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The government provides financial assistance, educational opportunities, and
expands access for students from poor or vulnerable families through the Smart
Indonesia Program (PIP). At Madrasah Ibtidaiyah Negeri 20 Bireuen, the selection
process for underprivileged students is still carried out manually by homeroom
teachers by collecting data on students and their parents. This study aims to design,
implement, and evaluate a classification method using the Backpropagation Neural
Network to determine the eligibility of PIP scholarship recipients. The dataset
consists of 309 entries, comprising 217 training data and 92 testing data, collected
from MIN 20 Bireuen students between 2021 and 2023. The attributes used include
father's occupation, mother's occupation, father's income, mother's income, number
of dependents, number of vehicles, home ownership status, and card ownership
status. Prior to training, the data were normalized using Min-Max scaling. The model
was built with one hidden layer using a hard-limit activation function and a learning
rate of 0.01. The classification results are categorized as "Eligible" and "Not
Eligible". The model achieved an accuracy of 98%, precision of 100%, recall of 95%,

and F1-score of 97%.

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

I. INTRODUCTION

In Law No. 20 of 2003 concerning the national education
system, it has been regulated regarding the direction and
method of implementing national education which contains
the goals and functions of education in Indonesia. With the
goals and functions of education that have been outlined in
the law, the direction of education can be clearly seen that
education in Indonesia aims to prepare a better generation of
the nation [1]. Education is all learning knowledge that occurs
throughout life in all places and situations that have a positive
influence on the growth of each individual creature [2]. In this
study it can be concluded that education can increase
resources. With education that functions as a means and
facility, it can develop and guide towards a better life, not only
for oneself but also for others. Therefore, education must be
organized as well as possible in order to produce a quality
young generation in welcoming and facing the development
of the era in the global era [3].

In the study it was stated that the Indonesia Pintar Program
is an assistance fund given to students in the form of money
which aims to ease the burden and help with the needs of the
education process, especially for students who come from
underprivileged or high-achieving families [4]. The Indonesia
Smart Program is a government initiative to improve access
and quality of education, especially at the primary level, by
providing financial support to students based on certain

criteria [5]. In the processing of data for determining
prospective PIP scholarship recipients with the application of
Data Mining in the information system, it can be used for
processing data on PIP scholarship recipient participants.
Because it will produce a more accurate accuracy value so that
PIP scholarship recipients are right on target [6].

Poverty is included in the social problems that occur
because the basic rights of poor people are not fulfilled to
maintain and fulfill their lives. Everyone has the right and
responsibility to have a good job. Therefore, this study will
focus on people who cannot or do not want to work [7][8].
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Poverty is caused by various factors, namely: status as the
youngest child, living close to parents and caring for parents,
no side business, low salary, long working hours, not
interested in the work being done, low level of education, low
economic status of parents, not persistent and not skilled [9].

Backpropagation for classification is quite effective, the
level of accuracy in classifying phishing websites with the
backpropagation algorithm provides a better level of accuracy
compared to ELM where the prediction results on the testing
set produced by the backpropagation algorithm [10].
Backpropagation has been proven to have a very good level
of accuracy in performing classification [11]. The
Backpropagation Neural Network (BPNN) was chosen in this
study due to its capability to capture complex nonlinear
patterns within data. Although the dataset size is relatively
small, BPNN has been shown in prior studies to perform well
for classification tasks involving socioeconomic attributes,
such as eligibility determination for scholarship programs.
Artificial neural network (ANN) is widely used in the field of
optimization and classification. Backpropagation is utilized as
a training method for neural networks with multiple layer

[12]. Neurons in neigh-boring layers are connected, but
neurons in every layer are not continuous. A BPNN
canaccurately represent any continuous function  [13].
Backpropagation is a gradient reduction method to minimize
the squared output error. There are three stages that must be
done in network training, namely the forward propagation
phase, backpropagation, and weight and bias changes. The
network architecture consists of an input layer, a hidden layer,
and an output layer.

Data mining is a science that is used to handle the problem
of retrieving information from large databases by combining
techniques from statistics, machine learning, data
visualization, pattern recognition, and databases. The goal of
data mining is to intelligently extract information from a data
set and then transform the information into a structure that can
be understood for further use [14]. The successful
development, implementation, and management of
data mining projects in such organisations requiresa
structured and repeatable approach [15]. According to [16]
Data mining is a method used to extract hidden predictive
information in databases, this is a very potential technology
for companies in empowering data warehouses.

Classification according to [17] is a job of assessing data
objects to include them in a certain class from the number of
available classes. Classification builds a model based on
existing training data, then uses the model to classify on new
data. In order to develop an specific, research is required to
investigate what should be the minimum impairment criteria
[18]. Classification can be defined as a job that performs
training or learning on a target function that maps each set of
attributes to a single number of available class labels.

Il. METHOD

Research steps use the waterfall method. Each step is
arranged sequentially and systematically from start to finish

to ensure that the system development process runs in a
structured and logical manner. All of these methodological
stages will be presented in Figure 1 below.
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Figure 1 Research Step

Figure 1 shows the steps of the research methodology
which begin with literature review, data collection, system
needs analysis, system design, implementation, and system
testing.

A. System Scheme Backpropagation

The Backpropagation Algorithm is an algorithm that
functions to reduce the error rate by adjusting the weight
based on the desired output and target [19]. It operates
through an iterative learning process, where the weights in the
neural network are updated in response to the error produced
in the output layer. The main goal is to minimize this error by
propagating it backward through the network and calculating
gradients for each weight. Backpropagation allows the
network to learn from mistakes and progressively improve its
predictions over time.The system scheme is illustrated in
Figure 2.

Figure 2 illustrates how Backpropagation processes input
through a network to produce output, compares it with the
target, and adjusts weights based on the error gradient to
minimize future errors. The BPNN consists of three layers:
input, hidden, and output. The input layer transmits signals to
the hidden layer, while computations involving weights,
biases, and activation functions occur in the hidden and output
layers [20]. In this study, the Backpropagation model was
built with 8 input nodes representing student socioeconomic
attributes. The network architecture includes 1 hidden layer
and 1 output node. The activation function used is hard-limit.
Before training, the data were normalized using Min-Max
Scaling to ensure all numerical attributes were on the same
scale.
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Figure 2 System Scheme Backpropagation

The normalization process used the following formula:

. . data asli-min
Normalisasi = ————

max-min (l)

This process was applied to features such as parents’
income, number of dependents, and number of vehicles, both
in the training and testing datasets, to improve model
performance and training convergence.

B. Indonesian Smart Program

The Indonesia Smart Program (PIP) is an enhancement of
the previous Poor Student Assistance (BSM) program, aimed
at supporting students from underprivileged families. PIP
recipients include holders of the Prosperous Family Card
(KKS), participants of the Family Hope Program (PKH),
persons with disabilities, orphans, and victims of disasters.
They receive the Indonesia Smart Card (KIP) as proof of
eligibility for the assistance. [21].

The system scheme is illustrated in Figure 3.

Student Data Input %‘

Classification of recipient
data with
Backpropagation

PIP recipient
criteria

Figure 3 Scheme Smart Indonesian Program

Figure 3 explains the process of the Indonesia Smart
program, starting with inputting student data, followed by
classification using the backpropagation method. After that,
the system will process the eligibility criteria and then output
the results of students who are eligible to receive PIP. If the
criteria entered do not match the data that has been input, the
system will return to the data input section.

I11. RESULT AND DISCUSSION

System design is the process of creating a system that
serves as a clear and comprehensive representation or plan to
meet users’ needs. The system id designed using UML
(unified Modeling Language) as a depicition of the system
processes, making the system’s operation clearer and easier to
implement in programming.

A. Manual Calculation of the Backpropagation Method

In this system, there are several criteria used for
assessment, namely: father’s occupation, mother’s
occupation, father’s income, mother’s income, number of
dependents, number of vehicles, home ownership status, card
ownership status. Can be seen in table 1.

TABLE |
CRITERIA ASSESMENT
Criteria Code

Father’s occupation x1
Mother’s occupation X2
Father’s income x3
Mother’s income x4
Number of dependents x5
Number of vehicles x6
Home ownership status X7
Card ownership status x8
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TABLE Il

INIZIALITATION STUDENT NAME

Student Name Code
Juwita Aprilia Al
Kanzul Akbar A2
Khiara Arnita A3
Muhammad Alif A4
Muhammad Ouzan A5
M Zayyan A6
Raisya Mulya A A7
Syafira A8
Ummi Yati A9
Zazila Azza Al10

Test data functions to provide an overview of how well the
created model can generalize and perform effectively on
previously unseen data. The test data in the PIP classification
system can be seen in the following table 3.

TABLE 11l
DATA TESTING
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The next step is to determine the minimum and maximum
values of the data attributes obtained from the values of each
cell/column, then perform normalization of the testing data.
The results of the normalization of the testing data can be seen
in table 4.

TABLE IV
RESULT NORMALIZATION DATA TESTING

x1 X2 X3 x4 x5 X6 X7 8x

Al [ 011 | 089 | 0,25 | 0.88 | 0,00 | 0,25 | 1,00 | 0,00
A2 [ 011|089 [ 025 ] 088 ] 000 025 1,00 [ 0,00
A3 | 011 [ 089 | 0,25 | 0,88 | 0,00 | 0,25 | 1,00 | 0,00
A4 | 078 | 089 ]| 088 | 088 | 033 | 000 | 1,00 | 1,00
A5 | 078 | 0,89 | 0,50 | 0,88 | 0,67 | 0,25 | 1,00 | 1,00
A6 | 078 | 0,89 | 0,75 | 0,88 | 0,67 | 0,00 | 1,00 | 1,00
A7 | 078 | 100 | 0,75 | 1,00 | 0,67 | 0,00 | 1,00 | 1,00
A8 | 011 [ 089 | 0,25 | 088 | 000 | 0,25 | 1,00 | 0,00
A9 |0,781|089]|088]|088]|0,33]|0,00 | 1,00 1,00

Al0 | 0,11 | 0,89 | 0,25 | 0,88 | 0,00 | 0,00 | 1,00 | 1,00

The next stage is to determine the learning rate (which
ranges from 0 to 1) at 0.01, then initialize the weights and
biases of the first data with small numbers. The results of the
analysis of weights and biases can be seen in the following
table 5.

TABLE V

INITIALIZE WEIGHTS AND BIASES
wil 0,032
w2 0,0023
w3 -0,02
w4 -0,006
w5 -0,003
w6 -0,008
w7 -0,006
w8 0,03

b 0

In the feedforward phase, all outputs in the hidden layer
units will be computed using the formula:
Y=b+x1l.wl+x2.w2+ -+ x,.w, )

Next, we calculate the output in the output layer using the

binary activation function (hard limit), output layer
calculation result can be seen in table 6 :
0,jikao <0
y() = {1,jika 0>0 ®)
TABLE VI
OUTPUT LAYER CALCULATION RESULTS
Code » 0]
Al -0,0127 0
A2 -0,0127 0
A3 -0,0127 0
Ad 0,0272 1
Ab 0,0317 1
A6 0,0287 1
A7 0,0282 1
A8 -0,0127 0
A9 0,0272 1
Al10 -0,0107 0

In the table above are the results of the output layer
calculations where Y is the result of summing all outputs from
the hidden layer units and o is the value such that if ) is
greater than or equal to 0, o equals 1, and if Y’ is less than 0, o
equals 0. Then, the error in the hidden layer is calculated using
the formula:

e=y—o 4)

The table below shows the results of the error calculation
in the hidden layer where y represents the initial class, o is the
calculated output layer result, and the error is the result of y
— 0. Result of calculating the erroe in the Hidden Layer can
be seen in table 7.

TABLE VII
RESULT OF CALCULATING THE ERROR IN THE HIDDEN LAYER
Code y 0 error
Al 0 0 0
A2 0 0 0
A3 0 0 0
Ad 1 1 0
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The next stage is the weight update phase to update the new
weights and biases. Then, the final results of the
backpropagation classification method will be obtained. The
results can be seen in Table 8.

TABLE VIII
RESULTS OF CLASSIFICATION USING THE BACKPROPAGATION METHOD

Code > 0 Result
Al -0,0127 0 Not Eligible
A2 -0,0127 0 Not Eligible
A3 -0,0127 0 Not Eligible
Ad 0,0272 1 Eligible
A5 0,0317 1 Eligible
A6 0,0287 1 Eligible
A7 0,0282 1 Eligible
A8 -0,0127 0 Not Eligible
A9 0,0272 1 Eligible
Al0 -0,0107 0 Not Eligible

B. System Implementation

The purpose of this test page is to assess the accuracy of
the model that has been trained using the backpropagation
algorithm, by providing test data input and observing the
model's prediction results, comparing the predicted results
with the target data (ground truth), as well as evaluating the
model's performance such as accuracy level, error (MSE,
RMSE, etc.).

Hilsi Metrik Nilsi

Figure 4 Testing Page

Figure 4 shows the results of the testing such as false
positives (FP), false negatives (FN), true positives (TP), true
negatives (TN), accuracy, recall, precision, and f1-score. This
page is used after the model has finished training, when you
want to see how well the model performs on new data, and for
demonstration, presentation, or system validation purposes.

Nol  Nama X1 X X X5 X6 X1 X I oM ©

Figure 5 Continuation of the test page

Figure 5 shows the calculation results of Target (y) and
Prediction (0) to produce the expected outcome.

TABLE IX
CONFUSION MATRIX

_ Actual Eligible Actual Not Eligible
n= 92 0)
Predicte(ci)EIigible TP =137 EP=0
Predicted Not _ _
Eligible (0) FN=2 TN =53
53

Confusion Matrix Diagram

mTP
mTN
Fe
FN
Figure 6. Diagram Confusion Matrix
TABLE X
MODEL EVALUATION CONFUSION MATRIX
Metric Formula Calculation Result
(TP+TN)/
Accuracy | (TP+TN+ (3;70‘“ fg)) ! (gg /+923 98%
FP + FN) -
. TP/(TP + 37/(37+0)=37/
Precision FP) 37 100%
TP/(TP + 37/(37+2)=37/ 0
Recall FN) 39 95%
2 X
(Precision x 2 x(1.00 x 0.95) /
F1-Score Recall) / (1.00+0.95) =19/ 97%
(Precision + 1.95
Recall)
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Figure 6. Evaluation Results

IVV. CONCLUSION

A web-based system built with PHP has been successfully
developed to classify the eligibility of recipients of the
Indonesia Smart Program using the Backpropagation Neural
Network method, with classification results consisting of two
categories: Eligible and Not Eligible. The testing results
conducted using the Backpropagation method on 92 test data
yielded a true positive rate of 37, a false positive rate of 0, a
true negative rate of 53, and a false negative rate of 2. Based
on the testing results for determining the eligibility of
recipients of the Indonesia Smart Program (PIP) using the
Backpropagation method, there is a 98 percent accuracy rate.
However, since the dataset only consists of 309 records, there
is a risk of overfitting when using neural networks. In future
research, cross-validation techniques such as k-fold cross
validation should be implemented to improve the model's
generalization and to mitigate the risk of overfitting. A web-
based system built with PHP has been successfully developed
to classify the eligibility of recipients of the Indonesia Smart
Program using the Backpropagation Neural Network method,
with classification results consisting of two categories:
Eligible and Not Eligible.
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