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Abstract – Data mining is the process of extracting valuable
and novel knowledge from large data. It is analysis of data
sets for finding patterns, relationships and help to summarize
the knowledge for various goals. This investigation is
motivated to study the students’ academic performance in
high schools during 4 years which are collected from the
department of education, Shiraz, Iran. Since one of the main
challenges in Iranian schools is, prediction of students’
academic performance and their success in university
entrance exam, therefore, we applied different classification
and prediction algorithms on students’ data for discovering
the possibility of predicting students’ scores before
examination. Our results show that, it is possible to predict
students’ gender, marks with applying classification and
prediction algorithms and verifying some factors which are
mentioned in this paper.
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I. INTRODUCTION

Nowadays one of the main challenges in most of
countries is prediction students’ academic performance
before examination and attempt to discover all at risk
students (all academically weak students are referred as at
risk students) before examination and tries to help them
before failing in examination. Since the number of failed
students in each school is very important for instructors in
education departments or high education ministry in Iran,
therefore managers of all schools attempt to provide best
quality of teaching for getting the best results. But
currently one of the main problems for most of the schools
in Iran is, despite providing the best teaching and facilities,
some of students every years failing or they are not be able
to get admission in universities.

In this study, we will apply data mining techniques such
as classification for classifying students based on their
academic performance and modeling students’ based on
their various behaviors in academic performance. Further,
with applying various algorithms such as: MLP, RBF
Network, Naïve Bayes, Bagging and AdaBoost classifiers
we will be check the impact of different factors on
students’ academic performance. Weka and Clementine
will be used as a data mining tools for analyzing and
evaluating results.

This paper is organized in five sections. Section two
introduces some of the related works. Section 3, presents
the data collection and pre-processing steps. Section 4,
demonstrates the analysis results. Section 5, concludes our
paper with summarizing the results.

II. RELATED WORKS

Data mining is a process for discovering valuable
knowledge from huge amount of data [1]. Several research
efforts attempt to discover the students’ behavioral
patterns and use these patterns for predicting their
academic performances. Some of researchers have been
studied the impact of various factors on academic
performance of students such as gender [2, 3 and 4],
technology [5], Internet and Social network websites
usages [6] and etc.

Different algorithms for classification are available. The
most popular methods for classification are [7]: Decision
Trees, Nearest Neighbor Method, Naive Bayes, and C4.5.
or regression methods such as: RandomForest, Bagging
and etc.

Several data mining tools are available. Some of these
tools are commercial (such as: Statistica [8], SAS
Enterprise Miner [9], IBM Intelligent Miner [10],
Clementine[11] and etc.), and some of them are
free(Weka[12], R-Miner [13], Rapid-Miner [14]). Each
one of these tools has some special and some common
performances.

III. DATA COLLECTION AND DATA PROCESSING

The marks obtained by Students in two or three past
examinations were the main concerned data in this study.
All collected data was belong to 10 high schools in Shiraz,
Iran and the final samples data have been selected from 8
high schools including 6 high school of boys students and
2 high schools of girls students. Totally 600 students’
records are selected for creating training set for our
analysis by applying simple random sampling method.
From these selected records 458 records were belong to
boys students and remaining 142 records were belong to
female students. These students were undertaken various
branches in high schools such as mathematics (277),
natural science (217) and humanities science (106). This
collected information belongs to students whom started
study in high school on 2009 and graduated on 2013.

For identifying students based on their performance we
classified students based on their academic performance in
3 classes. First class is named by “A” shows all students
which are passed their all subjects in the first examination
without failing(the final examination of schools in Iran is
Jun, so who is passed all subjects in Jun successfully will
be classify in class “A”), second class is named as “B”
includes students with one time failing (second
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examination for students who is failed in Jun examination
is on September), third class is named as “C” and contains
all students who passed subjects in December (after 2
times fails in Jun and September examinations). In the first
step of our investigation we recognized that within 600
students in our training set, 546 students belong to class
“A” and 49 belong to class “B” and 5 students belong to
class “C”.

Each collected record for each individual student had
196 different attributes. We used Clementine for features
selection within this 196 attributes. Some attributes such
as “the number of undertaken courses” is removed because
of creating redundancy or having missing values. Finally
103 attributes are selected for our further analysis, some of
this files are: Individual Id for each student, gender, school
name, branch or field of study, entrance date in school,
date of graduation, number of units which are passed by
each student in each year, the mark which is obtained for
each course, total number of units which are passed during
study and etc.

During collecting information we have been faced with
one serious problem. It was regarding the geographic
distribution of data, since in Iran currently there is no
possibility to collect all data from education department in
each city; we collected each school’s data separately with
physically referring these schools and collecting their
students’ data.

First of all, the collected data prepared by Excel in
proper format and one matrix table is made for saving
students data for further analysis. Sine we used Weka
3.6.9 and clementine 12.0 for analysis therefore all data
are saved in two files in the formats of, .xls for analyzing
with clementine   and .csv for analyzing with Weka.

IV. OUR DATA ANALYSIS

In this section with the help of data mining techniques
we attempt to model students’ academic performances.
The effects of different factors are tested on these
extracted models. Various techniques which are used for
extracting these models and their output results are
analyzed and performance and accuracy percentage of
each technique is compared with others. Finally with
analyzing different models and various effected factors we
will try to remove un-necessary models and extract
valuable knowledge from the valuable models which can
be help for improving our power of predicting students’
final examination or college entrance results.

We used 4 classification algorithms (Naive Baye, C4.5,
RBF network and MLP(Multi-Layer Perceptron) and 2
meta-classifier algorithms(Bagging, Boosting) in our

analysis. For summarizing the results and extracting
valuable knowledge Confusion Matrix is used.
A. Algorithms For Extracting Models
Three types of algorithms are used for extracting the
models in our dataset. These three types are:
 Classifiers: includes the following algorithms
o Naive Bayes algorithm, C4.5, Random Forest, Neural

Networks
 Meta-Classifiers: includes following algorithms
o Bagging algorithm, Boosting algorithm, Adaboost

algorithm
 Predictors: includes following algorithms
o Linear Regression, SMO, RBFRegressor
B. Statistical Analysis

For statistical analysis, in this research work we used
Confusion matrix (also known as a contingency table or an
error matrix [15, 16], is a specific table layout that allows
visualization of the performance of an algorithm, typically
a supervised learning one (in unsupervised learning it is
usually called a matching matrix). Each column of the
matrix represents the instances in a predicted class, while
each row represents the instances in an actual class), Root
Mean Square Error (for discovering the difference
between the real amount and the predicted amount for data
in models), Mean Absolute Error (is a quantity used to
measure how close predictions are to the eventual
outcomes).
C. Our Experimental Results

In this section, the results of applying different
algorithms on extracted models are presented. The results
of applying classification and meta-classification
algorithms are presented in summary and Confusion
matrix tables. Finally the effects of applying different
parameters on the results obtained by various algorithms
are shown.
 The Effect of Field of Study on Students’ Marks

Selecting the field of study in high school and Higher
Education College is very important for career choice in
the future. Therefore, it is very essential to advise students
to select their favorite field based on their personality,
mental or psychological mood, available facilities and etc.
We made models without any information about student
personal, social as well as external and mental factors.

The results of applying various algorithms in our data
for making model are presented on Summary and
Confusion tables (Table 1 and Table 2 shows the results).

It is important to know that, Kappa Statistic is in the
range of 0 to 1 and how much its amount become near to
1, the amount of success is more.

Table 1: Comparing Results of Applying Different Classification Algorithms to Predict Academic Disciplines

Classifier

Correctly
Classified
Instances

Incorrectly
Classified
Instances

Kappa
Statistic

Mean
Absolute

Er.

Root Mean
Square
Error

Relative
Absolute

Error

Root Relative
Squared

Error

Total
Number

of Instances

Time
Taken to

Build Model
Naive
Bayes

99.8333 % 0.1667 % 0.9973 0.0011 0.0333 0.2666 % 7.2989 % 600 0.03

AdaBoost
+ Classifier

99.8333 % 0.1667 % 0.9973 0.0099 0.0394 2.3873 % 8.6291 % 600 0.15
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RBF
Network

99.1667 % 0.8333 % 0.9867 0.0069 0.0747 1.6488 % 16.3605 % 600 0.2

MLP 96.1667 % 3.8333 % 0.9386 0.036 0.1507 8.6433 % 33.0199 % 600 87.56

C4.5 65.6667 % 34.3333 % 0.432 0.2781 0.413 66.7423 % 90.4987 % 600 0.08

Bagging +
Classifier

63  % 37  % 0.3996 0.2803 0.4069 67.2569 % 89.1628 % 600 0.26

From the results of Table 1 it is evident that:
 The results of applying Naive Bayes show that:
o The accuracy of prediction is 99.8% and Kappa Statistic

amount is 0.997. The time taken for building model with
applying this algorithm is 0.03.

o Confusion Matrix in this case is shown in Table 2.
Based on the results of this Matrix that, only 1 student
out of 106 students undertake Humanities Science is not
predicted correctly and it is predicted by fault
Mathematic class.

Table 2: Confusion Matrix for Naive Bayes

Predicted Classes
Actual Classes Mathematics Natural

Science
Humanities

Science
Mathematics 277 0 0
Natural Science 0 217 0
Humanities
Science

1 0 105

The results of applying C4.5 show that:
 By applying this algorithm are very poor because the

accuracy of prediction is 0.432. The time taken for
building model with applying this algorithm is 0.08, and
this time is very high compare with other algorithms.

 Confusion Matrix in this case is shown in Table 3. The
number of correct predictions for Mathematic field is
232, for Natural Science is 92 and for Humanities
science is 70. The number of fault predictions is very
high.

Table 3: Confusion Matrix for C4.5 Algorithm

Predicted Classes
Actual Classes Mathematics Natural

Science
Humanities

Science
Mathematics 232 40 5
Natural Science 117 92 8
Humanities
Science

8 28 70

 The results of applying RBF network algorithm show
that:

o By applying neural network algorithm are good. The
number of fault predictions is 5 out of 600. And the time
taken for building model in this case is very less and
approximately 0.2 and this results are well.

o Confusion Matrix in this case shows 100% correct
prediction for humanities science and 5 faults for
Mathematics and 1 fault for natural science is predicted.

 The results of applying MLP(Multi-Layer Perceptron)
show that:

o The accuracy of applying this algorithm was 96.16% but
the negative point of this algorithm is, time taken for
building model in this case is very high.

 The results of applying Bagging algorithm show that
o Its results are similar to c4.5 algorithm, so it accuracy of

prediction is 0.5 and also number of fault predictions in
all branches are more (see Table 1).

 The results of applying Adaboost algorithm show that
o The results of applying this algorithm have high

accuracy. Further, for only 1 student in mathematic is
predicted fault and remaining students’ branch is
predicted correct.
The total results of Table 1 show that, Naive Bayes and

Adaboost have better accuracy percentage but the running
time for Naive Bayes was lesser than Adaboost. C4.5 and
Bagging algorithm had very weak accuracy weak in
compare with other algorithms.
 Predicted Grades to Students Based on Academic

Records
In this section, we applied SMOreg ،RBFRegressor,

RBFNetwork, LinearRegression and GaussianProcesse
algorithm for predicting grades.

Table 4: Comparing the Results of Prediction Accuracy % by Different Algorithms
Evaluation
Factor

Correlation
coefficient

Mean
Absolute

Error

Root Mean
Square
Error

Relative
Absolute

Error

Root Relative
Squared

Error

Total
Number of
Instances

Ignored Class
Unknown
Instances

Total
Number of
Instances

Time
Taken

to Build
Model

RBF
Regressor

0.6652 2.4704 2.9872 69.0063 % 73.4972 % 42 558 600 0.15

Gaussian
Processes

0.6577 2.5175 3.249 70.321  % 79.9385 % 42 558 600 0.01

SMOreg 0.6164 2.7631 3.2963 77.1829 % 81.1007 % 42 558 600 1.4

Linear
Regression

0.4098 4.7253 11.2364 131.9929
%

276.4578 % 42 558 600 0.05

RBF
Network

0.2292 3.21 3.8018 89.6649 % 93.5384 % 42 558 600 0.03
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The results of Table 4 show that, RBF Regressor ،
Gaussian Processes and SMOreg algorithms have
correlation coefficient higher than 0.6 and RBFnetwork
algorithm with Relative Squared Error equal with 93.54%
is weakest algorithm for predicting marks.

 Impact Of Gender Factor On Scores Of Students
With And Without School Factor

The comparison results of gender factor on score of
students with and without school factor according to rank
obtained by these algorithms are shown in Table 5.

Table 5: Comparison Results of Applying Different Algorithm for Extracting Impact of Gender Factor on Scores
1 2 3 4 5 6

With School
Factor

C4.5
100   %

Bagging
+ Classifier100   %

Adaboost
+ Classifier 100   %

MLP
100%

Naive Bayes
86 %

RBF Network
81 %

Without School
Factor

MLP
89.3333 %

Naive Bayes
82.8333 %

Adaboost+ Classifier
82.1667 %

C4.5
77.8333 %

RBF Network
%76.8333

Bagging + Classifier
76.6667 %

It is evident from Table 5 that, C4.5 has best accuracy
results in the case of applying school fact and gender of
students but in the case of gender effect without applying
school factor, the best performance belong to MLP
algorithm. It’s interesting to note that, C4.5 algorithm in
this case has 4th level (lower performance) in compare
with other algorithms.

V. CONCLUSION

We applied several algorithms for creating models.
These models have enabled us to predict gender, branch of
study and also students’ examination results before
examination and only with the help of their attributes and
before examination’s results. Algorithms are having
different results and accuracy of prediction in different
situations. For example, MLP and RBF-network
algorithms had highest prediction results in the case of
analyzing the effects of school facilities on students marks
with and without gender and branch of study effects.
Whereas, C4.5 and Bagging algorithms had highest
prediction results  in the case of predicting students’
gender with effect of school’s facilities, but in the case of
without effect of school’s facilities the best results for
predicting students’ gender are obtained by applying
Naive Bayes and MLP algorithms. In the other words, the
main result of this paper is indicated that, predicting
examination marks, gender, branch of students and
students is possible by applying different classification and
prediction algorithms on their before performance and
personal academic data which we have collected.
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