of such advances extend beyond Scrabble. They demonstrate the
potential of algorithmic efficiency in enhancing the cognitive capabilities of Al within
educational settings. By enabling Al to handle complex word formations and strategic
gameplay, these algorithmic improvements lay the groundwork for more sophisticated

educational tools that can adapt to the user’s skill level and learning pace.

The GADDAG algorithm, with its emphasis on speed and memory efficiency, serves
as a prime example of how computational techniques can be adapted to improve both
game design and educational software. This alignment of Al with user engagement and
educational outcomes suggests a promising direction for future research and
development in Al-driven language learning applications.

2.6 Recurrent Neural Networks in Language Processing

The transformative potential of Recurrent Neural Networks (RNNSs) in language

processing is brought into focus by advances that address their traditionally challenging
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training process. The groundbreaking work cited in this paper demonstrates how recent
developments in Hessian-free optimization have enabled the effective training of
RNNSs, allowing them to excel in character-level language modeling tasks. This is a
leap forward, considering the historical difficulty posed by the unstable dynamics of

RNNSs, often described as the vanishing or exploding gradients problem.

The paper (llya Sutskever, Martens and Hinton, 2011), introduces a novel RNN
architecture that incorporates multiplicative connections, enabling a dynamic and
context-sensitive transition matrix between hidden states. This variant, trained with the
Hessian-Free optimizer, has shown to outperform other models, marking a significant
achievement in RNN applications. The study not only showcases the capacity of RNNs
to handle complex sequence modeling but also highlights the architecture's ability to
generate text with nuanced understanding, opening new avenues for in-depth language

comprehension.

Figure 2-5 Graphical Preview of Recurrent Neural Network (llya Sutskever, Martens and Hinton,
2011)

Such advancements underscore the promise of RNNSs in educational tools, particularly
in the realm of language learning. The ability of these networks to process and predict
sequences can be leveraged to create more interactive and intelligent language learning
applications, capable of adapting to the user's proficiency and learning style. The
implications for Al-integrated language learning platforms are profound, suggesting a
future where language acquisition is deeply personalized and contextually rich,

empowered by the advanced capabilities of RNNSs.



2.7 Challenges in Developing Language Learning Games

The venture into creating language learning games, such as a Sinhala version of
Scrabble, is fraught with both technical and linguistic challenges (Kam et al., 2008).
The primary obstacle is designing a user interface that not only supports the Sinhala
script but also provides a seamless, culturally resonant gaming experience. This
involves extensive linguistic analysis to ensure the game's vocabulary database is
comprehensive and contextually appropriate, reflecting the nuances of Sinhala syntax
and morphology.

Lean R C*Td
ﬁ A
§ .

L W

Figure 2-6 Indian Mobile Game developed to work even in feature phones to easily bypass the
technical challenges (Kam et al., 2008)

Technologically, developing an Al that can process the intricacies of Sinhala and
simulate a human-like opponent presents significant hurdles. The Al must be able to
generate valid words, strategize based on the state of the game, and adapt to the player's
skill level. To accomplish this, algorithms capable of handling the unique
characteristics of the Sinhala language are required, along with machine learning
models trained on large datasets of Sinhala words. These models must be robust enough
to support natural language processing techniques that can accurately analyze word
validity and language rules, ensuring the Al can engage players in a linguistically rich

and competitive manner.

Furthermore, the scoring system and game mechanics must be adapted to reflect the

cognitive effort involved in forming words in Sinhala, which may have more letters or
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complex syllable structures than those in English. This includes not only technical
implementation but also the preservation of educational value, ensuring that the game
remains a tool for language learning as much as it is a source of entertainment.
Balancing these elements is essential to create a game that is both enjoyable and

beneficial to language learners.

2.8 Gaps in the Literature Review

The literature review has unveiled specific gaps in the research concerning language
learning games for Sinhala speakers and the application of Al in this context. Firstly,
there is a scarcity of digital educational tools and resources tailored to the unique
orthographic and syntactic characteristics of the Sinhala language. This lack of support
hampers the ability of Sinhala speakers to utilize technology for language acquisition
effectively. Secondly, while Al has shown promise in language learning applications,
its integration into games designed for Sinhala speakers remains unexplored, leaving a

significant area of potential development untouched.

Furthermore, there is limited research on the effectiveness of language learning games
in improving the comprehensive language skills of Sinhala speakers, including
vocabulary, grammar, and pronunciation. Studies have not adequately addressed the
cultural aspects of game design, which are crucial for engaging Sinhala speakers and
promoting language retention. Additionally, the literature reveals a gap in the
development of Al algorithms that are capable of understanding and processing the
Sinhala language, a necessity for creating an interactive and adaptive learning

environment.

The review also indicates a lack of evaluation frameworks specific to the Sinhala
language that can assess the educational impact of language learning games. Such
frameworks are essential for continuous improvement and ensuring that the games
serve both as effective teaching tools and as means of preserving the linguistic heritage
of Sinhala. The gaps identified through this literature review set the stage for the current
research to contribute significantly to the fields of computational linguistics, Al in

education, and language preservation.

11



2.9 Summary of the Literature Review

The literature review culminates in the recognition of the integral role games,
particularly Scrabble, can play in language learning. Studies have consistently shown
that the incorporation of Al in game design significantly enhances the learning
experience by providing tailored educational content and interactive experiences. In the
context of the Sinhala language, the review reveals a distinct gap in resources that cater
to its linguistic intricacies.

The main findings from the literature underscore the effectiveness of language learning
through games, the potential of Al to revolutionize educational tools, and the necessity
for culturally and linguistically appropriate resources. These insights support the
research objectives by highlighting the need for a Sinhala version of Scrabble that is
augmented with Al, addressing the current scarcity of digital educational tools for
Sinhala speakers.

Moreover, the literature points to the need for Al systems that can handle complex
language patterns, suggesting that the development of such technologies could
significantly contribute to the field of computational linguistics. By addressing these
gaps, the research aims to provide an innovative solution that not only enhances the
language learning experience for Sinhala speakers but also contributes to the
preservation and appreciation of their language in the digital age. This aligns with the
broader research goals of fostering inclusive educational technologies that can adapt to

various linguistic contexts.
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CHAPTER 3: METHODOLOGY

3.1 Introduction

The methodology employed in this research is inherently multidisciplinary, drawing
upon principles from computational linguistics, game development, and machine
learning to create a novel educational tool: the Sinhala Scrabble game integrated with
Al capabilities. This subsection serves as an introduction to the research approach,
elucidating the rationale behind the integration of these diverse disciplines and
outlining the overarching goals of the methodology.

Computational linguistics forms the foundation of the methodology, providing insights
into the structure, rules, and nuances of the Sinhala language. By leveraging
computational linguistics principles, we