ABSTRACT

The primary aim of this thesis is to model and predict student academic performance using
machine learning techniques. The focus is on 'G_avg', a composite measure derived from the
average of three periodic academic grades (G1, G2, G3), providing a holistic view of a
student's performance over time. The research aims to uncover patterns and factors
significantly affecting academic success by predicting 'G_avg'. The insights gained from this
study aim to inform educators and policymakers in developing strategies to enhance student
performance and identify students who may need additional support. The thesis also aims to
compare various machine learning algorithms to determine the most effective approach for

such predictive analysis in an educational context.

As time progresses and machine learning algorithms and technological proficiency continue
to advance, our analytical capabilities have become more refined, enabling us to develop
deeper insights into complex datasets. With over twenty years of experience in teaching
mathematics in private and international schools, my inclination towards education has
inevitably evolved to overlap with these technological advancements. | believe the analytical
prowess of machine learning algorithms can provide a more comprehensive understanding of

student data, thereby illuminating their academic achievements in greater detail.

The dataset used in this research was obtained from Kaggle, a well-established online
platform providing authentic datasets for a wide range of analytical endeavors. Despite being
sourced from a school in Portugal, its inclusion of universal aspects of education makes it
meaningful and beneficial for this study. Its extensive features provided a robust foundation

for thorough analysis.

The dataset's evaluations consisted of three different exam results (G1, G2, and G3), with the

final exam (target value) determined as G3. Contrary to the expected cumulative structure of
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G3, it is designed to function as an independent assessment, similar to G1 and G2. This
observation led to the development of a new feature, 'G_avg', calculated as the arithmetic
mean of these three grades, to provide a more comprehensive target variable for the analysis.
A range of regression models, including Ridge Regression, Lasso Regression, Elastic Net,
and Logistic Regression, were incorporated into my methodology. These models were
selected based on their ability to effectively capture the complex, non-linear relationships in
the data. In the classification part, three success categories were applied to 'G_avg"
'Unsatisfactory’, 'Satisfactory', and 'Successful'. In this context, various classification models
were applied. The chosen algorithms are widely recognized for their high efficiency and
accuracy in classification tasks: Logistic Regression, Decision Trees, Random Forest, Support
Vector Machines (SVM), Gradient Boosting, and Neural Networks (MLP Classifier).

The purpose of this research is to provide predictive understandings that can guide educators,

thereby enhancing students' educational experiences.
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OZET

Bu tezin temel amaci, makine ogrenmesi tekniklerini kullanarak ogrenci akademik
performansini modellemek ve tahmin etmektir. Odak noktasi, égrencinin zaman igindeki
performansina iliskin bitlnsel bir gérinim saglayan, ¢ periyodik akademik notun (G1, G2,
G3) ortalamasindan turetilen bilesik bir 6lgim olan ' G_avg ' degiskenidir. Arastirma, ' G_avg
' tahminini yaparak akademik basariyi 6nemli 6lgiide etkileyen kaliplari ve faktorleri ortaya
cikarmay! amaghyor. Bu calismadan elde edilen bilgiler, egitimcileri ve politika yapicilari
ogrenci performansini artirmaya ve ek destege ihtiyag duyabilecek 6grencileri belirlemeye
yonelik stratejiler gelistirme konusunda bilgilendirmeyi amaclamaktadir. Ayrica tez, egitim
baglaminda bu tir tahmine dayali analiz igin en etkili yaklagsimi belirlemek amaciyla cesitli

makine 6grenimi algoritmalarini karsilastirmayi amaglamaktadir.

Zaman ilerledikge ve makine 6drenimi algoritmalari ve teknolojik beceri gelismeye devam
ettikce, analitik kapasitelerimiz daha da gelisti ve karmasik veri kiimelerine iligkin derin
icgoriler gelistirmemizi sagladi. Ozel ve uluslararasi okullarda matematik egitimi verme
konusunda yirmi yildan fazla deneyime sahip biri olarak, egitime olan egilimim kaginiimaz ola-
rak bu teknolojik ilerlemelerle ortisecek sekilde gelisti. Makine &grenimi algoritmalarinin
analitik yeteneklerinin, 6grenci verilerinin daha kapsamli anlasiimasini saglayabilecegine ve

bdylece akademik basarilarini daha ayrintili bir sekilde aydinlatabilecedine dustniyorum.

Bu arastirmada kullanilan veri seti, ¢cok c¢esitli analitik gabalar i¢in 6zgun veri setleri saglayan
koklu bir gevrimici platform olan Kaggle'dan alindi. Veriler Portekiz'deki bir okuldan alinmig
olmasina ragmen, egitimin evrensel ydnlerini binyesinde barindirmasi nedeniyle bu ¢alisma
icin anlamli ve faydalidir. Sahip oldugu detayli 6znitelikler kapsamli bir inceleme igin guglu bir

temel olusturdu.



Bu veri setindeki degerlendirmeler Gg farkh sinav sonucundan (G1, G2 ve G3) olusuyordu ve
sonug degeri (target value) G3 olarak belirlenmisti. G3 ise beklenen kimdlatif yapisinin
aksine, yapisi G1 ve G2'ninkine benzeyen ve bagimsiz bir degerlendirme islevini gérecek
sekilde tasarlanmisti. Bu gbézlem, analize daha kapsamh bir hedef degisken saglamak
amaciyla bu Ug¢ notun aritmetik ortalamasi olarak hesaplanan 'G_avg' adli yeni bir 6zniteligin

geligtiriimesine yol acti.

Ridge Regresyonu, Lasso Regresyonu, Elastik Net ve Lojistik regresyon gibi bir dizi regresyon
modeli metodolojime dahil edildi. Bu modellerin segimi, verilerde mevcut olan karmasik,

dogrusal olmayan iligkileri daha etkili bir sekilde yakalama yeteneklerine dayaniyordu.

Siniflandirma kisminda ise 'G_avg'e U¢ basar kategorisi uygulandi: 'Yetersiz', "Tatmin Edici'
ve 'Basarili'. Bu baglamda gesitli siniflandirma modelleri uygulandi. Segilen algoritmalar,
siniflandirma gorevlerindeki yuksek verimlilikleri ve dogruluklariyla genis c¢apta bilinen
algoritmalardir; Lojistik Regresyon, Karar Adaglari, Rassal Orman, Destek Vektdr Makineleri

(SVM), Gradyan Arttirma ve Sinir Aglari (MLP Siniflandirici).

Bu arastirmanin amaci, egitimcilere rehberlik edebilecek, dolayisiyla 6grencilerin egitim

deneyimlerini gelistirebilecek 6ngo6rill anlayiglar sunmaktir.
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