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Abstract: Machine Learning is an emerging research field
concerned with developing methods to answer uncommon
problems. There are many problems that can be answered with
Machine Learning method, one of them is on educational scope.
Many Educators right now cannot identify whether a certain
student is on the brink of failing or not. As a result, many college
students failed because the educators cannot help them. In this
paper, we present our user-friendly decision support tool made
from Machine Learning algorithm and to answer the problem we
focus, which is to prevent college student from failing by
providing educational agents necessary information and
predictions. Our objective is to know which machine learning
algorithm that can be used to predict the student’s performance
and to create a decision support tool that can be used by
educational agents so that educational agents can prevent student
from failing the course.
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I. INTRODUCTION
Lately, Business Intelligence (BI) topics has risen in IT
Executives league and the Business Intelligence software
product market continued to grow rapidly, even though the
macro-economic poses a great challenge to the market itself
[1]. There are many BI-related topics that contributed to the
BI-Software market growth, such as "Big Data".
Despite the increased demands for Business Intelligence
product is [2], the wider academic research community has
just known the topic, and until today Business Intelligence is
still fragmented and ambiguous. There are several differences
between contemporary Business Intelligence and the early
form of Decision Support System: First, they typically involve
systematic integration, aggregation, structured and
unstructured data management in pseudo 'real time' data
warehouses, which enable a new form of fact-based Decision
Support System (DSS) [4]. Second, BI solutions on this era
deals with very big and
increasing amount of data ('Big Data') and can rely on
more-modern processing capabilities and technology, which
can create a new opportunities of knowledge discovery (e.g.
data mining). Third, Business Intelligence grows from newly
discovered ways of data interrogation and
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information delivery.During the last decade, data mining
technique application become a very popular topics, enabling
the development of efficient and accurate models that can
predict student's academic performance. The researcher has
spent so much time for developing an efficient and accurate
prediction model for predicting the students‟ future academic
performance based on a classifier. There are so much
dedication from the researchers, but the development of such
prediction model is a very challenging task, given that the
technology to do such thing is very limited [5,6,7,10]. The
reason is that the dataset from this domain class distribution
are usually located in one class on most cases [8].
Many of the business decision in this era is based on the
information and predictions generated by system. This
system, known as Decision Support System (DSS), is
becoming a critical system in the business and educations
because of its abilities to predict the outcome of a decision
and provide accurate information based on provided data. The
ability to predict the outcome based on the available data
came from Machine Learning Classifier algorithm. Machine
Learning is a branch of Artificial Intelligence (AI) that
enables machines to perform and learn from their jobs by
using intelligent software and structured algorithm [9].
Statistics plays a very big role in Machine Learning algorithm
because it defines every Machine Learning Classifier
algorithm. Because Machine Learning algorithm requires
data, therefore each Machine Learning algorithm produces
different results on each case.In this research, we present the
analysis, design, and implementation of the Decision Support
tool for predicting student‟s performance in Algorithm and
Programming course. The purpose of this research is to know
which machine learning algorithm that can be used to predict
the student‟s performance and to create a decision support
tool that can be used by educational agents so that educational
agents can prevent student from failing the course.
II. LITERATURE REVIEW
2.1. Decision Support System
Decision Support System (DSS) is a computer software
system that helps decision maker to solve existing abnormal
problems by using previous data provided by them.
A Decision Support System is a computer-based system
that helps decision makers decide semi-structured and
unstructured problems through direct interaction.

2133

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

Machine Learning Technique Analysis and Applications for Predicting Student Performance
[12] There are several difference between Decision
Support System and Management Information system, since
Decision Support System is created to emphasis these issues:
First, to provide useful information to higher-level
management to support relatively unstructured decision
making activities. Second, to fuse models into the information
system software. Lastly, to provide the system's user with
powerful but simple languages for problem solving [13].
2.2. Supervised Machine Learning Techniques
Supervised machine learning is a special case of data
mining that concerns the process of predicting unknown
attribute values from a given set of known attributes values
[14]. For this purpose, many techniques and algorithms have
been developed based on artificial intelligence and statistics.
In the rest of this section, we present the popular classes of
classification algorithms, which include Linear Regression,
K-Nearest Neighbor (K-NN), Gaussian Naïve Bayes, and
Support Vector Machines.
A Bayesian network is a combination of direct acyclic
graphs of vertices and links and a set of conditional
probability tables. [15]. Each node in the graph is associated
with a feature whereby the links between nodes represent the
relationships between them and the strength of the links is
determined by conditional probability tables. More
analytically, each node in the network has an associated
probability table that describes the conditional probability
distribution of that node given its parents nodes. If a node has
one or more parents the probability distribution is a
conditional distribution, where the probability of each
attribute depends on the values of the parents while in case a
node has no parents the probability distribution is
unconditional. Using a suitable training method, one can
induce the structure of the Bayesian network from a given
training set [15]. The classifier based on this network and on
the given set of attributes X1, X2,…,Xn returns the label c
that maximizes the posterior probability p(c|X1, X2,...,Xn).
The K-Nearest Neighbors (KNN) are non-parametric, lazy
learning supervised learning method used for classification
and regression. The basic theory behind K-Nearest Neighbors
is that in the calibration dataset, it finds a group of k- amount
of samples that are nearest to unknown samples (e.g., based
on distance functions) [16]. From these k-amount of samples,
the label (class) of unknown samples are determined by
calculating the average of the response variables (i.e., the
class attributes of the k-nearest neighbors) [17].
The Support Vector Machines (SVM) are a group of
supervised learning methods established as part of the most
precise discriminatory methods used in classification. They
represent an extension to nonlinear models of the generalized
portrait algorithm of Vapnik [18] which is based on structural
risk minimization, an inductive principle of use in machine
learning. However, in most real-world problems there exists
no such hyperplane that successfully separates the instances in
the training set since they involve non-separable data.

performance at the final examinations. For this purpose, we
have adopted the Agile Methodology that consists of several
stages as illustrated in Figure 1:

Fig. 1. Agile Methodology diagram
There are 4 stages in this development cycle:
1. Planning Stage
In this stage, we plan how to collect the data, and how to
create the prototype.
2. Data Gathering and Data Analysis Stage
In this stage, we gather the necessary data, which is grade
data from 1st semester Information Technology student
who took Algorithm and Programming course. After
gather the data, we analyze the data to choose the
appropriate classifier and then test the selected classifier
to select the classifier that has the highest accuracy score.
3. Prototype Design and Implementation Stage
After we decided which classifier we used, we generate
the model by using the chosen classifier and then develop
the Decision Support tool.
4. Evaluation Stage
In this stage, we evaluate the prototype that we designed to
find feature that may be vital to the prototype.
2.4. Datasets
The data used in our study concerns about the student‟s
performance in Algorithm and Programming of the first year
of Information Technology department that is students of ages
17-19 years. The data have been collected by the university
during 2018-2019 and consists of 279 patterns. The attributes
concern information about the students‟ Online Quiz
performance and has value between 0 and 100, in accordance
with standard Indonesian education system.
Furthermore, the student score data were classified into two
classification: Passed or Not Passed that has been visualized
by Figure 2.

III. RESULT
2.3. Methodology
The aim of this study is to find the appropriate classifier and
develop Decision Support System for predicting the students‟
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Fig. 2. Class Distribution
2.5. Evaluation/Experimental result
Next, we conduct a series of tests in order to establish which
learning algorithm predicts the class “Pass” or “Not Pass” in
which a student belongs based on its grades on Algorithm and
Programming course. Thus, we have selected the popular and
frequently used classifier for each described machine learning
technique.
The first classifier that we used came from Naïve Bayes
algorithm family, the Gaussian Naïve Bayes. Gaussian Naïve
Bayes is a simple learning classifier that captures the
assumption that every attribute is independent from the rest of
the attributes, given the state of the class attribute. Since we
made assumption that each class is distributed to a normal
distribution (Gaussian distribution), we decided to use
Gaussian Naïve Bayes as our selected classifier. Logistic
Regression is one of regression analysis and used to model a
binary dependent variable, in this case are “Pass” or “Not
Pass”. The Linear Discriminant Analysis is quite similar to
Logistic Regression algorithm but enables to model many
classes. The K-Nearest Neighbours is a pattern recognition
classifier. Support-Vector Machine is an associated learning
classifier that can analyze data for classification and
regression. In order to minimize the effect of any expert bias
by not attempting to tune any of the algorithms to the specific
datasets we have utilized the default values of all learning
parameters.
To test each selected classifier, we used Scikit-learn from
Python Library as shown in Figure 3. First, we split the dataset
into 2: the training dataset and the testing dataset. The
Training dataset is used to create a learning model, and then
the Testing dataset is used to measure the accuracy rate of
each algorithm based on Training dataset. To split the dataset,
we used K-Fold Cross Validation Technique. K-Fold
Cross-Validation technique is a statistical method to evaluate
learning algorithms or classifiers by splitting the data into
k-size segments or folds. These segments will be used to train
and test several learning algorithms or classifiers with each
classifier have their own segments of data [19]. After split the
dataset, we input the selected classifier into an array variable,
and then we begin test each selected classifier. We use several
classifiers that has been stored into the array („models‟
variable) and then began train the data according the classifier
so that we don‟t waste much time train the data one-by-one
with several classifier. And then we print the result of our
classifier testing.
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Fig. 3. Code to Test Each Selected Algorithm
Table 1 summarizes the performance of each classifier,
measured by the percentage of patterns that were classified
correctly in the presented datasets.
Table-I: Classifier’s accuracy
Algorithms
Accuracy
Logistic Regression
92.9%
Linear Discriminant Analysis
94.1%
K-Nearest Neighbour
96%
Gaussian Naïve Bayes
93.7%
Support-Vector Machine
85.7%
Based on accuracy score from each classifier, K-Nearest
Neighbour has the highest accuracy, scoring 96% accuracy
from provided dataset.
2.6. Decision Support Tool
In this section, we present a prototype version of our
software support tool for predicting the students‟ performance
at Algorithm and Programming course (Figure 3). The tool
has been developed using HTML, Flask library and
Scikit-learn Python library. This tool uses our generated
model to help the application predict the future result from
input. To generate the model, we train the data with our
chosen classifier, which is K-Nearest Neighbor and then save
the outcome of data training into the model file. Flask Python
Library is used to host the website and become a bridge
between model data and the application.
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and Educators) to evaluate its usability. Moreover, since the
data we used to test each classifier came from 1st semester
Information Technology student at 2018/2019, another
direction for future research would be to collect data from
every subject on Information Technology course and apply
our methodology to predicting the students‟ graduation rate
on Information Technology course.
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