
International Journal of Engineering Science and Computing, April 2017         10489                                                                 http://ijesc.org/ 

          
ISSN XXXX XXXX © 2017 IJESC                                                                                                   

                                                       
 

 

A Comparative Analysis of Decision Tree Algorithms for Predicting 

Student’s Performance 
Bevinda Alisha Pereira

1
, Anusha Pai

2
, Cassandra Fernandes

3
 

PG Student
1
, Assistant Professor

2, 3
 

Department of Information Technology  

Padre Conceicao College of Engineering, Verna, India 

 

Abstract: 

Educational Institutions contain huge amounts of student’s data that can be used for predicting student’s performance. As 

student’s performance is of a major concern to every university, this technique can help the universities to achieve a better result 

by being able to identify the weak students and providing them with extra classes to improve their performance. This paper 

involves using attributes such as Previous Semester Marks, Internal Grades, etc. to predict the student’s final semester marks. 

Also different decision tree classifiers are used to predict the marks and the accuracies of each of the classifiers are computed. 
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I. INTRODUCTION 

 

Student’s performance is the topmost concern for any 

institution. By predicting student’s performance and giving 

appropriate tutoring to the weak students, the quality of 

education provided by the institutions can be improved. Every 

institution contains a large amount of student’s data. Data 

mining techniques can be applied to this data to predict 

student’s performance. Data Mining is the field of discovering 

useful information from large amounts of data. Data mining 

can be applied in a large number of fields such as Banking, 

Hospital, Education, etc. [9] Data mining techniques that are 

applied to educational data are known as Educational Data 

Mining (EDM).  Educational Data Mining is an emerging 

discipline, which is concerned with developing methods for 

exploring the unique and increasingly large-scale data that 

comes from the educational settings, and using those methods 

to better understand students and the settings which they learn 

in [5]. Data mining comprises of several techniques such as 

Classification, Clustering, Regression, and Decision Trees that 

can be used to discover knowledge from data. Classification 

technique of data mining is one of the technique that can be 

used for prediction of student’s performance. The 

classification technique is a two-step process where, in the 

first step a set of records whose class labels are known are 

used to build a classifier. The classifier is then used in the next 

step to classify test tuples and the accuracy of the classifier is 

computed. If the accuracy of the classifier is acceptable then 

the classifier is used to classify records whose class labels are 

unknown in the future. Examples of such classifiers are: Naïve 

Bayes, K-Nearest Neighbor, Decision Tree classifiers, etc. A 

decision tree classifier is made up of leaf and non-leaf nodes 

where the leaf node contains the class name and the non-leaf 

node contains an attribute with each branch of the node being 

a possible value of the attribute. In this research decision tree 

classifiers such as ID3, C4.5, CART and CHAID are used. 

The classifiers are built using student’s data from an 

engineering college with attributes: Previous Semester Marks, 

Internal Grades, Project Marks and Attendance. The classifier 

is then tested on the test tuples and accuracy of the classifier is 

computed. This paper also performs a comparative study of 

the accuracy of these classifiers. 

II. RELATED WORK 

 

Han and Kamber [2] describe data mining algorithms which 

allow users to analyse data from different dimensions and to 

categorize them. Baradwaj and Pal [9] conducted a study on 

50 students from VBS Purvanchal University, Jaunpur (Uttar 

Pradesh) Computer Applications department of course MCA 

(Master of Computer Applications) from session 2007 to 

2010. Attributes such as, Previous Semester marks, Class 

Grades, Attendance were used to build a decision tree.  Surjeet 

Kumar Yadav, BrijeshBharadwaj, Saurabh Pal [1] performed 

comparative analysis of decision tree algorithms such as ID3, 

C4.5 and CART. This study was conducted on 48 students of 

MCA course from a university of Jaunpur. The result of this 

study showed that CART algorithm had better accuracy than 

the other two decision tree algorithms. AbeerBadr El Din 

Ahmed, Ibrahim Sayed Elaraby [7] used the ID3 decision tree 

on a data set of 1547 records to extract rules which were used 

in prediction of final grades of the students. Kalpesh Adhatrao, 

Aditya Gaykar, AmirajDhawan, RohitJha and Vipul Honrao 

[3] predicted the results of students currently in the first year 

of engineering, based on the results obtained by students 

currently in the second year of engineering during their first 

year. Attributes such as merit, gender, percentage, admission 

type were used to construct the decision tree. The decision tree 

algorithms that were used are ID3 and C4.5. Priyanka Saini, 

Sweta Rai and Ajit Kumar Jain [4] used ID3 algorithm on 

MCA students of a college. They calculated that 

Undergraduate Stream (UG Stream) had the lowest entropy 

and hence it was made the root node. The final tree was used 

to classify remaining students. I.A Ganiyu [6] conducted a 

study on data set used obtained from Oduduwa University Ile-

Ife. The score was predicted by using different classifiers such 

as C4.5, Random Tree, etc also the accuracy of each classifiers 

was compared Surjeet Kumar Yadav and Saurabh Pal [10] 

applied decision tree classifiers on engineering student’s data 

and predicted the number of students who were likely to pass, 

fail or get promoted to the next year 

 

III. DATA MINING PROCESS 

A Student’s performance can be determined by several factors 

such as previous semester marks, Attendance, Internal marks, 
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etc. The Procedure used is summarized in Figure 1. In the first 

step, raw data is collected which is then processed to obtain 

prepared data. Next, the prepared data is used to train the 

decision tree classifiers. In the last step, each of the classifiers 

are tested on test data and the accuracies are compared. 

 

 
Figure.1. Procedure Used 

 

A. Data Preparations 

The Data Set used in this study is obtained from an 

engineering college of Goa University. The data set comprised 

of Semester 8 students from the year 2015 and 2016. The 

number of samples used to construct a classifier is 466. The 

number of test tuples used is 67. 

 

B. Data Selection and Transformation 

Only the attributes that were required for the data mining 

process were selected. All the predictor and response variables 

are shown in Table 1 for reference. 

 

Table.1. Data Set Attributes 

Variable 

Name 

Description Domain Values 

PREV Previous 

Semester Marks 

(Semester 7) 

{ Distinction  

First  

Second  

Pass  

Fail } 

ITG Internal Tests 

Grades 

{ Poor 

Average 

Good  } 

PROJ Project Marks {  Poor 

Average 

Good } 

ATTND Attendance {  Poor 

Average 

Good } 

FIN Final Semester 

Marks (Semester 

8) 

{ Distinction  

First  

Second  

Pass  

Fail } 

The domain for the attributes was defined as follows: 

PREV: Previous Semester Marks (Semester 7 marks). It is 

split into five class values:  

Distinction - >70%, First - >60% and <70%, Second – >50% 

and <60%, Third – >40% and < 50%, Fail < 40%. 

 

ITG: Internal Grades obtained in the tests conducted. 2 

Internals are conducted in each semester for every subject and 

an average of the marks is taken for the final internal marks. It 

is split into three class values: Good, Average, and Poor. 

 

PROJ: Project Marks. Marks of the group project which is to 

be completed in Semester 7 and Semester 8. This attribute is 

split into three class values: Good, Average, and Poor 

 

ATTND: Attendance of Student. It is split into three class 

values: Good, Average, and Poor 

 

FIN: Final Semester Marks. Response Variable. It is split into 

five class values:  Distinction - >70%, First - >60% and <70%, 

Second – >50% and <60%, Third – >40% and < 50%, Fail < 

40%. 

 

IV. METHODOLOGIES USED 

 

Decision tree classifiers are used in this study to predict 

student’s final semester marks. A decision tree is a flowchart 

like structure where the leaf nodes represent a class label and 

the non-leaf represent an attribute. Knowledge is then 

extracted and represented in the form of if-then rules as shown 

in Figure 2. 

 

 
Figure.2. If-Then Rules Extracted from Decision Tree 

 

Entropy: Entropy is used to compute the homogeneity of the 

data set. Entropy is computed in (1): 

𝐸𝑛𝑡𝑟𝑜𝑝𝑦 =   −𝑝 𝑖 ∗ log2 𝑝(𝑖)     (1) 

where p(i) is the probability that a tuple in the training set S 

belongs to class Ci. A homogenous data set consists of only 

one class. In a homogenous data set p(i) is 1 and log2 p(i) is 

zero. Hence the entropy of a homogenous data set is zero. The 

following Decision Tree algorithms are used. 

 

A. ID3 

ID3 (Iterative Dichotomiser 3) is an algorithm invented by 

Ross Quinlan [8]. ID3 makes use of Information Gain as 

attribute selection method. Information Gain is the difference 

between the original information requirement and the 

requirement obtained after partitioning the data set on X, 

where X is the attribute under consideration. Information Gain 

can be computed as follows: 

𝐼𝑛𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛 𝐺𝑎𝑖𝑛(𝑋) = 𝐸𝑛𝑡𝑟𝑜𝑝𝑦 𝑆 − 𝐸𝑛𝑡𝑟𝑜𝑝𝑦(𝑋)   (2) 
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This value tells how much can be gained by branching on 

attribute X [2]. The attribute X with the highest Information 

Gain is the splitting attribute.  

 

B. C4.5 

C4.5 is an algorithm used to generate a decision tree 

developed by Ross Quinlan. C4.5 is an extension of ID3 

algorithm. It makes use of Gain ratio which is computed as 

follows. 

𝐺𝑎𝑖𝑛 𝑅𝑎𝑡𝑖𝑜(𝑆, 𝑋) =
𝐼𝑛𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛  𝐺𝑎𝑖𝑛 (𝑋)

𝑆𝑝𝑙𝑖𝑡  𝐼𝑛𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛 (𝑆,𝑋)
   (3) 

where Split Information can be calculated as: 

𝑆𝑝𝑙𝑖𝑡 𝐼𝑛𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛 𝑆, 𝑋 = − 
|𝑆𝑖 |

|𝑆|

𝑦
𝑖=1 log2

|𝑆𝑖|

|𝑆|
  (4) 

Split Information represents the information generated by 

splitting the training set S into y partitions which correspond 

to the y results of a test on attribute X. Attribute X with the 

highest Gain ratio is selected as the splitting attribute. 

 

C. CART 

CART stands for Classification and Regression Trees 

(Breiman et al., 1984). CART constructs binary trees. Binary 

trees are characterized by the fact that there are exactly two 

outgoing branches for each node in the tree.  

CART makes use of Gini Index as an attribute selection to 

build the tree. 

Gini index is computed as follows: 

𝐺𝑖𝑛𝑖 𝐼𝑛𝑑𝑒𝑥 = 1 −   (𝑝 𝑖 )2   (5) 

Attribute with the minimum Gini index is the splitting 

attribute. 

 

D. CHAID 

CHAID stands for Chi Square Automatic Interaction Detector. 

CHAID can be used for prediction as well as classification. 

CHAID makes use of chi-square which is computed as 

follows: 

   (6) 

 

V. RESULTS 

When the decision tree algorithms were tested on 67 samples 

the following results were obtained. 

 

Table.2. Classification Matrix for ID3 

Predicted

→ 

Actual  ↓ 

Distinctio

n 

First Secon

d 

Pass Fai

l 

Distinction 25 5 0 0 0 

First 7 21 0 0 0 

Second 0 6 1 0 0 

Pass 0 0 1 0 0 

Fail 0 0 1 0 0 

 

Table.3. Classification Matrix for C4.5 

Predicted

→ 

Actual  ↓ 

Distinction First Second Pass Fail 

Distinction 24 6 0 0 0 

First 6 19 3 0 0 

Second 0 0 6 1 0 

Pass 0 0 1 0 0 

Fail 0 0 1 0 0 

Table.4. Classification Matrix forCART 

Predicted→ 

Actual  ↓ 

Distinction First Second Pass Fail 

Distinction 25 5 0 0 0 

First 7 16 5 0 0 

Second 0 1 6 0 0 

Pass 0 0 0 1 0 

Fail 0 0 0 1 0 

 

Table .5. Classification Matrix for CHAID 

Predicted→ 

Actual  ↓ 

Distinction First Second Pass Fail 

Distinction 25 5 0 0 0 

First 5 18 5 0 0 

Second 0 0 7 0 0 

Pass 0 0 0 1 0 

Fail 0 0 0 1 0 

Accuracy of the classifiers is shown in Table 6 and in Figure 3 

the classifier accuracy is shown in the form of a graph. 

 

Table.6. Classifiers Accuracy 

 Correct Incorrect Accuracy 

ID3 47 20 70.15% 

C4.5 49 18 73.13% 

CART 48 19 71.64% 

CHAID 

 

51 16 76.11% 

 

 
Figure.3. Classifier Accuracy 

 

VI. CONCLUSION 

 

In this paper decision tree classifiers are used to predict 

student’s performance. Decision tree classifiers produce easy 

to interpret classification rules. The accuracy of the classifiers 

was computed and it was shown that CHAID has the highest 

accuracy of 76.11% followed by C4.5 with 73.13%. These 

classifiers can be used to identify dropouts and weak students 

who need special tutoring. By doing so the quality of 

education of an institution can be improved. 

70.15%

73.13%

71.64%

76.11%

ID3 C4.5 CART CHAID
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