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Abstract

The study performed here focused on the prediction of the results of football matches using
machine learning models. The machine learning models considered in the study were Random
Forest (RF), Decision Tree (DT) and the Gradient Boosting classifier and these models were used
to build an ensemble model which was the model that performed prediction based on voting. The
data associated with football matches was used for training the ensemble model. The best 20
features from the data were selected using the Chi-square technique and the class imbalance in the
dataset was solved using Synthetic Minority Oversampling Technique (SMOTE). The results of
the study showed that the ensemble model showed an accuracy of 99.5% in predicting the results
of football matches. The model was implemented as a desktop application that predicted if the
outcome of the football match was a win, lose or draw for the home team.
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Chapter 1
Introduction

1.1 Overview

Football is the most popular sport in the world. It is also one of the largest revenue generating
sports in the world (Ozanian, 2023). There are several ways people use football to earn money.
Revenue can be generated by owning a football club, selling products associated with football and
broadcasting the football matches. Another way in which a lot of people earn money is through
betting. Betting is not legal in a large number of countries around the world (Etuk et al., 2022).
However, it is legal in several countries where football is highly popular, like European countries.
These countries have allowed people to bet on football matches. People are able to perform betting
through officially registered gambling companies. Sports betting companies like Bet365 and
William Hill have allowed people to bet on football matches online(Gomez-Gonzalez and Del
Corral, 2018). A large amount of revenue is generated in association with sports betting and it was
found that the global sports betting market had a value of 203 billion dollars in 2020(gitnux, 2023.).
The sports betting market is also expanding rapidly and the revenue associated with sports betting
is expected to increase by 86% in 2028(F,2021). Football betting plays a major part in the revenue
being generated for sports betting around the world. In 2021 it was found that 70% of the revenue
generated from sports betting worldwide is generated from football betting(Linder,2023). People
place bets on the outcome of football matches, the goals scored by a team, the goals scored by a
player etc. However, people lose a lot of money when they perform betting as all the betting is
based on guesses by people. The loss of money and being addictive are the reasons betting is
looked down upon. People will be so interested in the betting process that they lose track of the
money that they have lost leading to a large financial loss. One way to reduce the loss of money is
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by somehow predicting the outcome of matches in a systematic manner. Such prediction will help

people lose less amount of money.

A large amount of data is being generated from football. These data include the data associated
with the performance of the players, the entire team, positions of players on the pitch
etc(Figure(1)). The data generated in football is used by countries and football clubs to improve
the performances of the players. The data is also used by football clubs to find the best players or
the players that fit their needs(Bogicevic, 2018). This data can also be used while performing
betting as the historical data associated with the performance of teams and players can be analysed
to find out if a team wins loses or draws a match. However manual analysis of the data is a tedious
process and the human judgement based on the analysis of data has a high chance of becoming
wrong as humans are always prone to error naturally. Analysing the data automatically and
performing a prediction automatically makes the prediction process highly effective. One major
technique that has been used for performing predictions based on data is machine learning.
Machine learning has been successful in performing predictions based on the data generated in a
number of sectors(Tercan and Meisen, 2022; Santangelo et al., 2023; Skorikov and Momen, 2020).
As a large amount of data is being generated in football the historical data can be used by machine

learning models for performing predictions
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World Cup most valuable players [2014/2018]

player team defense middiefield attack ~ total touches year (2018)

SN N N NANNBNS

FIGURE (1): THE sTATISTICS oF PLAYERS (Bogicevic, 2018)

Machine learning techniques have been used for solving many problems. Even if these machine
learning techniques have been successful several methods have been identified to improve the
performance of the machine learning models. These techniques ensure that the machine learning
models show a good performance in prediction. One such technique is featuring selection. Feature
selection involves the selection of the best informative features from the data for training and then
machine learning models(Chen et al., 2020). Feature selection helps in improving the time taken
for training the machine learning models and the performance of the machine learning
models(Khaire and Dhanalakshmi, 2019). Feature selection improves the performance of the
machine learning models but another technique that is useful for improving the performance of
machine learning models is data balancing. The class imbalance presents in the dataset used for
training the machine learning model is solved using data balancing(Mooijman et al., 2023). Data
balancing helps in improving the performance of machine learning models as the class imbalance

negatively affects the performance of the machine learning models. Another way to enhance the
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performance of machine learning models is by using ensemble models. An ensemble model
consists of several machine learning models and the final prediction of the ensemble model is
based on the prediction made by each individual machine learning model present in the ensemble
model. The ensemble model improves the generalizability of machine learning models and this
leads to a better prediction performance (Feng et al., 2023). So in the study performed here a
system is built for the prediction of the results of football matches using an ensemble machine
learning model. In the study, the performance of the machine learning model is improved using
feature selection and data balancing. Most of the club football matches are played in a home and
away format. So the model proposed in the study predicts if the away team in a match wins, loses

or draws.

1.2 Aim

The aim of the study is to build a system based on machine learning that is able to predict if an

away team in a football match wins, loses or draws.

1.3 Objective

The objectives of the study are:

e Find a dataset containing the data associated with football matches.

e Handle the missing values and the unwanted elements in the data.

e Use the Chi Square algorithm to select the best features from the dataset.

e Solve the class imbalance in the data using the Synthetic Minority Oversampling
Technique (SMOTE).

e Build an ensemble model that contains the Random Forest(RF), Gradient Boosting and

Decision Tree(DT).

11
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e Test the performance of the ensemble machine learning model in predicting the outcome
of a football match.
e Implement the model as a desktop application that receives data associated with football

teams and matches as input and generates an output if the away team wins, loses or draws.

1.4 Research questions
e Will the ensemble model proposed here be able to predict the outcome of football matches?

e Which are the best features associated with the data in the dataset?

1.5 Report structure

The first section of the report consists of the background details associated with the prediction of
results of football matches using machine learning. The second section of the report consists of the
details of the literature associated with machine learning-based prediction of the results of football
matches. The third section of the report consists of the details of the methodologies used in the
study. The fourth section consists of the details of the implementation of the system proposed in
the study. The fifth section consists of the analysis of the results. The sixth section contains the
discussion surrounding the results that were obtained in the study. The seventh and final section
of the report consists of the aggregation of the main techniques and results of the study and the

details about the future work.
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Chapter 2
Literature review

The literature associated with the use of machine learning algorithms for the prediction of the

results of football matches is discussed in this section.

2.1 Sports prediction using machine learning

Machine learning is used for the prediction of sports results in the study by(Bunker and Thabtah,
2019). The Avrtificial Neural Network(ANN) is used in the study for the prediction of results. The
data containing the data associated with players, matches, stakeholders, managers, and
bookmakers is used in this study. Feature subsets are created in this study to identify the best
features in the study and use the features for training. The results of the study show that the best
performance in prediction is shown by the ANN that has a backpropagation. However, a large

computational burden is associated with building the ANN model.

The performance of the machine learning models in sport outcome prediction is improved by
integrating machine learning algorithms with adaptive weighted features in the study by(Lu et al.,
2021). The results of basketball games are predicted in the study and the machine learning
algorithms considered in the study are stochastic gradient boosting (SGB), RF, Classification and
regression trees (CART), extreme learning machine (ELM) and XgBoost. The data used in the
study is the data collected from the NBA in the 2018-19 season. The dataset contains 15 features
or variables. The best performance in prediction is shown by the SGB as it achieved a Root Mean
Square(RMS) value of 11.558. It was found in this study that using the adaptive weighted features
improved the performances of the machine learning models. However, the building of the model

becomes a complex process when adaptive weighted features are involved in the study.
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A review of the machine learning techniques used for the prediction of the results of the matches
of team sports was proposed in the study by (Bunker and Susnjak, 2022). Different studies between
1996 and 2019 were analysed in this study. Feature selection and feature engineering were
analysed in this study. The results of the study showed that feature selection methods and the
feature set used for training machine learning models were important in ensuring that the
performances of the machine learning models are good in predicting the results of team sports.
The studies showed that machine learning techniques can be effectively used for the prediction of
the results of team sports. However, this study only performed an analysis of the literature and no

models for predicting the results of team sports was proposed in this study.

2.2 Football match prediction using machine learning

The tactics used in a football game were analysed using machine learning methods in the study by
(Herold et al., 2019). The attacking play was the focus of the study. In this study, the ability of
different machine learning models like neural networks, k-nearest neighbours (KNN) and logistic
regression(LR). The study was carried out by analysing different literature associated with the
analysis of data from football using machine learning. However, this study was only a survey of
the literature and no actual analysis of the data associated with football was done using machine

learning methods in this study.

Deep learning and Machine learning methods are utilised for the prediction of events in a football
match and the outcome of a football match in the study by(Herbinet, 2018). A number of different
deep learning and machine learning algorithms are considered in this study. The dataset used in
the study contained statistics associated with football matches and has been obtained from Kaggle.
An extra feature is created in this study for training the machine learning models. The parameters

of the deep learning and machine learning models are optimised using OpenMOLE parameter
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optimisation software. From the results of the study, it can be seen that the best performance in
predicting the probability of a shot becoming a goal is shown by the Gaussian Naive Bayes model
as it achieved an accuracy of 50.5%, the best accuracy in predicting the goals in the match that are
not caused by a shot is shown by the Random Forest(RF) as it achieves an accuracy of 51%, the
best accuracy in predicting the general outcome of the match is shown by the linear Support Vector
Classifier(SVC) as it achieved an accuracy of 51% and the best Mean Absolute Error(MAE) in
predicting the match score is shown by the RF model as it achieved a MAE of 0.975. However,

the data used in the study consisted of the data from only 2 seasons of 5 footballing leagues.

Machine learning is used for the prediction of the outcome of football matches in the study
by(Rodrigues and Pinto, 2022). The machine learning algorithms considered in the study are,
linear SVC, RF and KNN. The data associated with football matches like the venue, weather
conditions and team news are used in the study. The performance of the team and the home
advantage are considered important features that affect the result of a match in this study. The best
performance in this study is shown by the RF. The study also shows that machine models like
linear SVM are suitable for predicting the results of football matches. However, the issue of

overfitting is associated with the RF model.

The prediction of the results of English Premier League(EPL) matches are done using machine
learning algorithms in the study by(Choi, Lee Kien Foo and Chua, 2023). The machine learning
algorithms considered in the study are LR, linear SVC, RF and Extreme Gradient
Boosting(XgBoost). The data used in this study was collected from different online sources and it
contained the data associated with EPL matches that took place over 10 seasons. The best features
in the data are selected using the Boruta feature selection technique in the study. This study shows

that the data collected from a large number of football matches may be imbalanced when used for
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the prediction of the outcome of football matches. The data in the dataset used in the study is
balanced using both stratified sampling and balanced sampling. The model proposed in the study
performed both binary(win and loss) and multiclass(win, draw and loss) predictions. The best
performance in multi-class prediction is shown by the RF. Meanwhile, the best performance in
binary prediction is shown by the XGBoost model. This study showed the importance of feature
selection and data balancing. However, the performance of the machine learning model is not

improved using a technique like ensemble learning.

Football match outcomes are predicted using machine learning and deep learning algorithms in the
study by(Carloni et al., 2021). The machine learning algorithms considered in the study include
the LR, KNN, SVM, NB, RF and an ANN. The data used in the study is collected by web scraping.
The best features from the dataset are selected in the study and for performing the features with
the most importance feature importance, univariate selection and correlation matrix are used in the
study and the best 31 features from the dataset are identified. The results of the study show that
the best performance is shown by the ANN as it achieved an accuracy of 59%. However, the

accuracy achieved by the ANN model is relatively low.

Machine learning models are used for predicting the results of football matches in the study
by(Jawade et al,2021). The machine learning algorithms considered in the study include LR, RF,
linear SVC, KNN , RF and Multinomial Naive Bayes. The data used in the study is the data
collected from the 2017-18 EPL season. The study focused on the features like team form, goals
scored and conceded. The best performance in this study is shown by the KNN. This study shows
that the KNN is highly effective in building a model that can predict the outcome of football
matches. However, no technique that can improve the performance of the machine learning model

in prediction is not used in the study.
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The performances of different machine learning models are compared to find the best model that
can be used for the prediction of the outcome of football matches in the study by(Sj6berg,2023).
The machine learning algorithms considered in this study include RF, LR and NB. The data
associated with the team attributes, player attributes and match statistics are used in the study. For
the data associated with the player statistics, the data from the European Soccer database is used.
The data from Fifaindex.com is used for getting the data associated with team attributes and the
data associated with match statistics is obtained from DataHub.io. The predictions of the outcome
of the football matches are made by focusing on player attributes, match statistics and team
statistics. Based on the player attributes it is seen that the best performance in predicting the
outcome of the football match is shown by the RF, the best performance based on the match
statistics is also shown by the RF but based on the based on the team attributes the best performance
is shown by the LR. It is also seen in the study that the NB showed balanced performances for all
three types of attributes considered in the study. The best features from the respective datasets are
used in the study. However, the performances achieved by the machine learning models built in
the study vary based on the different kinds of attributes and no one model showcases the best

performance in all of the three scenarios containing the different attributes.

The results in the English premier league are predicted and modelled using machine learning
methods in the study by(Baboota and Kaur, 2019). Machine learning models like SVM, Gaussian
naive Bayes, gradient boosting and RF were used in the study. The data used in the study was the
data obtained from a public database based in UK and the data was collected between 2005 and
2016. Feature engineering was performed in this study to make meaningful features from the data.
The results of the study show that the best performance was shown by the gradient boosting model

as it achieved a ranked probability score (RPS) of 0.2156 for the game weeks between 6 and 38
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over two seasons. However, the data used in the study was outdated as the data collected between

2005 and 2016 was used in the study.

Machine learning techniques were used for analysing matches and player attributes in the study
by(Stubinger, Mangold and Knoll, 2019). An ensemble model was used in this study and the model
consisted of the RF, Boosting, SVM and LR. The data used in the study consisted of from matches
of the top five European football leagues collected between the years 2006 and 2018. The study
also performed backtesting and statistical arbitrage trading. The results of the study show that the
ensemble model achieves a good performance in predicting the results of the matches based on the
attributes of players. On considering the performances of the individual machine learning models
used in the study, the best performance was shown by the RF. However, the use of the ensemble

model may result in high computational expenses.

Machine classifiers like NB, KNN, RF, SVM and LR were used for predicting the results of
football matches in the study by (Usman Haruna et al., 2022). The data used in this study was the
data from two seasons of the English Premier League, which were 2012 to 2013 and 2011 to 2012.
The best features from the data were selected using the Sequential Forward Selection (SFS)
technique The results of the study showed that the best performance was shown by the KNN as it
achieved an accuracy of 83.95% in predicting the results of the matches. However, the data used

in the study was outdated.

The performances of football teams in the long run were predicted using machine learning methods
in the study by (Constantinou and Fenton, 2017). The method used for predicting the performances
in study was the dynamic Bayesian networks (DBNSs). The data used in the study was obtained
from various sources and from the seasons 2000-01 to 2014-15 of European football. The data

associated with features like managerial ability, squad instability, fatigue, stress, days with injury
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etc, were used in this study. The results of the study show that DBN model achieves an average
error value of 4.98 points per team per season. However, the DBN has issues in capturing the

relationship between random variables.

Deep learning models like Long Short-Term Memory (LSTM) and Recurrent Neural Networks
(RNNs) were used for the prediction of the results of football matches in the study by (Tiwari,
Sardar and Jain, 2020). The data used in this study was obtained from an online source and it was
the data generated in the seasons between 2010/11 and 2017/18 of the English Premier League.
New features that were not present in the dataset were created in this study like Home Team Goals
Scored(HTGS) and Away Team Goals Scored(ATGS). One hot encoding was performed in the
study to encode the label values. Hyperparameter tuning was done for different parameters of the
models used in the study. The results of the study show that the best performance was shown by
the LSTM as it achieved an accuracy of 80.75%. However, the study does not use techniques like
data balancing and feature selection which may have improved the performances of the deep

learning models considered in the study.

Machine learning algorithms like NB, Linear SVM, Artificial Neural Network(ANN), RF and LR
were used for the prediction of the results of football matches in the study by(Zaveri et al.,2018).
The data used in the study was the data generated from the five seasons of Spanish La Liga. The
data used in the study was pre-processed and feature selection was performed. Statistical
approaches were also used for the decision support systems in the study. The results of the study
show that the LR shows the best performance as it achieves an accuracy of 71.63%. However, the
data used in the study was outdated as the data generated between 2013 and 2018 was used in this

study.
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RF and SVM classifiers were used for the prediction of the results of the matches in the English
Premier League (EPL) in the study by (Yonus Saiedy, Hemmat Qachmas and Fagqiri, 2020). The
data used in the study was obtained from matches in the English Premier League between the
seasons 2013/14 and 2018/19. The data was obtained from different online sources. The feature
engineering and feature selection techniques were used to improve the quality of the dataset. The
results of the study show that the best performance was shown by the SVM as it achieved an

accuracy of 54.3%. However, the accuracy achieved by the SVM model in this study is low.

DT, NB and RF algorithms were used for the prediction of the results of football matches in the
study by(Stefano et al., 2020). The data used in the study contained different kinds of data
associated with football matches and their results. The data used here contained the results of
football matches including home losses, wins and draws from different football leagues. These
data were analysed to get an idea about the impact of factors like infrastructure and the size of the
country. The results of the study show that the best performance is shown by the DT as it achieved
a Ranked Probability Score(RPS) of 0.45 and an accuracy of 35%. The results of the study shows
that the DT can be used to predict the results of football matches based on the data associated with

football matches. However, the accuracy achieved by the DT model is relatively low.

Machine learning algorithms like ANN, RF, KNN, LogitBoost, Bayesian Networks and NB were
used for the prediction of the outcome of football matches in the study by(Hucaljuk and
Rakipovi¢,2011). The data utilised in this study was associated with 96 football matches from the
group stages of the champions league. The data contained 20 features associated with each team
and the features include the average of the goals received and scored, players who are injured,
rankings and outcomes of the previous meetings between teams. The results of the study show that

the best performance in the prediction of the results of football matches was shown by ANN trained
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by utilising the backpropagation algorithm and containing 5 layers that are hidden as it achieved
an accuracy of 68%. However, the deep learning model used in the study is computationally

expensive.

Machine learning algorithms like LR was used for the prediction of the outcomes of English
Premier League matches in the study by (Raju et al., 2020). The data used in the study was the
data generated from the English Premier League matches in the seasons 2018-2019 and 2014-2015
which is the historical records for a total of 1870 football matches. The features associated with
data were engineered, feature scaling was performed using min-max normalization and feature
selection was performed using the Chi-Square feature selection technique. The results of the study
shows that the LR model achieves an accuracy of 77.43% for binary class predictions and 70.27%
for multi-class predictions. The study shows that the Chi-square feature selection method can be
used effectively for selecting the best features from the dataset. However, the LR model assumes

linearity between different features and this may lead to incorrect predictions by the model.

SVM was used with a Gaussian combination kernel for predicting the results of football matches
in the study by(lgiri,2015). The data utilised in this study contained the data associated with the
results of 16 matches in the English Premier League season from the 2014-2015 season. The data
focused on the performances of the managers and the players. The data was pre-processed and the
string to numerical transformations were performed on the data. The parameters of the SVM were
optimised by adjusting the SVM complexity constant and kernel sigma values. The results of the
study showed that the model utilised in the study achieved an accuracy of 53.3% with the model
predicting eight out of the fifteen matches. However, the time taken for training was very high for

the SVM model.
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RF, NB, LR and voting classifiers between the NB and RF were used for the prediction of
outcomes of football matches in the study by(Vaidya, Sanghavi, Gevaria, 2016). The data used in
the study was collected between the seasons 2004-05 and 2014-15. The data contained features
like shot ratio, goals conceded and scored, and form. The results of the study showed that the
voting classifier achieved an accuracy of 47.11%. The accuracies achieved by the other machine
learning models were between the range of 47 to 50% and these models had a mean absolute error
of 0.37. The study shows that the voting classifier can be used to predict the outcome of football

matches. However, the data used in the study was outdated.

2.3 Research gap

From the literature review, it is observed that the machine learning models are effective in the
prediction of the outcome of football matches. The studies show that the data collected from a
particular season of a club footballing competition can be used for training the machine learning
models. The study shows that a class imbalance may be associated with the data from football and
a data balancing technique has to be applied to solve the class imbalance. The importance of feature
selection in the studies. However, none of the studies used ensemble models that show a better

prediction performance than individual machine learning models.

In the study proposed here machine learning models are used for the prediction of the outcome of
football matches. The performances of the machine learning models are improved using data
balancing and feature selection. The final prediction result is obtained from an ensemble model
that produces a result based on the predictions by the different machine learning models used in
the study. Most of the studies used outdated data and, in the study, proposed here the latest data

generated from football matches between the years 2021 and 2022 is used. The study proposed
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here finds out if the ensemble models are effective in predicting the outcome of football matches.

The study also helps in determining the best features in the dataset used in the study.
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Chapter 3
Methodology

3.1 Dataset

The datasets used in the study were publicly available and free. It contained the data associated
with different football matches in the English Premier League. The data associated with the
football matches in the year 2021 and the year 2022 were obtained as separate CSV files (football-
data.co.uk,2024). The different features associated with the data of the football matches were given
as columns and the different matches between the teams were given as rows. The column ‘FTR’
represented Full Time Result which means that this column specifies who won the football match.
The aim of the study performed here was to predict if an away team would win, draw or lose the
match. So the column ‘FTR’ was used as the label of the data which can be used for prediction.
The data in the columns were the letters ‘H’, ‘A’ and ‘D’. The letter ‘H’ represented a win for the
home team, the letter ‘A’ represented a win for the away team and the letter ‘D’ represented a
draw. However, the values in the column ‘FTR” are alphabets and these cannot be used to train

machine learning models.

The data in the two different datasets was combined into a single CSV file and this final dataset

was used to train the machine learning model.

3.2 Chi square algorithm

The Chi-square algorithm helps in determining the relevance of each features in the dataset. The
Chi-squared test statistic is used in this algorithm to find the feature scores associated with the
different features in the dataset. The feature score represents the relation between the target
variable in the data and the different features in the data(Spencer et al,2020). A high feature score
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shows that the target variable is highly dependent on a particular feature. The main reason for
choosing the Chi-square method for determining the best features in this study was the ease of
computation of the Chi-square statistic compared to the other methods that are used for
determining the most relevant features from the data(McHugh, 2013). From the study of the

literature, it was seen that the Chi-square is effective in selecting the best features from the dataset.

3.3 Synthetic Minority Oversampling Technique(SMOTE)

In SMOTE, rather than simply replicating data, it oversamples the minority class by generating
artificial instances in the feature space constructed by the instance and its nearest neighbours. This
method effectively circumvents the issue of overfitting (Gong and Gu, 2016). The fundamental
concept of SMOTE is to create additional data samples in the minority class by interpolating
between instances of this class that are closely located to each other. SMOTE enhances the count
of instances in the minority class within an unbalanced dataset, thereby improving the classifier’s
ability to generalize effectively(Joloudari et al., 2023). If data balancing is done using SMOTE
then the relevant information in the data is retained as oversampling is done by SMOTE to solve
the class imbalance. In other techniques used for solving class imbalance like undersampling
where the data associated with the class in majority is reduced, here there is a risk of important
data being lost. However, in over sampling new data samples are created and no data is lost. So

using the SMOTE helps in retaining the relevant data and solving class imbalance.

3.4 Decision Tree(DT)

DT is a progressive model that effectively and seamlessly integrates a sequence of fundamental
tests, where each test involves comparing a numerical attribute to a benchmark value(Bahzad and

Adnan,2021). A DT architecture consists of leaf nodes, branches and a root node. A root node, as
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its name implies, is the highest node in a Tree and serves as the parent to all other nodes(Patel and
Prajapati, 2018). A DT is a structure(figure(2)) where each node represents a characteristic
(attribute), each connection (branch) represents a choice (rule), and each terminal point (leaf)
represents a result (either categorical or continuous value) (Patel and Prajapati, 2018). The DT is
chosen for this study because of its advantages like the ease with which data can be prepared
utilising the DT, the non-linear relationships between the features in the data do not affect the

performance of the DT (Kotu and Deshpande, 2019).

|

Decision Mode k- Decision Node
i Tree
I 2 A —
¢ LeafHode Leaf Mode Cecision Mogs Leaf Mode
v v
Laaf Hode _cif Mo

FIGURE (2): STRUCTURE OF THE DT(BAHZAD AND ADNAN,2021)

3.5 Random Forest(RF)

Random Forest(RF) combines multiple DTs to perform predictions. It consists of two steps which
are building DTs that are individual and aggregation of predictions(S. A. A and H. F, 2023). Every
node in the RF is separated using the best from the subsets that chosen randomly at the
node(Huynh-Cam, Chen and Le, 2021). Every tree within the Random Forest is constructed using

a bootstrap sample, which is randomly selected from the dataset. The construction process utilizes
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the Classification and Regression Tree (CART) technique, and the Decrease Gini Impurity (DGI)
is used as the standard for splitting(Couronné, Probst and Boulesteix, 2018). During the
construction of each tree, at every division, only a specific quantity of randomly chosen attributes
are evaluated as potential splitting candidates. The main reasons for choosing the RF algorithm for
this study is that it can be understood easily. RF is flexible and it is able to rank the predictors that

are the most significant(Loef et al., 2022).

3.6 Gradient Boosting

Gradient Boosting classifiers that utilize DT’s for building the classifiers. The Gradient Boosting
Classifiers employ a repetitive process where they enhance the overall performance accuracy by
incorporating additional models to rectify the shortcomings of previous models (Bui et al., 2021).
Gradient Boosting is a type of AdaBoost classifier. The Gradient Boosting classifiers usually
utilize the DT as a weak learner. The Gradient Boosting utilizes the additive model strategy, along
with the loss function and a weak learner (Md. Johir Raihan and Abdullah-Al Nahid, 2023). Within
the additive model, Gradient Boosting constructs DTs in a manner that is iterative, either in stages
or in an order that is sequential. Gradient Boosting utilizes a boosting method where the new
model is educated using the residual errors from previous predictions. Gradient Boosting was used

in this study because it boosts the performance of the model utilized for classification in the study.

3.7 Ensemble model

The ensemble model is a combination of several machine learning algorithms. Constructing an
ensemble model, within this broad structure, involves determining the method for training the
foundational classifiers and an appropriate procedure for combining the results of these

foundational classifiers (Mohammed and Kora, 2021). In the ensemble model the predictions of
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the different machine learning models that make up the ensemble model are analyzed. A voting
based technique is performed to determine the classification which has occurred the most or has
been done by the machine learning models in the ensemble model. The prediction which is the
most in number or has received the most votes is produced as the result of the ensemble model.
The ensemble models parallelize the training process and help in making the classification more

accurate(Mohammed and Kora, 2021).

3.8 Performance metrics

The performance metrics of the ensemble model are determined to assess the performance of the
model. The performance metrics that were found for the model proposed in the study are precision,
accuracy, recall and Fl-score. A True Positive(TP) classification is the classification by the
football match result prediction model in which the model predicts that the home team in a football
match will win, and they actually do win. A True Negative(TN) classification occurs when the
model predicts that the home team will not win(ie., they either lose or draw) and the home team
actually does not win. A False Positive(FP) classification is a kind of classification in which the
model predicts that the home team wins but they actually do not win. A False Negative(FN)
classification is the kind of classification in which the model predicts that the home team will not

win but the home team actually wins.
Accuracy

Accuracy is defined as the ratio of the number of classifications that are accurate to the total
number of classifications made by the ensemble model. It is the ratio of the sum of TP and TN to

the sum of TP, TN, FP and FN.

Precision
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Precision is defined as the ratio of the number of TP classifications to the sum of TP and FP
classifications. Precision defines the quality associated with the positive predictions of the

ensemble model built here.
Recall

Recall is the ratio of the TP classifications to the sum of TP and FN classifications. Recall is a

measure of how the TP instances are computed from all the actual positive samples.
F1-score

F1-score is defined as the harmonic mean of precision and recall.

3.9 Ethical considerations

The study involved the building of a model that predicts the outcome of a football match based on
the result achieved by the home team. The data used in the study was freely and publicly available.
It contained only data associated with football matches does not contain any sensitive details like
the personal information of people. No human subjects were a part of this study. This study does
not bias against or favor any of the football teams that are considered in the dataset. The football
teams are not discriminated based on financial status. This study does not encourage activities like
sports betting in areas where it is illegal. The study does not slander any football club based on
their poor results and this study is only aimed at developing a model that predicts the outcomes of

football matches.
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Chapter 4
Implementation

4.1 Tools

The model proposed in the study was built using Python. The code for developing the model was
written in Visual Studio(VS) code. A PC that had 8 GB RAM and an i7 Intel processor was used
for the development of the model. The libraries in Python were used for the implementation of

machine learning models and the desktop application.

4.2 Combining the datasets

The two datasets were downloaded as two CSV files. The two datasets were then combined. For
this, the data from the two CSV files were read. Then the data in the two datasets were concatenated
into a single CSV file. The missing values in the dataset or the NaN values in the dataset were
replaced with empty spaces(‘ ‘). As a new dataset was created using the data in the two CSV files,
the index of the newly created dataset was reset. The existing indices in the two datasets were not
considered in the newly created dataset. The index was reset for the newly created dataset because
the previous datasets may have indices that are duplicated or non-sequential. The index of the new
dataset now starts from 0 and is incremented sequentially. The newly created dataset is given in

figure(3).
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4.3 Pre-processing the dataset

FTH

R =

G

WLl = U

PCAHA

2.
ri
.14
.81
.88

1
2
1
1

13

.B1
.18

.86
.93
.87

T e R

FTAG FTR HTHG \

e

(S~

B e @

MaxCAHH
.85
.19
.82
.16
.28

0 I I = I -

(S S T SR S

H

I T = I

.17
.5e
.98
.87
.96

[N~ I

1

@ M

Dublin
Business
School

The columns in the newly created dataset were loaded into a dataframe and these columns were

reordered. The column ‘FTR’ is the class in the dataset, so this column was moved to the end of

the dataframe. After reordering the columns the dataframe was saved. Then the columns that had

null values in the dataset were found. These columns were then removed from the dataframe. The

columns ‘Date’, ‘Div’, ‘Time’, ‘AHCh’ and ‘Ahh’ were removed from the dataframe. All the

missing values in the dataset were then filled with an empty string(‘’). Now all the columns in the

dataset contained string values, this operation was done to make sure that all the columns in the

dataframe contained string values.
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It was important to make sure that all the columns in the dataframe contained string values as the

label encoding was the operation that was performed next. Label encoding was performed

categorical or string values in the dataset were converted to numerical values. This process was

done because the machine learning models learned better with numerical values than string values

(Uddin, Ong and Lu, 2022). So the data in all the columns except the class or column ‘FTR’ were

converted to numerical values. The label encoding was carried out using the method

‘LabelEncoder()’ imported from the Python library ‘sklearn.preprocessing’.

The data in the

column ‘FTR’ was not converted to numerical values because an ensemble model with the voting

classifier andstring values can be used as during voting for finding the prediction that was repeated

the most. Comparing figures (3) and (4) it can be seen that the data in the dataset were converted

to numerical values.
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4.4 Feature Selection

The best features or the most important features from the data were then selected. The best features
were selected by utilising the Chi-square feature selection algorithm. Feature selection helped in
selecting the best features from the dataset, this helped in reducing the training time of the machine
learning model. The learning performance of the machine learning model is also enhanced when

feature selection is performed (Miao and Niu, 2016).

The columns that contained NaN values were removed from the dataset. The column that contained
the values of the different classes the column ‘FTR’ was not needed for feature selection, so all
the other columns or the features in the dataframe were selected. Only the features were considered
for feature selection. The ‘k’ value for the Chi-square method was set as 20 which meant that the
best 20 features from the dataframe were selected. For performing Chi-square feature selection,
the method ‘SelectKBest()’ was loaded from the library ‘sklearn.feature selection’. The method
‘SelectKBest()’ has two parameters: ‘k’ and ‘score_func’. The parameter ‘k’ was set as 20 as the
top 20 features had to be determined and ‘score_func’ was set as ‘chi2’ which represented the Chi-
square algorithm. ‘chi2’ was imported from the library ‘sklearn.feature selection’. The Ch-square
feature selection was successfully implemented and the best 20 features in the dataframe were
successfully determined. The best 20 features in the dataframe are shown in figure(5).

Selected features: Index(['FTHG', 'FTAG', 'B365A", 'BWA', 'IWA', 'PSA', 'WHA', 'VCA', 'MaxA’,
‘AvgA', 'P¢2.5", 'BWCA", "IWCH', "IWCA', "PSCA’, 'WHCA', "VCCA',

'MaxCA’, 'AvgCA', 'PC2.5'],
dtype="object")

FIGURE (5): THE BEST 20 FEATURES
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A new dataframe was then created with only the best 20 features and the data associated with best
20 features from the dataset. The class column or ‘FTR’ was also added to the new datafarme, so
the new dataframe contained the best 20 features from the dataset and the ‘FTR’ column which

was the class.

4.5 Data balancing

The data in the column ‘FTR’ in the new dataframe was then analysed and it was found that the
number of rows or data samples associated with the class ‘H’ was 347, the number of data samples
associated with ‘A’ was 238 and the number of data samples associated with ‘D’ was 175 which
meant that the number of data samples associated with the classes ‘A’ and ‘D’ were much lesser
than the number of data samples associated with the class ‘H’. This means that the data is
imbalanced and if this data is used for training the machine learning model the predictions by the
model will be biased in favour of the class in majority ie., ‘H’. So data balancing was carried out
using SMOTE. SMOTE was implemented using the method ‘SMOTE()’ which was imported from
the library ‘imblearn.over sampling’. The ‘SMOTE()’ method had the parameter ‘random_state’
and the value of this parameter was set as the numerical value 42. The data was successfully
balanced using SMOTE. After performing data balancing utilising SMOTE the number of data
samples associated with ‘H’ was 347, the number of data samples associated with ‘A’ was 347 and
the number of data samples associated with ‘D’ was also 347. This shows that synthetic samples
were created for the classes in majority and the number of samples for every class was made equal

and the class imbalance in the dataset was solved.
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4.6 Model training

The RF, DT and Gradient Boosting classifier models were then trained using the data in the
dataframe which was obtained after data balancing. The RF model was implemented using the
method ‘RandomForestClassifier()’, the DT model was implemented using the method
‘DecisionTreeClassifier()’ and the Gradient Boosting model was implemented using the method
‘GradientBoostingClassifier()’. The methods ‘RandomForestClassifier()’ and
‘GradientBoostingClassifier()” were imported from the library ‘sklearn.ensemble’. The method
‘DecisionTreeClassifier()’ was imported from the library ‘sklearn.tree’. The data in the dataframe
was separated into a training set and testing set. The training set was utilised for training the model
and the testing set was used for testing the performance of the model. The testing set contained
20% of the data in the dataframe and the training set contained 80% of the data in the dataframe.
Then using the DT, RF and Gradient Boosting models implemented here, an ensemble model was
built by combining the three classifier models. The ensemble model was implemented as a voting
classifier. The voting classifier was implemented using the method ‘VotingClassifier()” which was

imported from the library ‘sklearn.ensemble’.

The parameters used for the method ‘VotingClassifier()’ were ‘estimators’ and ‘voting’. The
parameter ‘estimators’ defined the machine learning classifiers that are part of the ensemble model
and the RF, DT and Gradient Boosting classifiers were initialised to this parameter. The parameter
‘voting’ was given the value ‘hard’ as the majority rule voting was utilised in this model. The

ensemble model was the complied successfully and saved.
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Chapter 5
Results

The performance metrics of the ensemble model were determined and the ensemble model that
predicted the outcome of a football match for the home team was implemented as a desktop

application.

5.1 Performance Metrics

Accuracy

The accuracy of the ensemble model was determined using the method ‘accuracy score()’
imported from the library ‘sklearn.metrics’. The data associated with the features and the data
associated with the class from the testing set were passed as the parameters of the
‘accuracy_score()’ method and it was found that the ensemble model built here achieved an

accuracy of 99.5%.

Precision

The precision of the ensemble model was determined using the method ‘precision_score()’
imported from the library ‘sklearn.metrics’. The data associated with the features and the data
associated with the class from the testing set were passed as the parameters of the
‘precision_score()’ method and it was found that the ensemble model built here achieved a

precision of 99.5%.
Recall

The recall of the ensemble model was determined using the method ‘recall_score()’ imported from

the library ‘sklearn.metrics’. The data associated with the features and the data associated with the
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class from the testing set were passed as the parameters of the ‘recall score()’ method and it was

found that the ensemble model built here achieved a recall of 99.5%.
F1-score

The fl-score of the ensemble model was determined using the method ‘f1-score score()’” imported
from the library ‘sklearn.metrics’. The data associated with the features and the data associated
with the class from the testing set were passed as the parameters of the ‘recall score()’ method

and it was found that the ensemble model built here achieved a recall of 99.5%.

5.2 Desktop application

The football match outcome prediction model was implemented as a desktop application. The
desktop application was implemented using the different methods from the ‘Tkinter’ library in
Python which was utilised for building the desktop application. The desktop application had only
a single interface and this was where the prediction of the outcome of the football match was done.
The interface for prediction was displayed when the desktop application built here was run. The
interface contained a label with the text ‘Features’ and next to this label was an input field and this
was where the features were given as input. The interface contains a black area below a label with
the text ‘Activity log’. The interface contained a button with the text ‘Predict’(Figure(6)). The
button was programmed in a way that when the feature values were given as the input and the
button was clicked the trained ensemble model was loaded along with the saved label encoder and
feature selector. The best feature after label encoding and feature selection were passed into the
loaded ensemble model and the model predicted the result based on voting. The result was shown

as text in a pop-up window in the same interface. The pop-up window displayed the name of the
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team that won the match along with the name of the team that lost the match or if the result will

be a draw(Appendix A).

i _ %

Activity Log

FIGURE (6): THE INTERFACE OF THE DESKTOP APPLICATION
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Chapter 6
Discussion and Evaluation

6.1 Discussion

The aim of the study was to build a model that was able to predict the outcome of football matches

based on the results of the home team. An ensemble model was successfully built to perform the

prediction and the model was implemented as a desktop application. Python was used to implement

the model and the desktop application. The model showed a good performance in predicting the

outcome of the football matches. The objectives of the study were achieved successfully. The

objectives are:

Find a dataset containing the data associated with football matches.

Two datasets were obtained from an online source and were combined to create a dataset
that was used for training the ensemble model.

Handle the missing values and the unwanted elements in the data.

The missing value and unwanted values were removed from the dataset.

Use the Chi Square algorithm to select the best features from the dataset.

The Chi Square algorithm was successfully implemented and the best 20 features from the
data were found.

Solve the class imbalance in the data using the Synthetic Minority Oversampling
Technique (SMOTE).

The SMOTE was successfully implemented and the class imbalance in the dataset was

solved successfully.
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e Build an ensemble model that contains the Random Forest(RF), Gradient Boosting and K
Nearest Neighbour(KNN).

- The ensemble model was built successfully by combining the RF, KNN and DT models.

e Test the performance of the ensemble machine learning model in predicting the outcome
of a football match.

- The performance of the ensemble model was assessed by determining the performance
metrics of the ensemble model.

e Implement the model as a desktop application that receives data associated with football
teams and matches as input and generates an output if the away team wins, loses or draws.

- The trained ensemble model was successfully implemented as a desktop application and
the desktop application displayed if the home team wins, loses or draws based on the input

given to it.

From the existing literature studied it was seen that only some of the studies specified accuracy in
their literature, so the performance of the model built here was compared with the existing models

that predicted the results of football matches by utilising machine learning.

The study Accuracy(in %)
Carloni et al., (2021) 59%

Usman Haruna et al., (2022) 83.95%

Tiwari, Sardar and Jain, (2020) 80.75%

Zaveri et al.,(2018) 71.63%

Yonus Saiedy, Hemmat Qachmas and 54.3%
Faqiri, (2020)

Herbinet, (2018) 51%
Stefano et al.(2020) 35%
Hucaljuk and Rakipovi¢(2011) 68%
Raju et al.,(2020) 70.27%
Igiri(2015) 53.3%
Vaidya, Sanghavi, Gevaria,(2016) 47.11%
The model proposed here 99.5%
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TABLE (1): COMPARISON OF THE PERFORMANCE OF THE FOOTBALL MATCH RESULTS PREDICTION MODELS

From table(1) it can be seen that the accuracy achieved by the ensemble model built here was
greater than the accuracies of all of the existing football match prediction models considered here.
However, a direct comparison could not be made with any of the existing studies considered here
as the existing studies did not use an ensemble model, except for the study by Vaidya, Sanghavi,
Gevaria,(2016) that used the voting classifier. The study by Carloni et al., (2021) used the ANN,
Usman Haruna et al., (2022) used the KNN, Tiwari, Sardar and Jain(2020) used the LSTM, Zaveri
et al.(2018) used the LR, Yonus Saiedy, Hemmat Qachmas and Faqiri(2020) used the SVM,
Herbinet(2018) used the SVC, Hucaljuk and Rakipovi¢(2011) used the ANN, Raju et al., (2020)
used the LR, Igiri(2015) used the SVM, Vaidya, Sanghavi, Gevaria, (2016) used voting and
Stefano et al.(2020) used the DT. It can be seen that the accuracy achieved by the ensemble model
was greater than the accuracies achieved by the deep learning models like LSTM and ANN. The
voting classifier was used in the study by Vaidya, Sanghavi, Gevaria,(2016) but the accuracy
achieved by the model was very low it may be due to the difference in the machine learning models
considered for voting and the feature selection and data balancing technique not being used in the
study by Vaidya, Sanghavi, Gevaria,(2016). The use of methods like feature selection and data
balancing may also have led to the performance of the model built here being greater than the

performance of the existing models that perform football match result prediction.

6.2 Evaluation

The building of the ensemble model was time consuming and relatively hard as the familiarity

with implementing the ensemble model was less. The designing and programming of the desktop
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application were also relatively hard. All the other methods that were a part of the study were

implemented relatively easily.

The model built here was able to successfully predict the outcome of football matches but the study
had some limitations. The study used data that was relatively new but considered only the data
produced in two years. Data generated from a larger period could have been considered for the
study. The study only considered the data from the English Premier League, the data from different

leagues from different countries could have been used in the study.
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Chapter 7
Conclusion and future enhancements

The study was done to build a model that was able to predict if the home team in a football match
wins, loses or draws. The study was successful in building a model that predicted if the home team
in a football match wins, loses or draws. The model proposed in the study was an ensemble model
that contained machine learning models like DT, RF and Gradient Boosting. The data used in the
study was the data associated with football matches obtained from an online source. The data was
pre-processed, label encoded and the best 20 features in the data were determined. The class
imbalance in the dataset was successfully solved using SMOTE. The ensemble model performed
prediction based on voting in which the predictions by the RF, DT and Gradient Boosting models
were considered for voting. The model that predicted the results of the football match was
successfully built and its performance was assessed by determining its performance metrics. It was
seen that the model built here achieved a value of 99.5% for the accuracy, precision, recall and f1-
score. The ensemble model was successfully implemented as a desktop application and the desktop
application successfully predicted the outcome of the football matches. The main aim of the study
was successfully achieved and the research questions of the study performed here were also

successfully answered, the questions were:

e Will the ensemble model proposed here be able to predict the outcome of football matches?
- The ensemble model built in the study was able to successfully predict the results of
football matches.

e Which are the best features associated with the data in the dataset?
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- The best 20 features from the dataset were found using the Chi-square feature selection

algorithm.

The model that predicted the results of football matches and the desktop application was built

using Python.

In the future, the data produced in a longer timeframe can be used to improve the study. In the
study performed here currently the voting based method is used for prediction in the ensemble
model. In future studies, other kinds of techniques for prediction can be implemented in the

ensemble model for prediction.
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Appendix A

Predicted Output of the result:
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Preprocessing Steps:

Input data: E0,14/08/2021,15:00,0.25,0.25 Burnl
ey,Brighton,1,2,1,0,H,D Coote,14,14,3,8,10,7,7,6,
,1.81,2.14,1.82,2.19,1.79,2.12 ERFAKXERERFETERER FXER LRT LY LEEE

12,2.51,3.2,3.0,2.45,3.13,3.1,2.45,3.33,3.2,2.6,3.1
9,3.09,2.49,2 5,1.53,2.56,1.56,2.56,1.63,2.46,1.57,
1.8,2.14,1.83,2.12,1.83,2.17,1.79,2.12,3.1,3.1,2.45,
3.25,3.1,2.4,3.1,3.05,2.45,3.27,3.14,2.51,3.1,3.0,2.
453.13,3.13,2.5,3.35,3.2,2.56,3.19,3.1,2.48,2.3,1.6
7 Resst 1,2.33,1.67,2.42,1.71,2.34,1.62,1.79,2.15,1.81,2.14

,1.82,2.19,1.79,2.12
o Erighton Fails | Burnley Wins
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