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Data mining is the process of extracting data into information that has not
previously been conveyed, with the right techniques the data mining process will
provide optimal results. Data Mining is divided into several methods. Data
classification is a process of finding the same properties in a set of objects in a
database and classifying them into different classes according to the defined
classification model. The purpose of classification is to find a model from the
training set that distinguishes attributes into the appropriate category or class, the
model is then used to classify attributes whose class has not been previously
known. The classification technique is divided into several techniques, one of
which is the Decision Tree. One of the existing approaches in the classification
technique is the C4.5 algorithm. The C4.5 algorithm is an approach in data
mining classification techniques that can predict students' final grades. The
variables used in analyzing the passing grades will be classified based on their
attributes. The C4.5 algorithm with the decision tree method can provide
predictive rule information to describe the process associated with analyzing
student passing grades. The characteristics of the classified data can be obtained
clearly, both in the form of a decision tree structure and rules so that in the testing
phase the RapidMiner software can help predict student passing grades. With the

formation of rules that can become new information that can be used as a tool in
analyzing student passing grades.
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1. Introduction

Data mining is an iterative process and requires human interaction in the process to find new patterns or
models that can be generalized for the future, and are useful if used to perform an action [1]. There are
several methods that can be used in data mining, namely Association Rule, Apriori, Roughset, K-Means,
C4.5 Algorithm and others. Data mining, often also called knowledge discovery in database (KDD), is an
activity that includes collecting, using historical and data to find regularities, patterns or relationships in large
data sets [2].

The C4.5 algorithm is one of the case-solving solutions that is often used to make decision trees in
solving problems in classification techniques that have characteristics, namely the process of determining the
entropy value and gain value. A study explains that the C4.5 algorithm is a classification technique using
entropy and information gain as a separator in the decision tree [3]. A study comparing the C4.5 algorithm
and the CART algorithm in classifying student scores explains that the C4.5 algorithm has a higher accuracy
value of 85.61% while the CART algorithm has an accuracy value of 84.95% [4]. In other studies, data
mining is implemented to measure student study period and obtained test results which explain that the error
rate in measuring student study period is only 5% [5].

STMIK Pelita Nusantara is an educational foundation that always follows the development of knowledge
and technology that can assist in making policies that support success, one of which is in the student learning
process. The success of student learning which has been identical to the value obtained can be the cause of
the student's enthusiasm for learning to decline so that he does not graduate on time due to having to repeat
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the failed grades. The success of student learning does not only come from internal factors but can also be
caused by external factors such as type of class, age, study time, failure in the previous class, school support,
family support, additional guidance, motivation for college, after-school activities, absenteeism, grades,
student problems. This of course can be overcome by making an approach in the form of predicting student
graduation scores based on external factors so that for students who are predicted to have failed grades,
universities can make policies that can overcome or minimize this situation.

Based on the problems faced, an approach will be carried out with a prediction technique using data
mining with the C4.5 algorithm to analyze student graduation scores. The sample used in this research is
active students who are sitting in semester VI. This study aims to produce a rule in the form of a decision tree
so that information about the passing grade will be obtained based on external factors and is expected to be a
tool for educational institutions to be able to make early policies regarding this problem.

2. Method

2.1 Knowledge Discovery in Database (KDD)

Apart from the understanding that has been explained in the background, data mining is also called
Knowledge Discovery in Database (KDD) is defined as the extraction of implicit and unknown potential
information from a set of data. The Knowlegde Discovery in Database process involves the results of the data
mining process (the process of extracting the tendency of a data pattern), then converting the results
accurately into easy information [10].

2.2 Data Mining

Data mining is the process of extracting data into information that has not previously been conveyed,
with the right techniques the data mining process will provide optimal results [12].
2.3 Classification

Data classification is a process of finding the same properties in a set of objects in a database and
classifying them into different classes according to a defined classification model. The purpose of
classification is to find a model from the training set that distinguishes attributes into the appropriate category
or class, the model is then used to classify attributes whose class has not been previously known. The
classification technique is divided into several techniques, one of which is a tree [13]. There are also those
who explain that classification is the process of finding a set of models that describe and differentiate data
classes. The purpose of classification is that the resulting model can be used to predict the class of data that
does not have a class label. If given a set of data consisting of several features and classes, then classification
is to find a model of that class as a function of other features [14].
2.4 CA4.5 Algorithm

The C4.5 algorithm or decision tree is a commonly used method for classifying data mining. As
previously explained, classification is a technique of finding a collection of patterns or functions that describe
and separate data classes from one another to declare the object to be in a certain category by looking at the
behavior and attributes of the defined group. This method is popular because it is able to classify as well as
show the relationship between attributes. Many algorithms can be used to build a decision tree, one of which
is the C4.5 algorithm. The C4.5 algorithm can handle both numeric and discrete data. The C4.5 algorithm
uses the gain ratio. Before calculating the gain ratio, it is necessary to calculate the information value in bits
from a collection of objects, using the concept of entropy [15].

3 Result and Discussion

3.1 Problem analysis

Analysis of student graduation scores is an activity that needs to be carried out by universities to be able
to find out the graduation scores of students as early as possible and if it is taken into account that there are
values that can interfere with the student administration process, it can be quickly addressed by making
supportive policies as a form of service to students. student. In order for these goals to work efficiently and
appropriately, suggestions are needed for an approach that can process past data, one of which is data mining.
Data mining will be used as a data processing tool that can be used as a reference in decision making.
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3.2 Data Mining Analysis in Analysis of Student Graduation Scores

The study used qualitative data from 100 students. After carrying out the stages in the KDD, the final
data that will be used as test data is obtained, namely as many as 16 student data with different patterns. From
this, it is obtained variables that become indicators in analyzing student graduation scores based on external
factors such as the Social Environment, Family Environment, Organizational Activeness and Work Status.
This study will provide information on external factors that affect the value obtained by students, which is the
input in this study is the condition experienced by students based on external factors that have been
determined and the achievement of the value obtained and the resulting output is external factors that affect
the value student.

Outputor the results in this study are divided into two categories, namely Passed and Failed. Based on
the resulting output, data mining with classification techniques is used because in this technique there are
categorical variables that will produce information:

a. Data Selectionnamely combining data from several sources.

b. Data Cleaningi.e. to get rid of inconsistent data and noise.

c. Data Transformationnamely transforming data into a form suitable for mining.

d. Data Miningi.e. essential process in which intelligent methods are used to extract data patterns, then
Pattern evolution to identify really interesting patterns which represent knowledge based on some
interesting actions.

e. Graphical User Interface (GUI)that is for End Users.

3.3 Application of C4.5 . Method

The design of the system that will be used in determining the external factors that affect the
achievement of student scores. The initial data that will be divided by class is in the form of numeric or non-
numeric to facilitate further analysis. After all the data to be processed is divided by class, then the
classification process will be carried out by forming a decision tree as the output.

The decision-making process to analyze student scores based on external factors is as follows:

Social environment
Family environment
Campus environment
Economic Status

e. Employment status
The categories that will be decided are Passed and Failed.

3.4 Process Algorithm C4.5

As explained above, the number of samples used is 16 and the variables used as external factors are 5
variables, so the final data format will be obtained as table 1.

cooTp

TABLE 1
Test Data
Social Family Campus Economic Status -
No - - . Decision
environment environment environment Status Work

1 Well Enough Low Not enough Tall Graduated
2 Enough Well Well Well Low Graduated
3 Enough Enough Well Not enough Low Not pass
4 Enough Enough Low Well Low Graduated
5 Enough Well Well Not enough Tall Graduated
6 Well Low Well Well Tall Graduated
7 Enough Low Low Not enough Low Not pass
8 Enough Well Well Not enough Low Graduated
9 Low Enough Low Well Low Not pass
10 Low Well Well Not enough Tall Not pass
11 Enough Low Well Not enough Low Not pass
12 Low Well Low Not enough Tall Not pass
13 Enough Enough Low Not enough Tall Graduated
14 Low Well Low Well Low Not pass
15 Enough Well Low Well Tall Graduated
16 Enough Enough Well Well Low Not pass
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From the attributes that have been grouped or classified, the final data format is obtained in table 5.1
above, for example data on the Social Environment whose assessment is divided into 3, namely Good,
Enough and Low as well as other attributes.

3.5 C4.5. Data Classification Algorithm

From the student test score data in table 5.1 above, the C4.5 algorithm data classification will be carried
out by making a decision tree. The cases listed in table 5.1 will make a decision tree to identify external
factors that affect the achievement of student passing grades. To select an attribute as the root, it is based on
the highest gain value of the existing attributes.

In making a decision tree, what must be done is to count the number of cases, the number of cases for
the decision "Pass" (S1), the number of cases for the decision "Not Passed" (S2) and cases that are divided
based on the attributes of the Social Environment, Family Environment, Campus Environment, Economic
Status, Employment Status, then the calculation of the gain for each attribute is carried out. The steps for
making a decision tree are:

Specifies the attribute as the root and calculates the value of the attribute gain information.

To select an attribute as the root, it is based on the highest gain value of the existing attributes. It takes the
Entropy value to determine the highest gain.

Calculating the Entropy Value of each attribute:
Entropy(Total) with the following formula:

Entropy(total) = log2 Pi— »;i* ; —Pi X 1)

8 8 8 8
E?lt‘?'ﬂp}’(fﬂta‘!) = _E* Eogz (E) + —E * Eogz (E) =1

Entropy(total) is to calculate the total score of Passed (8) and Failed (8) decisions, while 16 is the total
number of cases.
1.  Social Environment Attributes
To calculate the entropy of the Social Environment, it can be seen from table 5.1, the value of the
Passed Social Environment which has a value ofboth cases amounted to 2 cases and the Disqualified
Social Environment which had a good score was 0 cases with a total of 2 cases, here are the entropy of
each case:

2 2 0 0
Entropy(B) = | — 7 *log, (E) + |\ = E* logs (_) =0
6 6 4 4
Entropy(C) ={— 0" log, (E) + 10" log, (—0) = 0,97095

Entropy(R) = (—g *log, (g)) + (—%* leg, G)) =0

For the case of other variables do the same.
2. Family Environment Attributes

4 4 3 3
Entropy(B) = | —==log, (—) -7 log, (;) = 0.98523

3
Entropy(C) = ( —=log, |- ) ( —=*log, E )— 1
2 2
Entropy(R) = ( —xlog,|= ) ( 3" log, 5 ) 0.9183
3. Campus Environment Attrlbutes
4 4
Entropy(K) = (——* Eog2 ) ( . Eog2 8 )= 1
4 4
Entropy(B) = (——* Eo‘gr2 )+ ( 5" E::rg2 8 )— 1
4. Economic Status Attrlbute
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Entr R) = 4 I (4) > I (5) = 0.99108
ntropy(R) = { —g=log, g) |+ | —g~legz(5) | = 0
5.  Work Status Attribute

3 3 6 6
Entropy(R) = 5" log, (5) + 3" log, (5) =0.9183

5 5 2 2
Entropy(T) = 7 log, (;) + - log, (;) = 0.86312

Calculate the gain value of each attribute:
1. Gain(Total, Social Environment)
n |Social Environment, |
= Entropy(s) - Totall

1=1
1 (2 0) + (10 097095)+ (4 0) 039316
- 16 16 16 )T

2. Gain(Total, Family Environment)

* Entropy(Social Environment;,)

|Family Environment;|

= Ent?'opy(s) - erzl ITotall

* Entropy(Family Environment,)

16 16
3. Gain(Total, Campus Environment)
n |Campus Environment; |
= Entropy(S) — [Total|
=1

:1_((%*1)+(%*1))=0

4. Gain(Total, Economic Status)
n_|Economic Status;|
= Entropy(S) — |Total|
1=1

7 6 3
=1- ((E * 0.98523) + (—* l) + (—* 0.9183)) = 0.02178

* Entropy(Campus Environment,)

» Entropy(Economic Status;)

7 9
=1- ((E * 0.98523) + (E* 0.99108)) =0.01148

5. Gain(Total, Working Status)
n_|Working Status; |
= Entropy(S) — |Total|
1=1

* Entropy(Working Status;)

9 7
=1- ((E * 0.9183) + (E* 0.86312)) = 0.10584

After all the entropy and gain values of each attribute are calculated, then the results of these
calculations are entered into table 2.

TABLE 2
Node 1 . Calculation
Graduated
Node Number of Cases(S) (S1) Not Passed (S2) Entropy Gain
1 Total 16 8 8 1
Social environment 0.39316
Well 2 2 0 0
Enough 10 6 4 0.97095
Low 4 0 4 0
Family environment 0.02178
Well 7 4 3 0.98523
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Enough 6 3 3 1
Low 3 1 2 0.9183
Campus environment 0
Low 8 4 4 1
Tall 8 4 4 1
Economic Status 0.01148
Tall 7 4 3 0.98523
Low 9 4 5 0.99108
Employment status 0.10584
Low 9 3 6 0.9183
Tall 7 5 2 0.86312

From the calculations in the table5.2 it can be seen that the attribute with the highest gain is the Social
Environment with a value of 0.39316, then the attribute is used as the root node, where the low attribute
value can be said to be Disqualified. However, the Sufficient attribute value still needs to be calculated again,
the decision tree from the results of node 1 can be seen in Figure 1.

1
Social environment

Received Rejected
11

Figure 1. Decision Tree Calculation Results Node 1

Next, it will be solved to calculate Node 1.1 as the root, the same way as above by calculating the
entropy value of the remaining attributes, namely Family Environment, Campus Environment, Social Status,
and Work Status after entropy is calculated, then calculates the gain for each attribute. . And the final result is
obtained as follows:

Table 3.
Node Calculation 1.2
Node Accepted(S1)  Rejected(S2)  Entropy Gain

12 Vocational Test Enough 4 2 2 1
Parent's Income 1

Low 2 2 0 0

Tall 2 0 2 0
Dependent Parents 0

Tall 2 1 1 1

Low 2 1 1 1
Employment status 0.31128

Low 3 1 2 0.9183

Tall 1 1 0 0

The decision tree formed can be seen in Figure 2.
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1
Social
environment

4

r_ 9
Received

Rejected

1.1
Family
environment

Received Rejected

1.2
Economic Status

Received Rejected

Figure 2. Decision Tree Result of Node Calculation 1.2

The rules or rules formed based on the last decision tree as shown in Figure 2 above are as follows:

a. IF Social Environment = Good THEN Decision = Accepted

b. IF Social Environment = Enough AND Family Environment = Good THEN Decision = Accepted

c. IF Social Environment = Enough AND Family Environment = Enough AND Economic Status =
Low THEN Decision = Accepted

d. IF Social Environment = Enough AND Family Environment = Enough AND Economic Status =
High THEN Decision = Rejected

e. IF Social Environment = Enough AND Family Environment = Low THEN Decision = Rejected

f.  IF Social Environment = Low THEN Decision =Rejected

4  Conclusion

Based on the implementation of the research stages that have been carried out, the conclusion of this
study is that the C4.5 algorithm can be applied as a tool in analyzing student graduation scores based on
external factors, by applying the C4.5 algorithm in analyzing student graduation scores based on external
factors, it can help universities in making policies early if it is calculated that there are student graduation
scores that do not meet the specified requirements, the C4.5 algorithm can be a solution in solving problems
in analyzing student graduation scores based on external factors.
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