9th International scientific conference Session: IT Education and Practice
Technics and Original research paper
Informatics in DOI: 10.46793/TIE22.237K

el Education - TIE 2022
LWL PP8  16-18 September 2022

Comparison of regression methods and tools
using the example of predicting the success of
graduate master’s students in different fields
of education

Katarina Kari¢*, Andrijana Gaborovié, Marija Blagojevi¢, Danijela MiloSevic,
Katarina Mitrovi¢ and Jelena Plasi¢
University of Kragujevac, Faculty of Technical Sciences, Cadak, Serbia
* katarina.karic@ftn.kg.ac.rs

Abstract: With the rapid development of ICT, the fields of Artificial Intelligence and Machine Learning and
data mining techniques, there is a need for research in which they are applied, in various domains. In this
paper, the analysis of the data set was conducted using regression methods, as one of the "Data mining"
and prediction techniques, in order to predict further development in the future, ie. number of graduate
master’s students in all fields of education. The aim of this research is to monitor the current number of
students and compare them with the previous one - in academic education of the second degree, in order
to predict the number of students annually and possible factors affecting academic university education in
the Republic of Serbia. The obtained results related to the number of master's degree students in the field
of education in all territorial parts of the Republic of Serbia, may, also indicate the implementation of certain
reforms in academic education in the future, adding innovative ideas, student exchange and others.
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1. INTRODUCTION future work, such as: logistic regression, decision

ot . . trees, neural networks and dr.
Artificial intelligence represents a way of reasoning

and acting on derived conclusions, with the
application of logic, whereby reasoning and acting
is not carried out by man or any other living
organism, but by machines in the broadest sense
of the word [1]. Machine learning, as a branch of
artificial intelligence, deals with techniques and
methods that enable computer systems, ie. The authors [6] conducted research in the field of
machines learn from experience, ie to react to education, ie research in which linear regression
changes in the external environment, without methods, decision trees, SVR ("Support Vector
explicit programming [2]. One of the important Regression") and "Random Forest" algorithms are
applications of machine learning is in data research, applied in order to enable postgraduate students
ie in the field of "Data mining". "Data mining" is a the most reliable and efficient choice of university
process of "mining" large databases and extracting where he will attend master's studies. The results
new and useful information that can contribute to obtained in this research are given on the basis of
better and more successful business student profiles, while students would not decide to
[3]. conduct similar analyzes, first decide on the basis
of consultants' programs and previous admissions,
which is not the most reliable and personalized
solution.

The paper [5] focuses on the implementation of the
regression method in a case study where it was
shown that regression algorithms for prediction of
outgoing traffic and a model based on the "decision
tree" algorithm give the best results, while other
algorithms have a problem of excessive matching.

Through research in the field of application of
regression methods [4], an adequate way of using
these methods is presented, as well as the goal of
implementing these methods in the future. The
techniques used in this study were simple linear
regression and multiple linear regression. The
authors [4] came to the conclusion that the understanding of how well or poorly students in
percentage of reliability using these methods is their clqsses will adapt-and master material from
about 95%, which is extremely important, but that mechanics and dynamics. Based on the results
more predictive analyzes should be performed in

Similar research [7] applies the linear regression
method to predict student academic performance,
which aims to help instructors develop a good
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obtained, instructors can adopt proactive measures
to improve student learning.

The results of the previously presented related
research indicate the need to apply regression
methods and other methods for the purpose of
forecasting in order to make safe decisions in the
future, but also to point out possible mistakes in
business, work and the like.

The aim of this paper is to analyze a set of data on
the topic of graduate students of second degree
(master students) in the fields of education. Data
analysis was conducted using regression methods,
as one of the techniques of machine learning and
the task of prediction, in order to predict further
development in the future, ie. number of graduate
master’s students in all fields of education.

In the following chapters, data mining techniques
will be explained in detail, with an emphasis on
regression methods and their application.

2. DATA MINING TECHNIQUES

Data mining is an extremely useful methodology,
which aims to obtain information from a multitude
of data that is crucial for strategic decision-making.
As a systematic, interactive and iterative process of
data and information analysis, it enables better
business decision-making and management whose
main area of application is business [8]. In order to
extract the obtained information from a huge
amount of data, it is necessary to apply certain
techniques [9].
The following is a list of all Data Mining techniques
[10]:
e Classification - This technique is used to
classify data into different classes according to
certain criteria, such as: according to the type
of data source, according to the included
database, according to the type of knowledge
discovered, etc.
Clustering - Clustering is the division of
information into groups of related objects, ie.
this technique represents the grouping of data
based on their similarities.Regression
Regression analysis is a predictive data mining
technique used to identify and analyze the
relationships between variables due to the
presence of another factor. Used to define the
probability of a particular variable. Regression
is @ method that primarily represents a form of
planning and modeling.
Association Rules This data search
technique helps detect a connection between
two or more items.
e Quter detection - A technique that refers to
observing data items in a data set that do not
match the expected pattern or expected
behavior.
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Sequential Patterns A data mining
technique specialized for estimating sequential
data to detect sequential patterns, ie. similar
patterns.

Prediction A technique that uses a
combination of other data mining techniques,
such as regression, clustering, classification,
etc. to analyze past events and phenomena, in
order to predict future events and happenings.

3. REGRESSION TECHNIQUE AND
REGRESSION METHODS
Predictive analytics includes a number of

techniques of statistics and data mining, which
analyzes current and historical facts, in order to
predict future events. Regression analysis can be
used to model the relationship between one or
more independent variables and dependent
variables. The regression technique consists of
methods on the basis of which data analysis can be
performed, as follows: Linear regression, Simple
linear regression, Multiple linear regression,
Nonlinear and multiple nonlinear regression,
Logistic regression, Decision tree, etc. [11].

3.1. Linear and simple linear regression

Linear regression is one of the regression methods
used to predict results. Model the relationship
between an independent variable and a dependent
variable. The simplest form of regression is a
simple linear regression that contains only one
predictor. The relationship between the input and
output variables can be mapped to two-
dimensional space. Simple linear regression can be
applied using several different methods, and one of
the chosen ones is the least squares method. This
method is a form of mathematical regression
analysis that is used to determine the line that best
suits the data set, providing a visual representation
of the relationship between data points, ie. the
relationship between a known independent variable
and an unknown dependent variable [6].

3.2. Nonlinear regression

Nonlinear regression models approximate the
relationship between dependent and independent
variables by a nonlinear function. The data consists
of independent variables that do not contain errors
- X, and related experimental dependent variables
-y. Each value of y is modeled as a random variable
with the average given in the form of a nonlinear
function f (x, B).

3.3. Multiple linear regression

Multiple linear regression represents the
relationship between two or more variable
explanations and the response variable by
adjusting the linear equation over the observed
data. Each value of the independent variable X is
related to the value of the dependent variable Y
[12]: y = alxl + a2xa + a3x3 + ... + anxn.
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The main goal of multiple regression is to discover
as many independent variables as possible that
affect the dependent variable. The degree of
correlation between variables, ie correlation
analysis, is extremely important for this method of
regression and provides information such as the
relative importance of each independent variable in
predicting or influencing the dependent variable
and the degree to which all independent variables
explain dependent variable variations.

4. RESEARCH METHODOLOGY

The main research problem in this paper is the
comparison of regression methods and software
using the example of predicting the success of
graduate master’s students in different fields of
education. The number of second-degree
graduates can vary by field of education as well as
by year. As the regression analysis obtained the
prediction and results of future development and
flow, it was conducted in three different matre for
each of the regression methods, namely:

e Linear and simple linear regression was

performed in "SPSS" and "RapidMiner"

software,

¢ Nonlinear regression was performed in the

"NCSS" software and

e Multiple
software.

linear (complex) in "NCSS"
"SPSS" is an IBM product designed for statistical
analysis, predictive analysis, text analysis, open
source extensibility, big data integration, and offers

a vast library of machine learning algorithms [13].
"NCSS" software is intended for statistics, graphics
and sample size. It is dedicated to providing
services to researchers, researchers, academics,
scientists and other professionals [14].

Figure 1. Demonstration sample from the data set

RapidMiner is an open source software platform
that provides an integrated machine learning
environment, Data Mining, Text Mining, and
business analytics. It is used for business and
commercial purposes, as well as for research,
education, training, and supports all steps of the
data mining process, including data preparation,
visualization, validation and optimization of results
[15].

In the analysis, a set of data named “Number of
graduates by fields of education”, which was taken
from the open data portal [16] was used. The
downloaded data set is in .xIsx format. It stores
data collected in the period from 2016 to 2019. The
pre-transformation data set contains information
given in only eight columns: "indicator", "IDTer",
"nTer", "mes", "god", "IDISCEDF", "nISCEDF" and
"value".

By transforming the data set, the "indicator"
column was renamed "id", the "nTer" column was
renamed "Territory" and the "year" column was
renamed "year". As the values of the "nISCEDF"
column for one instance in the table were dates in
several rows with certain numerical values, it was
necessary to transform the data set so that instead
of that one column "nISCEDF" create twelve
different columns with date values under the
following names"Total", "Generic programs and
qualifications", "Education”, "Arts and humanities",
"Social sciences, journalism and information",
"Business, administration and Ilaw", "Natural
sciences, mathematics and statistics", "Information
and Communication Technologies (ICT) “"
Engineering, Production and Construction ”*
Agriculture, Forestry, Fisheries and Veterinary
Medicine ”," Health and Social Assistance "and the"
Services “column. These twelve columns represent
the fields of education of students, while the values
represent the number of graduates for that period
(year) and a certain territory in a given field.
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Columns "mes" and "IDISCEDF" were not of great
importance for this type of analysis, so they were
removed. By creating new columns, the number of
rows is reduced, and numeric values are added to
empty fields in order to reduce the possibility of
problems during analysis.

The created separate columns enable the
achievement of better results, because they leave
the possibility of analyzing the data according to
several dependent and independent variables, ie.
variables (X and Y). Figure 1 shows the data
prepared for regression analysis. Regression
analysis by linear simple, multiple and nonlinear in
this paper, were conducted to predict the number
of graduate master’'s students in the different
education fields.

5. RESULTS

The results obtained using linear, multiple linear
and nonlinear regression methods are presented in
this chapter.

5.1. Results of linear regression analysis

The results of linear regression analysis that
illustrate the prediction of the number of graduate
master’s students in the field of Health care and
social assistance in relation to years are shown in
Figure 2. The graph depicts the movement of the
number of graduate master’s students in the field
of Health care and social assistance in relation to
the year from the period 2016 to 2019. The
independent variable X is defined as "years", while
the dependent variable Y is defined as "Health care
and social assistance" which represents the number
of graduate master’s students in this field. It can
be concluded that linear regression predicts a
reduction in the number of graduate students of the
second degree in the previously mentioned field
based on the period from 2016 to 2019.
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Figure 2. Number of graduate master’s students

in the field of Health care and social
assistance in relation to the year

A graph that presents the movement of the number
of graduate master’s students in the field of ICT in
relation to the years is shown in Figure 3. The
independent variable X is defined as "years", while
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the dependent variable Y is defined as "ICT" which
represents the number of graduate master’s
students in this field. It can be concluded that linear
regression predicts a reduction in the number of
graduate students of the second degree in the ICT
field based on the period from 2016 to 2019.

Figure 3. Number of graduate master’s students
in the field of ICT in relation to the year

A graph showing the movement of the total number
of graduate master’s students in relation to years
is presented in Figure 4. The independent variable
X is defined as "years", while the dependent
variable Y is defined as "total". It can be concluded
that linear regression predicts a reduction in the
total number of graduate students of the second
degree based on the period from 2016 to 2019. It
should be noted that the decrease is more
pronounced in the field of Health care and social
assistance than in the field of ICT. This could be
caused by the rapid development of information
and telecommunication technologies which led to
changes in society and thus affects student choices.

Figure 4. Number of graduate master’s students
in relation to the year

5.2. Results of nonlinear regression analysis

Nonlinear regression analysis was conducted using
the NCSS tool. The independent variable X is
defined as "ICT" which represents the number of
graduate master’s students in this field, while the
dependent variable Y is defined as "years". This
analysis was conducted for 2016 and 2017
separately.

A graphical representation of the movement of the
number of graduates in the ICT field during 2016 is
shown in Figure 5. Nonlinear regression predicts an
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increase in the number of graduate master’s
students in the ICT field of over 90%, i.e. up to 200
students per year.
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Figure 5. Number of graduate master’s students
in the field of ICT during 2016

A graphical representation of the movement of the
number of graduates in the ICT field during 2017 is
shown in Figure 6. Nonlinear regression predicts an
increase in the number of graduate master’s
students in the ICT field of over 90%, i.e. up to 100
students per year. The growth trend compared to
2016 has declined which is a result of an overall
reduction in the number of graduates.
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Figure 6. Number of graduate master’s students
in the field of ICT during 2017

5.3. Results of multiple
analysis

linear regression

The prerequisite for the analysis using multiple
linear regression is to select two independent
variables X, namely the number of graduates in the
ICT field and the number of graduates in the field
of Health care and social assistance, as well as one
dependent variable Y, i.e. years. Based on the data
in the period from 2016 to 2019, multiple linear
regression predicts an increase in both variables,
as presented in Figure 7. The results show the
growth of the number of graduates in the
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previously mentioned fields with a slight stagnation
in 2019 and in future years. As in the introductory
part, an overview of related research is given, after
the analysis in this paper, there is a need to
compare the methods, data, results obtained in this
research with related research. According to
research [4], the authors concluded that the most
reliable results were obtained using multiple
regression methods using SPSS software,
predicting growth in business profits in 95% of
cases, while the results in the example (Figure 7)
predict growth in 90% of cases.
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Figure 7. Number of graduates in the ICT and
Health care and social assistance fields
in relation to the year

6. CONCLUSION

With the rapid development of technology,
numerous software is being developed that enables
the solution of potential problems in various
spheres of life. Thanks to the already mentioned:
"NCSS", "RapidMiner" and "SPSS" software, which
were used for the purpose of this research, and
various regression methods, it is possible to predict
further trends, such as number of graduate
master’s students in different fields, according to
this research, but also potential problems and risks
that can be thus solved (if it is about another field).
The results obtained by the method of simple linear
regression through "SPSS" software indicate that
the prediction is excellent with an error percentage
of £10%. In comparison with the results obtained
by the "RapidMiner" software, the same prediction
was also achieved, however, the only drawback is
that the error percentage is not specified. The
prediction made by the non-linear regression
method came to an identical prediction - which
indicates a general decrease in the number of
students in the fields of education. When it comes
to the multiple linear regression method using
"NCSS" software, the results showed a general
growth of the number of graduates in the
previously mentioned fields with a slight stagnation
in 2019 and in future years. As the authors [7]
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state, a good prediction is defined as one with a
prediction error of £ 10%, which was the case with
them and in this work. The research [5] uses linear
regression methods (which proved to be an
exceptional prediction method) as well as the
decision tree method - which from the perspective
of the future course of research in this work, may
be a method that will also be implemented.

This research itself found that the number of
graduate master’s students in the different fields of
education is generally decreasing in all territorial
parts of the Republic of Serbia, which,
unfortunately, does not give a positive outcome,
but also indicate to the fact that in the future
certain measures could be implemented in the form
of possible reforms in academic education, adding
innovative ideas, student exchange, etc.

The future flow of research could be reflected in
further data collection and monitoring of the
current situation and comparison with the previous,
in academic education of the second degree
(postgraduate education), in order to predict
annually what are the factors influencing this area
of research, ie. to academic university
(postgraduate) education in the Republic of Serbia.
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