IEEE.org  |EEE Xplore  IEEE SA  IEEE Spectrum  More Sites SUBSCRIBE

Cart Welcome Susana Limanto ~ @Sign Out

Browse v My Settings v Help v Institutional Sign In

Institutional Sign In

All

Conferences > 2022 10th International Confe... 9

A Two-Stage Early Prediction Model to Monitor the
Students' Academic Progress

Publisher: IEEE

<< Results

Cite This PDF

Susana Limanto ; Joko Lianto Buliali ; Ahmad Saikhu  All Authors

30
Full
Text Views

Abstract

Document
Sections

I. Introduction

Literature
Review

Research
Method

IV. Results and
Discussions

V. Conclusion

Authors

Figures

References

Keywords

Metrics

More Like This

Abstract:The high dropout rate and the low percentage of undergraduate
students who graduate on time are some of the problems at higher education
institutions. Various research ha... View more

» Metadata

Abstract:

The high dropout rate and the low percentage of undergraduate students who
graduate on time are some of the problems at higher education institutions.
Various research has been conducted to overcome these problems, one of
which is predicting student performance. Predicted results of academic
performance at the beginning of the class can be used as an early warning for
undergraduate students and lecturers to take the necessary actions to succeed
well at the end of the semester. However, not all significant predictor variables
can be obtained at the beginning of the class. The purpose of this research is to
develop a two-stage prediction model to determine the passing of each student
from the courses undertaken. The first stage of the prediction model was
developed at the beginning of the class while the second was developed at the
end of the eighth week by adding two predictor variables, namely mid-term test
score and the number of presence in class. Four different methods are used:
Decision Tree (able to generate rule that are easy to interpret), Random Forest
(able to handle high dimensional data), Support Vector Machine (able to
eliminate overfitting problem), and Logistic Regression (able to make good
prediction of success in a course. In testing, all performance measures of
Logistic Regression method were superior to other methods both in the first and
second stages. It is also seen that the addition of predictor variables was able to
increase the performance measures of all prediction models by up to 7%.
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I. Introduction

The quality of a higher education can be measured by the
percentage of students who graduate on time and dropout rates
[1]1, [2]. Usually, the higher the percentage of students who
graduate on time and the lower the dropout rate, the better the
quality of the higher-e ioni i udents. The
quality of the higher eSigratioto caondiffiect Reading:
community so thati fmpact on people's interest in
studying at the higher education [1]. Therefore, until now the
dropout rate and the percentage of students graduating on time
have become one of the main concerns in various higher
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Greetings from the General Chair

On behalf of the Organizing and Program Committees, we cordially invite you to the 10th
International Conference on Information and Communication Technology (ICoICT) 2022, held on
August 2-3, 2022. The 10th ICoICT 2022 is co-organized by Telkom University Indonesia, Multimedia
University Malaysia, and Universitas Gadjah Mada Indonesia, in collaboration with the IEEE Indonesia
Section and IEEE Signal Processing Society Chapter. Previous ICOICT conferences have successfully
acted as a venue for bringing together various people from academia and industry to exchange and
present the most recent challenges and advancements in information and communication technology
(ICT). Papers from the preceding ICoICT 2013 - 2021 have been published in IEEE Xplore and are
indexed in Scopus.

ICoICT 2013: http://ieeexplore.ieee.org/xpl/mostRecentlssue.jsp?punumber=6569393
ICoICT 2014: http://ieeexplore.ieee.org/xpl/mostRecentlssue.jsp?punumber=6908150
ICoICT 2015: http://ieeexplore.ieee.org/xpl/mostRecentlssue.jsp?punumber=7203317
ICoICT 2016: http://ieeexplore.ieee.org/xpl/mostRecentlssue.jsp?punumber=7565234
ICoICT 2017: http://ieeexplore.ieee.org/xpl/mostRecentlssue.jsp?punumber=8054654
ICoICT 2018: https://ieeexplore.ieee.org/xpl/mostRecentlssue.jsp?punumber=8509820
ICoICT 2019: https://ieeexplore.ieee.org/xpl/conhome/8825728/proceeding

ICoICT 2020: https://ieeexplore.ieee.org/xpl/conhome/9162155/proceeding

ICoICT 2021: https://ieeexplore.ieee.org/xpl/conhome/9527366/proceeding

The technical agenda for the 10th ICoICT 2022 includes five keynotes, three tutorials, and sixteen
parallel sessions of five tracks on "Intelligent and Autonomous E-services toward a Hybrid Interaction
Era".

In this event, a competition for the Best Paper Award is organized. The 10th ICoICT 2022 had 190
paper submissions from eighteen nations, of which ninety-four were accepted - 49.2% of the
acceptance rate. All submitted papers have a rigorous peer-review procedure that assesses their
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importance, originality, and technical excellence. At least three professional reviewers independently
examined each paper.

The 10th ICoICT 2022 is conducted virtually from the Telkom University campus. The organizing team
has labored diligently to design a virtual conference that will be beneficial and interesting for both
presenters and attendees. The conference format combines pre-recorded and asynchronous
participation with Question-and-Answer (Q&A) and live video conversations.

Colleagues, friends, and organizations have collaborated to arrange the 10th ICoICT 2022 conference.
We would like to thank everyone who has participated and supported our efforts in a variety of ways,
as well as everyone who helped make this event feasible and successful. We also would like to express
our gratitude to the Indonesian Ministry of Education, Culture, Research, and Technology, Bank
Indonesia, and Yayasan Pendidikan Telkom, for entrusting their support to the ICoICT 2022 event.
Also, the members of the Organizing Committee and Technical Committee, as well as our Telkom
University colleagues, for their assistance with the organization and execution of this conference. We
also want to express our appreciation to the reviewers who labored so diligently in evaluating the
articles and making ideas for their enhancement. We extend our heartfelt appreciation to the Keynote
and Tutorial Speakers. Lastly, we would like to acknowledge our gratefulness to the authors who have
submitted their wonderful papers to this conference, as well as to all the attendees. We appreciate
your virtual participation in the 10th ICoICT 2022 conference. We hope that the keynote talks,
technical workshops, and parallel sessions stimulate your future research and provide you with an
enjoyable experience.

The 10th International Conference on Information and Communication Technology (ICoICT) 2022
Important Dates:

Call for Paper: November 01, 2021

Paper Submission Deadline: January 7, 2022

Notification of Papers Acceptance: February 15, 2022

Paper Submission Deadline Round 2: April 10, 2022

Paper Submission Deadline Final Round: May 8, 2022

Notification of Papers Acceptance: June 11, 2022

Submission of Camera-Ready Papers and Author Registration Deadline: June 25, 2022
Conference Date: August 02-03, 2022

Dr. Vera Suryani



General Chair ICoICT 2022

2022 10th International Conference on Information and Communication
Ad Technology (ICoICT)
LOIeT 5 Organized by Telkom University, Multimedia University & Gajah Mada University
Prepared by EDAS Conference Services.
Contact © Copyright 2022 IEEE - All Rights Reserved.
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Abstract—The high dropout rate and the low percentage of
undergraduate students who graduate on time are some of the
problems at higher education institutions. Various research
has been conducted to overcome these problems, one of which
is predicting student performance. Predicted results of
academic performance at the beginning of the class can be used
as an early warning for undergraduate students and lecturers
to take the necessary actions to succeed well at the end of the
semester. However, not all significant predictor variables can
be obtained at the beginning of the class. The purpose of this
research is to develop a two-stage prediction model to
determine the passing of each student from the courses
undertaken. The first stage of the prediction model was
developed at the beginning of the class while the second was
developed at the end of the eighth week by adding two
predictor variables, namely mid-term test score and the
number of presence in class. Four different methods are used:
Decision Tree (able to generate rule that are easy to interpret),
Random Forest (able to handle high dimensional data),
Support Vector Machine (able to eliminate overfitting
problem), and Logistic Regression (able to make good
prediction of success in a course. In testing, all performance
measures of Logistic Regression method were superior to other
methods both in the first and second stages. It is also seen that
the addition of predictor variables was able to increase the
performance measures of all prediction models by up to 7%.

Keywords—student
education, classification

performance,  prediction,  higher

I. INTRODUCTION

The quality of a higher education can be measured by
the percentage of students who graduate on time and dropout
rates [1], [2]. Usually, the higher the percentage of students
who graduate on time and the lower the dropout rate, the
better the quality of the higher education in educating the
students. The quality of the higher education can affect the
views of the community so that it has an impact on people's
interest in studying at the higher education [1]. Therefore,
until now the dropout rate and the percentage of students
graduating on time have become one of the main concerns in
various higher educations.

The number of students who enroll at a higher education
is generally more than the number of students who graduate
[3]. Statistics of Indonesia State Higher Education 2020
states that the dropout rate in Indonesia in 2019 is 7%
(602,208 of 8,483,213 registered students) [4]. In addition,
based on the preliminary sampling of 75 courses taught in
the academic year 2018-2019 to 2020-2021 at a higher
education in Surabaya, the average percentage of passing
course was 75% and only 9.3% of courses have a passing
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rate of 100%. While the results of the sampling of 471
students from the 2017-2018 class at the same higher
education, showed that about 16% of students graduated on
time (without taking into account temporary study stops) and
there were around 14% of students dropping out of college.
This condition shows that the dropout rate and the number of
students who graduate beyond the normal study period are
still high.

There are two kinds of efforts to reduce the dropout rate
and the percentage of students who graduate beyond the
normal study period, namely screening prospective students
so that students accepted by higher education are excellent
students and increasing the passing rate for higher education
students. To increase course passing rates, higher educations
can make various efforts to help students, especially those
with less ability, by providing academic advisors [5],
guardian lecturers, assistance, and tutoring from lecturers
outside of class hours [6]. In order that the efforts made by
the higher education are on target and run optimally, it is
necessary to have supporting information, such as academic
data. However, the number of students with different
backgrounds and abilities causes a lot of time to process the
existing data into the useful information that can support
decision making in helping students who have less ability.

Various studies have been conducted by utilizing
academic data and technology to help provide the data
needed by higher education. One form of existing research is
to build a predictive model to provide the information needed
to screen, monitor and improve student academic
performance [7]. Research related to the prediction of student
passing from the evaluation of first year studies [8], [9] is
useful for screening excellent prospective students.
Meanwhile, research related to the prediction of passing a
course [10], [11] and prediction of the score of a course [3],
[12], [13] can be used to support decision making in
determining appropriate efforts to help students, especially
those with less ability.

The results of predicting student performance can be
useful for preparing actions to help students who are
indicated to experience failure if they can be obtained as
early as possible. Therefore, some researchers predict student
performance at the beginning of the class [3], [13]. However,
not all data used as predictive variables that have the
potential to significantly influence can be obtained at the
beginning of the class, for example test scores. Usually some
test scores can be obtained after several classes.

Most researchers make a one-time prediction, namely
after getting all the data from the predictor variables used.



Reference [14] conducted a research to evaluate whether
student academic performance can be predicted in the early
weeks of college. Predictions are made at the end of the 3rd,
6th, 9th, 12th, and 14th weeks using the same predictor
variables but with increasing numbers according to those
collected at the end of the week. Prediction results at the end
of the third week showed that the model succeeded in
predicting "unsuccessful" students with 74% accuracy and at
the end of the fourteenth week gave the highest accuracy,
89%. The results also showed a tendency that the more data
used (the longer the week) the higher the accuracy except at
the end of the 6th week [14].

This research developed a predictive model consisting of
two stages to determine the passing of each student from the
courses taken. The first stage of prediction was carried out
before the class start by using demographic data and
academic history. While the second stage of prediction was
made after the mid-term test by adding two predictor
variables, the mid-term score and the number of attendance
in the learning class. Mid-term test is usually held in the
eighth week of sixteen meetings. In the two stages, four
different method are used, namely: Decision Tree (DT),
Random Forest (RF), Support Vector Machine (SVM), and
Logistic Regression (LR).

Testing was carried out to find out whether (1) the
academic performance of students in a course can be
predicted from the start or not, (2) the addition of predictor
variables in the second stage could improve the performance
of the first stage prediction results or not. The results of the
first stage of prediction are useful as an early warning for
students, lecturers, and institutions to prepare strategies, so
that students who are predicted to "fail" can succeed well at
the end of the class. While the prediction results of the
second stage can be to be used to monitor student academic
progress as well as prepare further strategies, especially for
students who are predicted to fail.

The rest discussion is arranged in the following order. In
the second part, a literature review is carried out on research
related to student performance predictions that have been
carried out by other researchers. The third section will
discuss the methodology used in carrying out the research
including the methods used to build the model and evaluate
the prediction results. The results of the research will be
discussed in the fourth section. Finally, the fifth section
concludes the research results.

II. LITERATURE REVIEW

Educational Data Mining (EDM) is a process to explore
the information and patterns needed from academic data in
educational institutions that are stored in large quantities
[15], [16]. Currently, EDM is still widely used by researchers
to predict student performance [15]-{17] in order to improve
the quality of student performance and the teaching and
learning process [1]. This is because the prediction results
can significantly be used to support decision making [15].
The main focus of existing research is to identify predictor
variables that greatly affect student performance and to
obtain predictive methods that can provide high predictive
accuracy [17].

A. Predictor Variable

Various kinds of predictor variables are used by
researchers to get the results of predicting student

performance with high accuracy. Predictor variables that are
usually used are academic data [3], [9]-[11], [13], [15], [16],
[18]-[21], demographics [8]-[10], [13], [17]-[19], [21],
social [10], managerial [10], and psychological [10], [15].

The most widely used academic data for predicting
student performance are:

1. Grades (both the results of course assessments [1], [11],
[19] and the grades of courses that have been taken [3],
[13], [16], [20]).

2. Grade Point Achievement (GPA) [1], [9], [10].

3. Total credits taken [1], [10].

4. Presence [1], [18].

5. Frequency of accessing Learning Management System
(LMS) [18], [19].

6. The value of the prerequisite courses [20].

7. The length of the prerequisite courses taken [20].
8. The load of credits taken [10], [17].

Academic and demographic data are the most widely
used predictor variables. This is reinforced by [2] who states
that academic data from previous education levels and
demographics are the two predictor variables most often used
by researchers to make predictions. This is because the two
types of predictor variables are considered to have a
significant influence on the prediction results [22]. However,
[2] states that demographic data is a divergent factor in the
research, in the sense that there are researchers who claim to
be influential but there are also researchers who claim to
have no effect, especially gender.

B. Prediction Method

In addition to the predictor variables, the prediction
method is one of the important components that determine
the accuracy of the prediction results. There are several
prediction methods that are often used [22], namely DT [1],
[8], [11], [15]-[19], [21], Naive Bayes (NB) [1], [14], [15],
[17]-[19], [21], k-Nearest Neighbor (k-NN) [1], [13], [14],
[17], Rule based [8], Artificial Neural Network (ANN) and
its development [10], [12], [15], [17], RF [14], SVM [14],
[15], [17], and the Regression group [17].

Reference [21] developed a model to predict the
academic performance of first-year students using the DT
and NB methods. DT method provided greater accuracy
than the NB method for both balanced datasets and
imbalanced datasets. In the research conducted by [6], the
DT method also provided the best accuracy, which was 86%
compared to the kNN, ANN, and NB methods.

The predictive model of academic performance of
prospective new students was developed by [15] using four
different methods: ANN, DT, SVM, and NB. The results
showed that the ANN method was able to provide the
greatest accuracy (79%) but the DT method was able to
provide the largest recall (80%) and F-measure (81%) [15].
This shows that the DT method is better in dealing with
imbalanced data.

Reference [19] conducted research on the effect of
student involvement on academic performance using the DT,
JRIP, J48, Gradient-Boosted Trees (GBT), Classification and
Regression Tree (CART), and NB methods. J48, DT, JRIP,



and GBT showed better performance in terms of accuracy,
kappa, and recall.

Reference [23] developed a model to predict at-risk
students in order to prepare for immediate intervention. The
model was developed using the ANN, SVM, and LR
methods. The ANN method was superior to other methods
with an accuracy of 84%-93%. Meanwhile, LR achieved an
accuracy of 79.82% - 85.60% and the SVM achieved 79.95%
- 89.14%.

The model to predict the employability of IT graduates
was developed by [24] using nine predictor variables which
include demographic data, academic scores and study tracer
data. The LR method provided the best accuracy, which was
78.4% compared to the DT and NB methods.

DT is the most widely used prediction method [2], [22],
[25]. Some of the reasons that underlie the use of the DT
method are that this method can be applied to both numerical
and categorical data [15], [19], has a simple working method
[15], and the resulting rules is easy to understand and
interpret [15], [17], [19].

The advantages of the SVM method are that it is
considered suitable to be applied to small datasets [7], [25],
works faster than other methods [15], [25], and eliminate the
problem of overfitting [26]. The RF method is considered to
be more accurate, the time taken to develop the model is very
less and can handle high dimensional data [26]. Meanwhile,
LR method can be applied to predictor variables with
nominal, ordinal, interval or ratio measurement scales [26]
and good for prediction of success in a course [27].

Evaluation of model performance is calculated using
various measures, namely accuracy [1], [9]-[11], [15], [19],
[21], Recall [1], [8]-[10], [18], [19], Precision [1], [8]-[10],
[18], [21], Fl-measure [8], [9], [18], Mean Square Error
(MSE) [3], Mean Absolute Error (MAE) [3], [12], Arca
under the Curve (AUC) [18], [19], [21], and Kappa [17]-
[19]. The most widely used measure is accuracy. According
to [22] the three prediction methods that provide the best
accuracy are Neural Network (97.00%), RF (96.01%), and
DT (92.80%).

I11. RESEARCH METHOD

The research began with collecting the required data from
the Academic Information System of higher education. After
the data were collected, then pre-processing was carried out
to clean the data from irrelevant data and perform data
transformation. Data transformation is a process to eliminate
differences in the dataset, so that the dataset has a format that
is suitable for the algorithm for data mining [2].

In the next stage, the prediction model was built using the
DT, RF, SVM, and LR methods. The performance of the
prediction model that had been built was tested and then
evaluated using a confusion matrix. The methodology used
for the formation of the prediction model can be seen in Fig.
1.

A. Data Collection

The dataset used was taken from data of 309 participants
from six courses that were opened in the 2020-2021
academic year at a higher education in Surabaya. Course
participants come from five programs from the 2015-2016 to
2020-2021 academic years. The six courses used in this
research are compulsory subjects in semester 2 to semester 4.

Four out of six courses are in the area of mathematics and
statistics, while the remaining two courses are in the area of
programming. One of the courses was opened in four
parallel classes, taught by different lecturers.

Data collection Pre-processing

e Take the data from higher
education academic system

e Combine all data into one
file

e Delete irrelevant data
e Transform into
numerical forms

¥

Models Development

=

Models Evaluation

— Accuracy — Decision Tree

— Recall « — Random Forest

— Precision — Support Vector Machine
— Fl-measure — Logistic Regression

Fig. 1. Research method

There were thirteen predictor variables used for
prediction in the first stage, namely X, to X3. Meanwhile, in
the second stage, fifteen predictor variables were used,
namely X; to Xjs. The list of predictor variables used in the
research can be seen in Table I. The output of the prediction
model was divided into two types of labels, namely "Pass"
and "Fail". The dataset used for prediction consisted of 63
instances labeled “Fail” and 246 instances labeled “Pass”.
This condition indicated that the dataset used was
imbalanced.

The predictor variables used in this study were taken as a
response from previous research and from the characteristics
of students who were thought to have a significant influence
on the prediction results. The predictor variables taken as a
response from previous research can be seen in Table I, the
fifth column.

B. Pre-processing

The first step was to delete irrelevant data, namely
semester and academic year, student ID, parallel course and
class ID, and lecturer ID. The process was continued by
doing the transformation, which included changing all the
data into numeric form. The transformation was done so that
the data could be processed according to the algorithm used.

C. Models Development

Prediction models were formed using four different
methods, namely: LR, DT, SVM, and RF. The formation of
the prediction model was carried out through a training and
testing process. However, the dataset used in this research
was an imbalanced dataset. Imbalanced means that the
number of samples of an output label differs greatly from the
number of samples of other labels. The existence of
imbalance data can have a negative impact on the
performance of data mining algorithms [2]. To overcome
this, the training and testing process was carried out using the
ten folds stratified cross validation method. The data were
divided into ten equal parts with the number of each label in
each section being balanced. After that, one part was used for
testing and nine parts were used for training. This process
was be repeated ten times with different testing data for each
iteration.



TABLE L PREDICTOR VARIABLE USED

Predictor |Code Description Scale Reference
Variable
Study Xi | Study program taken Nominal | [8],[13],
program by student [21]
Sex X | Gender (M, F) Nominal | [1], [8],
[21]
Year of Xz | Year of student entry Interval [13]
entry
Cumulative | Xs | Credits having been Ratio [1]
credits collected from the first
semester, including E
score
CGPA Xs | Cumulative GPA Interval | [1]
including E score (0-4)
Number of | X; | Number of courses Ratio [21]

courses taken this semester

taken

Number of | X; | Number of participants | Ratio [21]
participants in class

Previous Xs | The score if it had been | Ordinal

course taken before (A, AB,
grade B,BC,C,D,E, T). T
means never been
taken before.

How many semesters it | Ratio

Length of Xy

time repeat has been since the
course was taken (0, 1,
2,...)
Position Xjo | Difference between the | Ratio
difference student  position at
current semester and
the position of the
course in the
curriculum (0, 1, 2, ..)
Pass Xi1 | The percentage of | Ratio
percentage passing of this course

in previous semester by
the same lecturer (0-

100)
Prerequisite | X, | Score of pre-requisite | Ordinal [20]
grade course taken in the

latest.
Prerequisite | Xi; | How long has the pre- | Ratio [20]

time taken requisite course been?

Mid-term X4 | Mid-term test score (0- | Ratio [1],[11]
test 100)

Number of | Xjs | Number of attendance | Ratio [11,[10]
attendance before mid-term test

(0-6)

D. Evaluation

Evaluation of the performance of the prediction model
was carried out using a confusion matrix [6]. The
performance measure was based on the confusion matrix that
is usually used is accuracy. Accuracy is the ratio between the
number of correctly predicted results compared to the
number of data [1], [6]. Calculation of accuracy can be done
using (1).

TP +TN (1)
TP+ FN + 1N + FP

Accuracy =

True Positive (TP) is the number of students who are
predicted to "Fail" from students who "Fail" [1], [14]. True
Negative (TN) is the number of students who are predicted to
“Pass” from students who “Pass” [1], [14]. False Positive
(FP) is the number of students who are predicted to “Pass”
from students who “Fail” [1], [14]. False Negative (FN) is
the number of students who are predicted to "Fail" from
students who "Pass" [1], [14].

However, if the dataset is imbalanced, then the accuracy
measure alone can be misleading. Therefore, it is necessary
to use other measures, namely Recall, Precision, and F1-
measure [14]. Recall is the probability that the model can
classify students who “fail” correctly [14], [18]. Recall
calculation can be done using (2). Precision is the probability
that the model can classify students who are predicted to
“fail” correctly [14], [18]. Precision calculation can be done
using (3). Using the Recall and Precision measures
separately can lead to biased comments in the evaluation of
the prediction model [14]. F1-measure is the average of the
harmonics between Recall and Precision [8], [14], [18]. The
F1-measure calculation can be done using (4).

P
Recall = —— (2)
TP + FN
P
Precision = ———— (3)
TP + FP
2 * Recall * Precision 4
F1—measure = ( )

Recall + Precision

Iv. RESULTS AND DISCUSSIONS

Training and testing at each stage was carried out on 309
existing data using ten folds stratified cross validation. The
results of testing in the first stage can be seen in Table II.
Table II shows that the LR method is superior to other
methods in all performance measures except the precision
value. The precision value of the LR method is 3% lower
than the precision value of the DT method. The model
formed by the LR method was able to correctly predict
91.59%. Even though the dataset was imbalanced, the model
was able to predict students who "fail" well. This can be seen
from the Recall and the Fl-measure values generated from
the prediction using the LR method of at least 0.76. The
performance shown by the LR method in this research is
better than the results in [23], [24], [27], which showed the
performance of the LR method ranged from 0.697 to 0.856.
This proves that the LR method is good for the prediction of
success in a course as stated by [27].

TABLE II. TESTING RESULT IN THE FIRST STAGE
Accuracy Recall Precision | Fl-measure
DT 91.58% 0.71 0.86 0.77
RF 90.29% 0.72 0.81 0.75
SVM 87.4% 0.45 0.79 0.57
LR 91.59% 0.76 0.83 0.79

The model using the DT and RF methods produce a
performance that did not differ much when compared to the
LR performance, which was between 1.3% to 5%. These
results are in line with the literature review conducted by
[22] which states that the DT and RF methods are two of the
three prediction methods that are able to provide high
accuracy. While the classification performance of the model
formed by the SVM method was the lowest value compared
to other methods. However, the accuracy of the prediction
results using the SVM method was actually quite good,
87.4% even though the Recall value generated from the
SVM method was 0.45. This showed that the SVM method
was only not so good at predicting the minority class from
the dataset used in this research.



All methods provide a minimum prediction accuracy of
87.4% and a minimum Precision of 0.79. It can be
concluded that the academic performance of students in a
course can be predicted at the beginning of the class. By
using the data collected in this research, similar
characteristics (particularly the CGPA, the suitability of
taking courses with the curriculum, and mid-term test score)
of the participants in the area of mathematics and statistics
and in the area of programming show the similarity of
students' academic performance. Therefore, the academic
performance of the participants in the area of mathematics
and statistics and in the area of programming can be
predicted before the class starts based on the performance of
the participants in the previous period based on the similarity
of the student characteristics. Even though the predictions
were made before class started, the resulting accuracy
(91.59%) was better than [14] which made predictions
starting in the third week of lectures (74%).

Since predictions can be made before class starts, then it
provides opportunities for students, lecturers, and institutions
to prepare strategies and take neccesary actions so that
students who were predicted to fail can succeed at the end of
the class. Therefore it will increase the course passing rate.

The results of testing in the second stage can be seen in
Table III which shows that for all performance measures, the
LR method still gives better results than other methods.
However, the performance of the model formed by the DT
and RF methods does not differ much from the LR
performance. When viewed from the value of accuracy and
precision, all methods provide a minimum accuracy of
88.69% and a minimum precision of 0.8. This showed that
all methods were able to predict well. In addition, there was
also an increase in the classification performance of the SVM
method. So, it can be used to monitor student academic
progress as well as to prepare the necessary actions.

TABLE IIL. TESTING RESULST IN THE SECOND STAGE
Accuracy Recall Precision F1-measure
DT 92.23% 0.71 0.90 0.77
RF 90.94% 0.75 0.82 0.77
SVM 88.69% 0.5 0.8 0.61
LR 93.55% 0.78 0.9 0.83

If the results of the first stage of performance are
compared with the results of the second stage of
performance, it can be seen that there was an increase in
scores in all performance measures or at least the same in the
second stage. Increases ranged from 0% to 7%. Only the
Recall and F1-measure from the DT method did not increase
from the first stage to the second stage. This shows that the
performance of the model in the second stage is better than in
the first stage. The tendency to increase the recall value in
the second stage shows an increase in the ability of the model
to make predictions for the minority class.

Prediction in the second stage was done by adding two
predictor variables, namely Xi4 and Xis. Based on Table II
and Table III, it can be seen that there was trend of
increasing the value of each measure of model performance
in the second stage. It showed that the addition of predictor
variables can improve the performance of the prediction
model, especially accuracy. This is in line with research
conducted by [14], the performance of the prediction model
will increase with the addition of data.

Based on the model formed using the DT method, it can
be seen that the most significant predictor variables in the
first stage prediction (taken from tree level zero to level two)
were Xs, Xio, X, and Xi;. While in the second stage (taken
from tree level zero to level 2), the predictor variables that
have a significant effect were Xs, X14, Xs, and Xio. X14 was an
additional predictor variable in the second stage. The
position of Xjo (tree level 1) and Xi; (tree level 2) as
predictor variables that have a significant effect in the first
stage were replaced by Xis. This supports the previous
conclusion which states that the addition of predictor
variables can improve the performance of the prediction
model. While X5 remains the most influential predictor
variable (tree level 0) both in the first and second stages. The
tree of the prediction model formed by the DT method for
the first stage can be seen in Fig. 2 and for the second stage it
can be seen in Fig. 3.

[——Xs <= 1.50 —x% > 1.50
| | ——X1a <= 7.50 | |--Xs <= 2.50
| | |--X¢ <= 1.50 I | |-—X11 <= 2.50
| | | |--class: 0 | | | |--X3 <= 5.50
| | |-——X¢ > 1.50 | | | | |--class: 0O
| | | |-=X1 <= 0.50 | | | |--X3 > 5.50
| | | | |--class: 1 | | | | |——X1 <= 0.50
| I | |--X1 > 0.50 I | | | I |--class: 0
I 11 ]-=X1 <= 1.50 I 1 1 l-—% > 0.50
| | | | | |-—class: 0 } : : X‘ . \2 5Ioffclass: 0
| | | | |--x; > 1.50 AL .
| | | |--Xs <= 6.50
} }——XL > ‘7‘5B [7etass: 4 I | | | | -—X12 <= 5.50
| | l-—class: 1 I | | | | |--class: 0
: I | | I |-—X12 > 5.50
| | | | | |--class: 0
| | | |--Xs > 6.50
| | | | |--class: 0
| |--Xs > 2.50
| | |--class: 0

Fig. 2. Model formed with DT method in the first stage
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Fig. 3. Model formed with DT method in the second stage

The results of the evaluation showed that students’
academic performance can be predicted well at the beginning
of the class using academic history data. This can be seen
from the minimum predictive accuracy value of 87.4%
(Table II and Table III). The results of predicting student
academic performance at the beginning of the class provide
opportunities for students, lecturers, and institutions to
prepare strategies so that students who are predicted to "fail"
can succeed well at the end of the class so that it will
increase the course passing rate. Efforts made at the
beginning of the class by considering the prediction results in
the first stage can be evaluated using the prediction results in
the second stage. The evaluation results provide additional



opportunities for the students who are predicted to fail to
prepare better for the rest of the semester. Lecturers can
provide personal assistance to such students (especially to
students who are predicted to fail in both the first and second
stages) with additional classes or other actions. So the
results of these two-stage predictions can be used by lecturer
to monitor student academic progress as well as to prepare
the necessary actions.

V.CONCLUSION

In this research, a two-stage prediction model was built to
predict the passing of each student from the courses
undertaken using four different methods: DT, RF, SVM, and
LR. The first stage of prediction was carried out before the
class starts, while the second stage was carried out after mid-
term test, by adding two predictor variables, namely the mid-
term test score and the number of presence in class. The
accuracy of the prediction results for the first and second
stages showed that all methods were able to predict student
academic performance well, but the LR method gave the best
performance.

Based on the comparison of the classification
performances of each model in the first stage and the second
stage, it was seen that there was an increase or at least the
same value from each model performance measure in the
second stage. This was confirmed by the tree formed from
the DT method. The tree showed that in the second stage,
mid-term test becomes one of the most influential predictor
variables in determining the probability of a student passing
or not from the courses taken. So the results of the second
stage of prediction can be used to monitor student academic
development, after actions are taken based on the results of
the first stage of prediction.

The lowest accuracy and precision values obtained from
this study were 0.79 while the maximum recall value was
0.78. This recall value can be increased by overcoming the
imbalanced data condition, such as by using hybrid of the
heuristic method with Synthetic Minority Oversampling
Technique, which will be our future research.
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