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Abstract

Education is the backbone for the development and suc-
cess of every countrys economy and industry. It is important
to extract the hidden knowledge from the educational data.
The knowledge extracted from these educational data helps
to improve the training methods and the learning process
which in turn enhances the performance of the students and
the overall educational outcomes. In this paper, we propose
a new students performance prediction model using features
associated with students behaviour. These type of features
are based on the learners interaction with e-learning man-
agement system. The performance of students predictive
model is evaluated by set of classifiers, namely; Support
Vector Machine, Logistic Regression and Random Forest
and have found that Majority Voting ensemble method help
us to arrive at a better performance accuracy.

Key Words:Educational Data Mining (EDM), Logis-
tic Regression, Majority Voting Ensemble, Random Forest,
Support Vector Machine (SVM).
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1 INTRODUCTION

Due to the widespread increase in the development of online learn-
ing courses or web-based education a large amount of educational
data is being generated. The main challenge lies in transforming
these educational data into useful knowledge. By making use of
data mining techniques like clustering and classification, these prob-
lems can be addressed. Educational Data Mining (EDM) refers to
the techniques or methods used to extract significant information
from large quantities of educational data. EDM is used in a va-
riety of fields like predicting the performance of the students and
identifying the students at-risk, raising the graduation rates in uni-
versities, assessing the performance of the educational institutions
and comparing it with the performance of other institutions to find
its strength and weaknesses, maximizing campus resources, and an-
alyzing the students performance based on their demographic and
interactive behaviors [8].

Different classification methods have been used for predicting
students performance, such as Decision Tree, Rule Induction, Nave
Bayes and function-based (e.g., Neural Network, Logistic regres-
sion, Support Vector Machine).This study compares different clas-
sification algorithms for predicting students performance and ma-
jority voting ensemble method is used to improve the performance
by combining the prediction of different classifiers.
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Fig.1. Majority Voting Model

This paper is organized into 5 sections. Section 1 contains
the introduction to Educational Data Mining (EDM). The related
works done in EDM is discussed in section 2. Section 3 presents
the methodology and the various machine learning algorithms used
in the proposed work. Section 4 contains the experimental results
and in section 5 it is concluded.

2 RELATED WORK

S. Agarwal, et al.[3] has found that the performance of the students
in the test and qualifying examination are the key factors that af-
fects their placement. In this research work, a comparative study
was done on the performance of the different kernel types of the
Support Vector Machine algorithm and it was found that the Ra-
dial Basis Kernel achieved a higher accuracy than the polynomial,
sigmoid and the linear kernel.

Pandey & Sharma, [4] has developed a classification model for
predicting the grades of the undergraduate students using different
classification algorithms like NB tree, J48 and Reptree. In this
research paper, it was found that J48 achieves a higher accuracy
when compared to the other classification techniques.
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M.S. Mythili , et al. [5] has suggested some of the possible fac-
tors affecting the performance of students in exams like attendance,
parent education, etc. In this paper, the performance of Random
forest, J48, IBI and decision table algorithms are compared. The
results obtained prove that Random forest algorithm is more ac-
curate and the time taken to develop the model is very less when
compared to the other classifiers.

L.Pandeeswari, et al. [6] has proposed a comparative study
on the performance of the nave Bayes algorithm with an integrated
model by combining the k-means clustering algorithm with the nave
Bayes classification technique. It was found that the integrated
model performs better with a dataset having missing values.

Elaf Abu Amrieh, et al.[7] has predicted the performance of the
students based on their behavioral features like discussion groups
visited resources, raised hand and viewing announcements using
classification techniques like ANN, Nave Bayes and Decision tree
JIn this research work ensemble methods like Boosting, bagging
and random forest are used for improving the performance of these
classifiers.

3 METHODOLOGY

The steps involved in the methodology are graphically represented
below in fig.2.
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In this paper, we use a Majority voting based ensemble method for
predicting the students performance. Ensemble method is a learn-
ing approach that combines multiple models to solve a problem. In
contrast to traditional learning approaches which train data by one
learning model, ensemble methods try to train data using a set of
models, and then combine them to take a vote on their results. The
predictions made by ensembles are more accurate than predictions
made by a single model [7]. The aim of such approach is to provide
an accurate evaluation for the features that may have an impact
on students academic success. In this paper, the performance of
several classification techniques like SVM, Random forest and Lo-
gistic regression are compared. A majority vote based classification
algorithm is used for improving the performance by combining the
results of the above three classification techniques.

3.1 EDUCATIONAL DATASET

In this research work, the students academic performance dataset
X-API was taken from kaggle.com. This dataset contains 16 fea-
tures of 500 students. These features can be classified into four
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categories as shown in table 1.

FEATURES CATEGORY
NATIONALITY
DEMOGR APHIC AL FEATURES (GENDER
PLACE OF BRTH

PARENTRESEONS BLE FOR S TUDENT

EDUCATIONAL STAGES
STAGE

ACADEMIC FEATURES
GRADE LEVELS
SECTION D

STUDENT ABSENCEDAYS

PARENTANS WERING SURVEY
PARENTAL
FEATURES PARENT $CHOOL

SATEFACTION

DBCUSSION GROURS

BEHAVIOR AL FEATURES VISTTED RE2OURCES

RARED HAND ON CLASS

VIEWING ANNOUNCEMENTS

TABLE 1

3.2 Data Preprocessing

The data set is standardized and used for the proposed work. The
standardization of data is done through 0-1 normalisation. Data
Preprocessing involves a) Data Cleaning and b) Feature Selection.

3.2.1 Data Cleaning

Data cleaning is one of the important preprocessing tasks which
help to eliminate irrelevant data items and missing values. In this
research work the dataset contains 4% of missing values; therefore
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the records with missing values are detached from the dataset. Fi-
nally, the dataset is reduced to 480 observations after performing
data cleaning.

3.2.2 Feature Selection

In data preprocessing feature selection is an important step, the
purpose of this method is to identify a set of features which can
efficiently describe the input data, reduce the dimensions of the fea-
ture space and remove the redundant and unsuitable data. Feature
selection helps to improve the data quality and the performance
of the machine learning algorithms [9]. In this research work, the
Interactional features were considered for research in the field of
Learning Analytics and Educational Data Mining as interactional
features help in identifying the interest and behavior of the stu-
dents.

3.3 Classification Algorithms
3.3.1 Random Forest Algorithm (RF):

Random forest is a machine learning algorithm that reports the
aggregated result of different classifiers. Random forest algorithm
is used for both regression and classification. In Random forest,
several classification trees are created and each tree is trained in a
bootstrap sample of the original training data. Every tree in the
RF will cast a vote for some input x. Then the output of the RF
will be determined based on the majority voting of the trees. High
dimensional data can be handled by the Random forest classifiers
[2]. Random forest is an ensemble classifier technique that includes
many decision trees. The output of random forest algorithm is the
class that is the mode of the classes output by individual trees.
Random forest over fits with few datasets.

3.3.2  Support Vector Machine (SVM):

A support vector machine is a supervised machine learning method
with associated learning. It is used to analyze and recognize pat-
terns in data. SVM is mainly used for both regression and classifi-
cation. SVM is a binary classifier and each training data is assigned
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to either of the two classes. A new model is constructed from the
SVM algorithm which is then used to categorize a new instance into
either one class or another [3]. Since SVM supports Kernel func-
tions, it can learn various combinations of the given features with
less computational complexity. In SVM the problem of overfitting
is eliminated.

3.3.3 Logistic Regression:

In Logistic regression the dependent variable is dichotomous. The
independent variables in this model are predictors of the dependent
variable and can be measured on a nominal, ordinal, interval or ratio
scale. In logistic regression the association between the independent
and the dependent variable is nonlinear [1].

3.4 Majority Voting:

In Majority voting, several classifiers generate predictions for each
instance in the testing data. The final prediction for each instance
is the one which receives the maximum votes and it more than half
of the votes. The pseudocode of the Majority Voting used in the
proposed work is as follows:

PSEUDOCODE 1:
Majority Vote based Ensemble Classifier

Step 1: Apply 3 classifiers (Random Forest, SVM and Logistic
Regression) on the training data.

Step 2: Compare the performance of the 3 classi flers.

Step 3: Performing Majority Voting for every observation.

Step 4: Compare the performance of the Majonty Voting with the
Random Forest, SVM and Logistic Regression classifiers.

Majority Vote Based Ensemble Classifier method increases the
accuracy by combining the advantages of each individual classifier.

4 EXPERIMENTAL RESULTS

In this research work, we are predicting the performance of the
students based on their behavioral and parental features using a
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majority vote based ensemble method. The dataset after clean-
ing contains 480 records. 70% of the data is used for training the
classifiers and 30% for testing. The performance of SVM, Random
forest and logistic regression is compared and it was found that
Random Forest acquires a higher accuracy when compared to SVM
and Logistic Regression.

E VALUATION RanpoM SVM LOGISTIC | MAJORITY
MEASURE S FORE 5T Regression | VorING
PRECISION 81.7 813 188 823

REcALL 789 787 769 803
F-MEASURE 703 792 172 81.01
ACCURACY 788 786 764 80.90

TABLE 2

The above results show that the majority voting based ensemble
method achieves a higher accuracy rate when compared to the in-
dividual performance of SVM, Random Forest and the logistic re-
gression classification technique. This ensemble method increases
the accuracy rate by combining the predictions of several individual
classifiers and selecting the prediction having the maximum vote as
the final output prediction for each instance.

5 CONCLUSION

In this paper, we have proposed a majority voting based ensemble
for the prediction of student performance. It was found that major-
ity voting based ensemble method achieves a higher accuracy when
compared to the SVM, Random forest and the logistic regression
techniques. As the accuracy of the prediction increases, it will be
of immense help to improve the performance of students. Hence,
this work will be of great help in predicting the student perfor-
mance which in turn will help the institutions and academicians to
analyse the reasons for the performance and improve them.
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