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ABSTRACT 

 

Data Mining is a powerful tool for academic intervention. The 
educational institutions can use classification for comprehensive 
analysis of students’ characteristics. In our work, we collected 
student’s data from database course. And then apply tree based 
classifier Decision tree, rule based classifier Decision Table and 
function based classifier RBF Network for classifying students 
based on their Final Grade obtained in their Courses. We compare 
these algorithms of classification and check which algorithm is 
optimal for classifying students’ based on their final grade. 
By this task we extract knowledge that describes students’ 
performance in end semester examination before examination. 
This work will help to the institute to improve the performance of 
the students consequently institute. 

 

I.  INTRODUCTION  
 
A. Data Mining 

 
Data mining2,3 is the emerging field 

of applying statistical and artificial 
intelligence techniques to the problem of 
finding novel, useful, and non-trivial 
patterns from large databases. 

Data mining techniques3,10 are the 
result of a long process of research and 
product development. 

From the beginning, data mining 
research4 has been driven by its applications. 
While the Sales & Marketing industries as 

shown in Fig. 1, have long recognized the 
benefits of data mining, data mining 
techniques can be effectively applied in 
many areas. Recently, research in 
association rule mining, classification rule 
mining, and pattern discovery in 
combinatorial databases has provided many 
paradigms that are applicable in the wide 
application areas. As a result, more and 
more organizations have become interested 
in data mining. 

 
A typical data mining architecture2 

is shown in Fig. 2, which gives the overview 
of data mining process. 
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Newly developed web-based educational 
technologies offer researchers unique 
opportunities9 to study how students learn 
and what approaches to learning lead to 
success. Although using data mining in 
higher education is a recent research field, 
there are many works in this area. That is 
because of its potentials to educational institutes. 

Data mining applications in higher 
education given in5, they concluded with that 
the Data mining is a powerful analytical tool 
that enables educational institutions to better  
allocate resources and staff to proactively 
manage student outcomes and improve the 
effectiveness of alumni development. 

 

 
 

Fig. 1. Data Mining Architecture of Sales & Marketing Industry 
 

One of the biggest challenges that 
higher education faces today is predicting 
the paths of students5. Institutions would like 
to know, for example which student will 
enroll in particular course, and which 
students will need assistance in order to 
graduate. 

One way to effectively address these 
student challenges is through the analysis 
and presentation of data or data mining. 
Data mining is based on four essential 
methods classification, categorization, 
estimation and visualization. Classification11 
is a data mining (machine learning) 
technique used to predict group membership 
for data instances. 
 
B. Educational Data Mining 
 

Educational Data Mining (EDM) is 
the process of transforming raw data 

compiled by education systems in useful 
information that could be used to take 
informed decisions and answer research 
questions. 

 
In recent years, there has been 

increasing interest in the use of data mining 
to investigate scientific questions within 
educational research6, an area of inquiry 
termed educational data mining. 

 

Educational data mining (also 
referred to as “EDM”) is defined as the area 
of scientific inquiry centered on the 
development of methods for making 
discoveries within the unique kinds of data 
that come from educational settings, and 
using those methods to better understand 
students and the settings which they learn in. 
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Fig. 2. Architecture of a typical data mining system. 

 
C. Outline of the Paper  

 
The rest of the paper is organized as 

follows: Section II summaries previous 
works in educational data mining. Section 
III gives a general description of proposed 
work which include collection and 
preparation of data and applying 
classification methods. Section IV gives the 
experimental results. Finally in section V we 
conclude this paper with a summary and VI 
gives outlook for future work. 
 
II. PREVIOUS WORKS 
 

In1, author used educational data 
mining to analyze learning behavior. They 
collected the data from database course. 
After preprocessing the data they applied 

data mining techniques to discover 
association, classification, clustering and 
outlier detection rules. 

In educational data mining, given 
works of a student, one may predict his/her 
final grade. 

In their case study they used 
decision tree to represent 
logical rules of student final grade. The 
benefit of this method is that it can predict 
low grades on time.   

In their work, Alaa El-Halees 
suggested that classification could be done 
using more data mining techniques such as 
neural nets, naive bayes classifiers etc. 

From the above work we 
concentrate on the classification part, and in 
the proposed work we have been applied 
decision tree (ID3) , Decision Table as well 
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as RBF Network classifier for classifying 
students based on their final grade. 
 
III. PROPOSED WORK 
 

A. Data Collection and preparation 
 

We collect the data from student 
database. From which we take five attributes 
attendance, mid_ Sem_percentage, gpa, 
e_homework and final_grade for analysis. 
 
a. Data Preparation 
 

We discretized the numerical 
attributes to categorical ones. For example, 
we grouped all grades into three groups 
Excellent, Pass & Failure as described in 
table below. 

 
Table I 

Values of Final Grade 
 

Final_percentage Final_grade 
X < 35% Fail 

35% ≤ X ≤ 70% Pass 
X > 70% Excellent 

 

In the same way, we descretized 
other attributes such as attendance,  
e_homework, mid_sem_percentage and gpa. 

Finally the most significant 
attributes presented in following table:- 
 
B. Generating Classification Rules for  
     Student Data by Applying Decision  
     Tree Algorithm 
 
a. Decision Tree  

 
An important technique in machine 

learning, decision trees are used extensively 
in data mining. They are able to produce 

human-readable descriptions of trends in the 
underlying relationships of a dataset and can 
be used for classification and prediction 
tasks. 
 

b. Attribute Selection Measure 
 

Given entropy as a measure of the 
impurity in a collection of training 
examples, we can now define a measure of 
the effectiveness of an attribute in 
classifying the training data. The measure 
we will use, called information gain,7 is 
simply the expected reduction in entropy 
caused by partitioning the examples 
according to this attribute. 
 

The ID3 algorithm14 can be summarized as 
follows: 
 

1. Take all unused attributes and count 
their entropy concerning test samples  

2. Choose attribute for which entropy is 
maximum  

3. Make node containing that attribute  
 

Table II  
 The Symbolic Attribute Description 

 
Attribute Description Possible 

Values 
Mid- Sem-
per  

Percentage of 
marks obtained in 
mid semester 
exam  

Average Good, 
fail 

Attendance  Attendance in one 
semester  

Poor, Good, 
Average 

E_ home 
work 

Online exercise 
given by teacher 
done or not  

Yes, No 

GPA Grade Point Avg.  
for General 
performance i.e. 
in lab or class or 
extra curricular   

Good, Poor 

Final – 
Grade  

Final – Grade 
obtained in 
practical semester  

Pass, Fail, 
Excellent 
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The algorithm is as follows: 
 
ID3 (Examples, Target_Attribute, Attributes) 
 
1. Create a root node for the tree  
2. If all examples are positive, Return the 

single-node tree Root, with label = +.  
3. If all examples are negative, Return the 

single-node tree Root, with label = -.  
4. If number of predicting attributes is 

empty, then Return the single node tree 
Root, with label = most common value 
of the target attribute in the examples.  

5. Otherwise Begin  
a. A = The Attribute that best classifies   
 examples.  
b. Decision Tree attribute for Root= A.  
c. For each possible value, vi, of A,  
I. Add a new tree branch below Root, 

corresponding to the test A = vi.  
II. Let Examples(vi), be the subset of 

examples that have the value vi for 
A  

III.  If Examples(vi) is empty  
� Then below this new branch add a 

leaf node with label = most common 
target value in the examples  

IV.  Else below this new branch add the  
  subtree ID3 (Examples(vi),  
       Target_Attribute, Attributes – {A})  

6. End  
7. Return Root  
 
C. Generating Classification Rules For  
     Student Data by Applying Decision  
     Table classification method. 
 

Decision Table Classifier has Flat 
training set data with most attributes stripped 
off. It contains only “important” attributes. 

The Functional Definition 
 A decision table8 has two components: 

1.  A schema, which is a list of attributes. 
2.  A body, which is a multiset of labeled 

instances.   Each instance consists of a 
value for each of the attributes in the 
schema and a value for the label.  

 

The set of instances with the same 
values for the schema attributes is called a 
cell. 

Given an unlabeled instance, x, the 
label assigned to the instance by a decision 
table classifier is computed as follows. Let I 
be the set of labeled instances in the cell 
that exactly matches the given instance x, 
where only the attributes in the schema are 
required to match and all other attributes are 
ignored. If I= Ø, return the majority class in 
I, breaking ties arbitrarily. Otherwise          
(I = Ø), the behavior depends on the type of 
decision table used:  
1.  A DTMaj returns the majority class in 

the decision Table. 
2.  A DTLoc removes attributes from the 

end of the list in the schema and tries to 
find matches based on fewer attributes 
until one or more matches are found and 
their majority label is returned. This 
increases the cell coverage until training 
instances match x. 

 

D. Generating Classification Rules For  
     Student Data by Applying RBF  
     Network classification method 
 

A radial basis function network is an 
artificial neural network that uses radial 
basis functions as activation functions 
A RBF network15 as shown in Fig.4  with m 
outputs and  nh  hidden nodes can be 
expressed as: 
 

����� � ��� � 	 ���
�║v�t� � c��t�║�;  i � 1, … … … . . , m.
��

���
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where wij , wi 0 and c j t  are the connection  
weights, bias connection weights and RBF 
centres respectively, vt  is the input vector  
to the RBF network composed of lagged 
input, 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

In order to measure the performance 
of a classification model on the test set
the classification accuracy or error rate are 
usually used for this purpose. The 
classification accuracy is computed from the 
test set where it can also be used to compare 
the relative performance of different 
classifiers on the same domain. However, in 
order to do so, the class labels of the test 
records must be known. Moreover an 
evaluation methodology is needed to 
evaluate the classification model and 
compute the classification accuracy. Here 
we use 10-fold-cross-validation method.
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are the connection  
weights, bias connection weights and RBF 

is the input vector  
to the RBF network composed of lagged 

lagged output and lagged prediction error 
and Ø(•) is a non-linear basis function. 
denotes a distance measure that is normally 
taken to be the Euclidean norm. 

Fig 3.  The RBF Network15 

In order to measure the performance 
of a classification model on the test set12,13, 
the classification accuracy or error rate are 

used for this purpose. The 
classification accuracy is computed from the 
test set where it can also be used to compare 
the relative performance of different 
classifiers on the same domain. However, in 
order to do so, the class labels of the test 

t be known. Moreover an 
evaluation methodology is needed to 
evaluate the classification model and 
compute the classification accuracy. Here 

validation method. 

IV. EXPERIMENTAL RESULTS
 

Test Data 
 

Mid_Sem 
_per 

Atten-
dance 

E_home
-work 

GPA 

GOOD GOOD YES GOOD 
AVERAGE AVERAGE YES GOOD 

AVERAGE POOR YES GOOD 

AVERAGE POOR YES GOOD 

GOOD POOR YES GOOD 

GOOD GOOD YES GOOD 

GOOD GOOD YES POOR 

AVERAGE AVERAGE NO POOR 

GOOD GOOD YES GOOD 

AVERAGE AVERAGE YES POOR 

) 

lagged output and lagged prediction error 
linear basis function. ║•║ 

denotes a distance measure that is normally 
 

RESULTS 

Final_ 
Grade 

 
EXCELLENT 
PASS 

FAIL 

FAIL 

PASS 

EXCELLENT 

PASS 

FAIL 

EXCELLENT 

PASS 
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Id3 
 
Attendance = GOOD 
|  GPA = GOOD: EXCELLENT 
|  GPA = POOR: PASS 
Attendance = AVERAGE 
|  E_homework = YES: PASS 
|  E_homework = NO: FAIL 
Attendance = POOR 
|  Mid_Sem_per = GOOD: PASS 
|  Mid_Sem_per = AVERAGE: FAIL 
 
Results from Decision Trees using Id3 
 
Time taken to build model: 0.01 seconds 
 

Correctly Classified Instances     7    70   % 
Incorrectly Classified Instances     3    30   % 
 
Results from Decision Table  classifier 
 
Time taken to build model: 0.01 seconds 
 
Correctly Classified Instances      3    30  % 
Incorrectly Classified Instances      7    70  % 
 

Results from RBF Network method 
 

Time taken to build model: 0.03 seconds 
 

Correctly Classified Instances      7    70  % 
Incorrectly Classified Instances      3    30  % 

 

 
 

Fig. 4. Time Graph 
 

 
 

Fig. 5. Accuracy Graph 
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Fig. 4, gives the analysis chart 
which shows time taken by Decision tree, 
Decision Table and RBF Network classifier. 

Fig. 5, gives the Analysis chart 
which shows relative classification accuracy 
of  all three algorithms. 
 
V. CONCLUSION 
 

This work is an attempt to use Data 
Mining techniques to analyze students’ 
academic data and to enhance the quality of 
higher educational system. 

In this work we applied three 
classification methods on student data i.e. 
Decision tree (ID3) ,Decision Table and 
RBF Network Classification method. 

We notice that ID3 Classifier is 
most suitable method for this type of student 
dataset. Because we tested it for sample 
dataset it gives more accurate result than 
Decision Table. However, both methods 
take same time to build. Although RBF 
Network gives same result as ID3 but it 
takes more time than ID3. 

The Higher managements can use such 
classification model to improve students’ 
performance according to the extracted 
knowledge. 
 

VI. FUTURE WORK 
 

One of the most attractive future 
works is to collect large data set from the 
university database and apply these 
classification methods on such data.  

Several other new classification 
methods can also be applied to test the most 
suitable method for student dataset i.e. Lazy 
learners, Classification via regression etc. 

These classification methods can also be 
applied to predict other student outcomes 
such as dropouts or alumni pledges. 

REFERENCES 

 
1. Alaa El-Halees, “Mining Students Data 

to   Analyze Learning Behavior: A Case 
Study.” Department of Computer 
Science, Islamic University of Gaza P. 
O. Box 108 Gaza, Palestine  
alhalees@iugaza.edu.ps., (2008).  

2. Jiawei Han, Micheline Kamber, “Data 
Mining:  Concepts and Techniques”, 
Morgan Kaufmann Publishers. 

3. Arun K. Pujari.” Data Mining 
Techniques”, Universities Press (India) 
Private Limited. 

4. M. Stonebraker, R. Agrawal, U. Dayal, 
E. J.  Neuhold and Reuter, “DBMS 
Research at a Crossroads: The Vienna 
Update”, proc. 19th Very  large data 
bases Conf., (1993). 

5. Jing Luan "Data mining application in 
higher education". Chief planning and 
Research Officer, Cabrillo College 
founder knowledge Discovery. 

6. Ryan S.J.d. Baker, Carnegie Mellon 
University, Pittsburgh, Pennsylvania, 
USA “Data Mining for Education”, (2008).  

7. dms.irb.hr/tutorial/tut_dtrees.php 
8. Ron Kohavi and Daniel Sommerfield 

“Targeting Business Users with Decision 
Table Classifiers” Data Mining and 
Visualization Silicon Graphics, Inc., 
(1998). 

9. Behrouz Minaei-Bidgoli 1, Deborah A. 
Kashy 2, Gerd  Kortemeyer 3, William 
F. Punch 4 “Predicting  Student  
Performance: an Application of Data 
Mining Methods  with an Educational 
Web-Based System” IEEE (2003). 

10. M. Hegland, “Algorithms for Association 
Rules”, Lecture  Notes in Computer 
Science, Vol. 2600, Jan (2003). 



 Bharat Lodhi, et al., J. Comp. & Math. Sci. Vol.2 (3), 435-443 (2011)  443 

Journal of Computer and Mathematical Sciences Vol. 2, Issue 3, 30 June, 2011 Pages (399-580) 

11. Mike Chapple, About.com 
12. Tan P. N., Steinbach M & Kumar V. 

“Introduction to Data Mining” Pearson 
Education, (2006). 

13. Qasem A. Al-Radaideh, Emad M. Al-
Shawakfa, and Mustafa I. Al-Najjar 

“Mining Student Data Using Decision 
Trees”, The 2006 International Arab 
Conference on Information Technology. 

14. en.wikipedia.org/wiki/ID3_algorithm 
15. M. Y. Mashor, “Hybrid Training 

Algorithm for     RBF Network”. 
 
 

 
 
 

 
 
 
 
 
 
 

 


