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This scholarly investigation delves into the strong desire for academic
scholarships within the student body, especially prominent among
socioeconomically disadvantaged individuals. The study aims to formulate a
hybrid data mining paradigm by synergizing the K-means and C4.5
methodologies. K-means is applied for clusterization, while C4.5 facilitates
prediction and decision tree instantiation. The research unfolds in sequential
phases, commencing with data input and progressing through meticulous pre-
processing, encompassing data selection, cleaning, and transformation. The
novelty lies in successfully integrating the K-means and C4.5 methodologies,
culminating in the hybrid data mining method. The dataset comprises 200
students seeking scholarships, revealing effective stratification into three
clusters—cluster 0, cluster 1, and cluster 2—with 119, 48, and 33 students,
respectively. The K-means method proves highly suitable, especially when
combined with C4.5, for predicting scholarship recipients. A subset of 81
students from clusters 1 and 2 undergoes predictive modeling using C4.5,
resulting in a commendable 85% accuracy, with 17 accurate forecasts and 3
minor inaccuracies. This research significantly enhances scholarship selection
efficiency, particularly benefiting socioeconomically disadvantaged students.

This is an open access article under the CC BY-SA license.

©00

Corresponding Author:

Halifia Hendri

Department of Computer System, Faculty of Computer Science, Universitas Putra Indonesia YPTK Padang
25221, Padang, West Sumatera, Indonesia

Email: halifia_hendri@upiyptk.ac.id

1. INTRODUCTION

A student requires various resources to fortify their educational journey, encompassing essential
requisites such as communication, internet access, transportation, sustenance, accommodation, literature, fees,
and sundry ancillary expenditures [1]-[4]. Foremost among the diverse expenditures necessitated by
educational pursuits are tuition fees [5]-[7], which students remit to their respective educational institutions.
These fees assume prominence as the most pivotal among the varied financial obligations incurred during the
pursuit of education. Significantly, the costliest echelon of education, namely tertiary education or college,
commands the highest average expense in comparison to other strata of educational attainment [8]-[11].
Universities frequently confer designations upon students, a practice accompanied by the requisite payment of
sundry fees to the educational institution of their enrollment. Scholarships, emanating from diverse sources
including governmental, commercial, and public institutions, albeit valuable, are constrained in their

availability [12]-[14].
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The process of extracting, aggregating, or mining crucial information from an extensive dataset is
commonly referred to as data mining [15]-[18]. This involves the application of statistical analysis
methodologies in data mining procedures and mathematical techniques, predominantly leveraging
advancements in artificial intelligence technologies [19]-[21]. Educational institutions employ a diverse array
of methodologies to identify and select individuals eligible for scholarships. While some individuals undertake
this task manually, others opt for computerized approaches. Numerous computer-based methods exist for
predicting potential scholarship recipients. Within the realm of computerization, a multitude of algorithms find
application, with two algorithms, namely the K-means algorithm [22], [23] and the C4.5 algorithm [24], [25],
standing out prominently, developed by researchers. The amalgamation of these two algorithms yields a more
precise predictive computation compared to the utilization of a single algorithm alone. The K-means Algorithm
functions to cluster student data into three distinct clusters. Subsequently, the researcher employs the C4.5
technique, a data mining process utilized to unveil data-driven forecasts or predictions.

Upon the completion of this study, the objective is to identify methodologies for anticipating or
predicting scholarship recipients, employing the K-means algorithm and C4.5 method, specifically tailored for
students of computer science. Situated in Padang, Universitas Putra Indonesia (UPI) under the auspices of
Computer College Foundation (YPTK) Padang stands as a distinguished and renowned private institution in
Indonesia, particularly within the West-Sumatra Province. The Faculty of Computer Science (FILKOM)
represents one of the faculties of computer science within the university. For this study, the data source
comprises students enrolled in the FILKOM at UPI YPTK Padang in the year 2022. Scholarships, including
the Student Study Assistance (BBM) scholarships and those available to class 1 and 2 winners, as well as the
Bidik Misi scholarships, are accessible within the FILKOM Faculty at UP1 YPTK Padang. These scholarships
are distributed equitably among qualifying students, necessitating a meticulous selection process to identify
eligible recipients. To facilitate this process, predictive measures utilizing data mining methodologies, such as
the C4.5 algorithm, become imperative. By employing such techniques, prospective students can gain insights
into the determining factors that influence their chances of securing a scholarship.

Previous research is done by Cordeiro de Amorim and Makarenkov [26]. In this research, they explore
the relationship between the average number of iterations K-means takes to converge and the structure of a
data set under study. They demonstrate that this number of iterations is related to the clustering quality and can
be used to identify irrelevant features in a given data set and improve the results of existing feature selection
algorithms. Additionally, the research shows that there is a strong relationship between the number of iterations
and the number of clusters in a data set, which can be used to find the true number of clusters it contains.
Overall, this research provides valuable insights into the use of k-means clustering for data analysis. The
novelty of this research lies in the demonstration of a previously unknown relationship between the average
number of iterations k-means takes to converge and the structure of a data set under study. This relationship
has important implications for data analysis, including identifying irrelevant features present in a given data
set and improving the results of existing feature selection algorithms. Additionally, the research shows that
there is a strong relationship between the number of iterations and the number of clusters in a data set, which
can be used to find the true number of clusters it contains. Overall, this research provides valuable insights into
the use of k-means clustering for data analysis.

Previous research also done by Nasyuha et al. [23]. The objective of this research was to manage
cosmetic products and find the right strategy to increase business in the field of sales and improve sales
services. The researchers used data mining algorithms, specifically the K-means clustering algorithm, to
analyze cosmetic product sales transactions and identify the best-selling products, products that are quite in
demand, and products that are not selling well. The novelty lies in using clustering techniques to analyze
sales transactions and identify products that are not selling well, thus preventing the accumulation of unsold
products. This approach can help cosmetic companies improve their sales strategies and increase profits.
Additionally, the research highlights the effectiveness of the K-means algorithm in solving grouping
problems and encourages further research in different product grouping cases.

Previous research also done by Wang and Gao [27]. They discuss research conducted on the C4.5
algorithm improvement strategy based on MapReduce. The authors explore the use of MapReduce to
improve the performance of the C4.5 algorithm and evaluate the effectiveness of this approach through
experiments. The article provides details on the methodology, results, and conclusions of the research. The
novelty of this research lies in the combination of the C4.5 decision tree algorithm with the MapReduce
parallel model in Hadoop platform. This approach allows the C4.5 algorithm to be executed in parallel,
which improves its efficiency and performance. The authors evaluate the effectiveness of this approach
through experiments and provide insights into the potential applications of this research in real-world
scenarios.
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2. METHOD
2.1. Research framework

The research framework serves as the primary guide in executing the research. It delineates the
sequential progression of the research from initiation to culmination. Figure 1 presented below illustrates the
comprehensive research framework employed in this study.
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Figure 1. Research framework

2.2. Research framework details

A research framework refers to the structure or outline used in the context of research to provide
direction, foundation, and boundaries for a research project. It serves as a guide for researchers in planning,
designing, and conducting their research in a structured and systematic manner. This research consists of four
steps: the first is input steps, followed by pre-processing steps, then processing steps, and finally, output steps,
which yield the knowledge gained. The first step of this research is the Input step. Input steps generally refer
to the process or sequence of actions involved in providing input to a system, program, or process. In the
context of computing and programming, input refers to the data or information supplied to a program or system
for processing. In this research, Input steps involve collecting data from scholarship applicants. We collect data
from all scholarship applicants obtained from the Vice Dean Il (WD IlI) of the Computer Science Faculty
(FILKOM) at UPI YPTK, Padang. The WD IlI provided extensive data for this study. Given the volume of
data received, we need to undertake pre-processing steps to ensure the best possible results.

The input data for this research has been obtained; however, not all the data required for the research
is available, and the existing data is not yet free from noise. Additionally, there are instances where the data
does not conform to the provided data format. Therefore, pre-processing the data is necessary before utilization.
This pre-processing stage is divided into three types: data selection, followed by data cleaning, and finally,
data transformation. Data selection involves the process of choosing and retrieving a subset of data from a
larger dataset for further analysis. The goal of data selection is to focus on relevant information and reduce the
volume of data to be processed, thereby making the analysis more efficient and effective. In this research, data
selection entails choosing only the crucial data needed for processing. The selected data fields include student
name, parents’ income (P1), cumulative index (GPA), and parents’ status (PS).

After obtaining the selected data, the next pre-processing step is data cleaning. Data cleaning refers to
the process of identifying and correcting errors or inconsistencies in datasets. It is a crucial step in the data pre-
processing phase of data mining. The goal of data cleaning is to improve the quality of the data, ensuring that
it is accurate, reliable, and suitable for analysis. In this research, after conducting data cleaning, we eliminated
20 rows of data, resulting in a cleaned dataset of 200 rows. This dataset represents a total of 200 data entries,
equivalent to 200 students. Following the data cleaning process, the next pre-processing step is data
transformation. Data transformation refers to the process of converting and modifying data into a suitable
format for analysis. This step is a part of the broader data pre-processing phase, where the goal is to prepare
the raw data for effective use by data mining algorithms. Data transformation involves various operations to
enhance the quality of the data and improve the performance of mining algorithms. In this research, after
completing the data transformation, we converted non-numeric data into numeric format. Specifically, the data
in the parents’ status (PS) field was transformed from "Have" and "Haven’t" into 1 or 0, respectively.

After obtaining the data transformation, the next step is processing data using a hybrid data mining
method. In this research, the hybrid data mining method combines clustering techniques, namely the K-means
method and C4.5 method [28]-[31]. This step involves organizing the data into clusters using the K-means
method. The algorithm for the K-means method is as follows [26], [32], [33]:

1) Regulate desired amount of data clusters that will be created, which is referred to as amount 'k.'

2) Randomly assign each mean (centroid value) pre-defined class.

3) ldentify the cluster center closest for each data point using value of centroid. To calculate it, employ
following algorithm:
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dguciigean (%, y) = v Z(xi - Yi)z 1)

where: dgycrigean (%, v) = €ach data row has a distance value and a centroid value, y; = y;, ¥2, V3, ....etc, x; =

X1, X2, X3, ... eLC,

4) Regulate nearest for each row of data, group (cluster) by comparing the closest distance value, acquired in
the preceding phase, as well as changing center value of group using the algorithm:

Cluter Center = ), % (2)

where: Cluster Center = The value of cluster center, a; = Each cluster's value, n = total clusters number.

5) Repeat steps 3-5 until no data is transferred from one group to another for each row of data.
After obtaining the results of clustering the data, the next step is to implement the C4.5 method. The
algorithm for the C4.5 method [27], [34], [35] is as follows:
1) ldentify the characteristics of the data to be employed as root nodes or predictors in decision tree, and tally
the occurrences each data row's YES and NO values.
2) ldentify branch stemming from given each value, the root subsequent to establishing the decision tree's
root. This is achieved by computing the Gain value. Gain is calculated as follows:

Gais(S, A)Entropy(S) — X 15l Entropy(S;) 3)

=l

where: Entropy(S;) = Entropy Value of each attribute, Gain(S,A) = The attribute's total gain value, n =
number of cluster, Entropy(S) = Entropy Value Total.
Entropi algorithm is:

Entropy(S) = Xi-, — pi * log, pi 4

Information: pi = proportion of S; for S, Entropy(S) = Entropy Value Total,
3) Cases should be separated on each existing branch.
4) Repeat steps 2-3 for until each branch in every branch case achieves same class.

The novelty inherent in this research lies in the successful integration of two distinct data mining
methodologies—namely, the K-means method and the C4.5 method—culminating in what is denoted as the
hybrid data mining method. Unlike prior studies that predominantly utilized a singular method [26], [27] or
amalgamated it with others [23], the innovation here resides in the fusion of the K-means and C4.5 methods.
Remarkably, this marks a departure from conventional approaches, where such a combination was not hitherto
explored by researchers. The confluence of the K-means and C4.5 methods proves particularly apt in the
context of predicting scholarship recipients within a university setting. The next step is then output steps or
result of this research that resulting the knowledge. Two kind knowledge that has been get in this research.
They are data clustered and decision tree.

3. RESULTS AND DISCUSSION

Based on the methods of this research, the first step is inputting data by collecting data. The data that
we collected is obtained from Vice Dean Il of the Computer Science Faculty at UPl YPTK Padang.
The collected input data is shown in Table 1.

Table 1. The input data

No BP Student name Place of Date of birth Parents income (PO) Cumulative Parents
Number birth (Rp/Mounth) index (GPA) status (PS)
1 17..027  Wahyudi Nasti Padang January 10, 2004 2,000,000 3.33 Have
2 18..007  Rizki Saputra Bukittinggi June 16, 2004 800,000 2.86 Haven’t
3 18..020  Reza Oktivani Padang March 4, 2004 1,000,000 3.87 Haven’t
220 17.444  Admel Brina Solok July 20, 2004 2,000,000 3.25 Have

Drawing upon the data presented in Table 1 above, it is observed that the initial dataset comprises
220 students who registered as scholarship recipients, featuring 8 data columns or fields. All of this data has
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been meticulously collected and entered into the established system. Notably, not all collected data is
employed in this research. The acquired data undergoes a comprehensive pre-processing procedure, with the
initial step being data selection. The resulting dataset post data selection in this research is delineated in
Table 2.

Table 2. The data selection

No Student name Parents income (PO) Cumulative Parents
(Rp/Mounth) index (GPA) status (PS)
1 Wahyudi Nasti 2,000,000 3.33 Have
2 Rizki Saputra 800,000 2.86 Haven’t
3 Reza Oktivani 1,000,000 3.87 Haven’t
220  Admel Brina 2,000,000 3.25 Have

Derived from the data presented in Table 2 above, it is discernible that data selection was executed on
three data columns—specifically, BP Number, Place of Birth, and Date of Birth data. This action was
undertaken as these three columns were deemed unnecessary for the analysis in this research, resulting in a
dataset with four remaining columns. Notably, this research does not incorporate the entirety of the data
selected due to its unclean nature, which still contains noise. Consequently, the subsequent step in the
preprocessing phase is data cleaning. The resultant dataset post data cleaning in this research is elucidated in
Table 3.

Table 3. The data cleaned

No Student name Parents income (PI) _Cumulative Parents
(Rp/Mounth) index (GPA) status (PS)
1 Wahyudi Nasti 2,000,000 3.33 Have
2 Rizki Saputra 800,000 2.86 Haven’t
3 Reza Oktivani 1,000,000 3.87 Haven’t
200  Fauzan Satria 1,200,000 3.35 Have

Drawing insights from Table 3, it is evident that 20 rows of data have been omitted. This action is
undertaken as part of the pre-processing data cleaning, which involves the removal of duplicate, inconsistent,
and redundant data. The resultant dataset post data cleaning in this research is explicated in Table 4.

Table 4. The data transformation

No Student name Parents income (PI) Cumulative Parents
(Rp/Mounth) index (GPA) status (PS)
1 Wahyudi Nasti 2,000,000 3.33 1
2 Rizki Saputra 800,000 2.86 0
3 Reza Oktivani 1,000,000 3.87 0
200  Fauzan Satria 1,200,000 3.35 1

Derived from the data presented in Table 4 above, it is observable that the data, previously not
formatted in numerical representation, has now been converted into a numerical format. The transformed data
pertains to the parental status (PS) variable. In this transformation, if a student has both parents or one of them,
it is denoted by the status 1; conversely, if both parents are absent, the status is represented as 0. Subsequent
to the completion of the pre-processing procedure, the next step in the hybrid data mining process involves
initiating clusterization through the utilization of the K-means method. The number of clusters in this research
is set to 3, with a fixed value of centroids as seen in Table 5. The outcomes of the data clusterization are
depicted in Figure 2 and expounded upon in Table 5.

Derived from Figure 2, the outcomes of data clusterization are unequivocally discernible. The blue
dots denote the data situated within Cluster 0, while the red dots meticulously signify the data within Cluster
2, and the light green dots denote the data situated within Cluster 1. The black dots correspond precisely to the
centroid values of the data within their respective clusters. Concretely, Cluster 0 is comprised of 119 data
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points, represented by blue dots, whereas Cluster 2 encompasses 48 data points, symbolized by red dots, and
Cluster 1 comprises 33 data points, represented by light green dots.

Based on Table 5 above, in this research, we use two types of data clusters to predict students who
will receive scholarships, namely data included in Cluster 1 and those included in Cluster 2. This is done
because the data in Clusters 1 and 2 are students with parental income below Rp3,300,000 every month. The
number of data with members in Cluster 1 and Cluster 2 is 81 students. To implement the C4.5 method, we
need to add one more column to the right of the last column, namely "Have Received a Scholarship," with the
answer being either "Yes" or "No." In Table 6, we can review the data with the additional column.
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Figure 2. Result of data clusterization

Table 5. The centroid value and member of cluster data

Parents income (PI) Cumulative Parents
No Student name (Rp/Mounth) index (GPA) status (PS) Cluster
1 Wahyudi Nasti 2,000,000 3.33 1 0
2 Rizki Saputra 800,000 2.86 0 2
3 Reza Oktivani 1,000,000 3.87 0 1
200  Fauzan Satria 1,200,000 3.35 1 0
Centroid 1 4,900,000 4.00 1
Centroid 2 2,850,000 3.34 1
Centroid 3 1,200,000 2.55 0
Table 6. The Table use to C4.5 method
Parents income (PI) Cumulative index Parents status Have received a
No  Studentname (Rp/Mounth) (GPA) s) Cluster scholarship
1  Rizki Saputra 800,000 2.86 0 2 Yes
2 Reza Oktivani 1,000,000 3.87 0 1 Yes
3 Annisa Meiza 2,900,000 3.55 1 2 No
81  Syahrul Furgan 2,500,000 3.60 1 1 Yes

After adding one column of data, the research continues with the C4.5 method to predict which
students will receive a scholarship and create a decision tree. The data with members of Cluster 1 and Cluster
2, totaling 81 students, is divided into two types of data: training data and testing data. We determined training
data as 61 data, covering rows 1 to 61, and testing data as 20 data, covering rows 62 to 81. Table 7 shows the
training data and the testing data. The columns PI, GPA, and PS serve as the features columns, and the column
HRS serves as the label column. Based on the data in Table 7, we then processed the data using the C4.5
method. Figure 3 shows the decision tree and prediction “Yes” and “No” students will get scholarship orwill
not get scholarship from testing data.
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Table 7. The trainning data and testing data

The trainning data

No Student name Parents income (PI) Cumulative Parents Have received a
(Rp/Mounth) index (GPA) status (PS)  scholarship (HRS)
1 Rizki Saputra 800,000 2.86 0 Yes
2 Reza Oktivani 1,000,000 3.87 0 Yes
3 Annisa Meiza 2,900,000 3.55 1 No
61  Aditio Donera 2,200,000 3.50 1 No
62  Engli Saputra 2,900,000 2.95 1 Yes
63 Dhea Yolanda 3,150,000 3.20 1 Yes
64 Rahmat Ikhsan 2,850,000 2.85 0 No
81  Syahrul Furgan 2,500,000 3.60 1 Yes
Pl <= 2985000.0
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samples = 81 I:'
value = [58, 23]
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True False
Y g
PS <=05 GPA <=2.84
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4. CONCLUSION
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Figure 3. Decision tree

The research yields pivotal conclusions. Firstly, data designated for clustering must adhere to the

numerical array format for successful processing. The C4.5 method requires bifurcation into training and
testing datasets, each comprising features and label columns. The dataset encompasses 200 students competing
for scholarships, revealing nuanced stratification into three clusters—cluster 0, cluster 1, and cluster 2—with
119, 48, and 33 members, respectively. Further analysis involves subjecting 81 instances from clusters 1 and
2 to C4.5 for predictive modeling. The dataset is divided into a training set of 61 instances and a testing set of
20 instances. The outcomes highlight the model's efficacy, with 17 accurate forecasts and a marginal
discrepancy of 3 inaccuracies, achieving an 85% accuracy. The novelty lies in integrating the K-means and
C4.5 methods, forming the hybrid data mining method. This research is crucial for a university in predicting
scholarship recipients, benefiting stakeholders such as the vice dean I11. The challenge lies in determining the
most appropriate criteria as indicators for predicting scholarship recipients.
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