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Abstract

Today's business cannot be imagined without the support of IT developments,
information and knowledge are the two basic resources for successful business. In
this context, it is critical comprehension and understanding of the role of teachers,
schools and families in the education process, especially in primary education as
the basis of further development of the individual personality, and therefore the
development of society. The paper summarizes the application of Data Mining
techniques in the field of primary education, with special reference to the method
of binary logistic regression. It also presents the results of research and gives a
suggestion of appearance and functionality of Web-based system for mining data
from different sources, with emphasis on the application of such a system for adequate
measures for the improvement of the level of achievement of primary school students.
The proposed system would be based on the results of data mining included providing
support to schools and parents in making a decision on taking measures to improve
the level of achievement and optimal choice of future profession.
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IMPEIJIOI METOJE INTPEABUBAIBA IIOCTUT'HYRA
YUYEHUKA O] 3HAYAJA 3A BYAYHHU NIOCJIOBHU YUUHAK

Ancrpakr

Janawmwe nocnosarve nemozyhe je samuciumu 6e3 noopuike uHGOPMAmuuKux
docmuenyha, a unpopmayuje u 3nare 06a Cy OCHOBHA pecypca 34 YCNEUHO
nocnosare. Y o06om Kommexkcmy 00 KbYUHEe je 6ANCHOCMU pasymesarse U
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cxeamarse yioce HACMAGHUKA, WKone U nopoouye y 00pa306HO-8ACHUIMHOM
npoyecy, nocebHo y 0OCHOBHOM 00pa308ary Kao memesny 0yodyhez uHousudyaiHoz
paseoja auuHOCMuY, A caMum mum u paseoja opyuimea y yenunu. Y paoy je oam
npezied npumene mexHuka 0ama MuHue-a y o01Acmu OCHOBHOZ 00paA308arba U
sacnumarsd, ¢ NOCeOHUM OC8PMOM HA MemooO OUHAPHe 102UCmuuKe pezpecuje.
Takohe, npuxazanu cy pe3yimamu UCPaiCu8arba U oam je npeonoz uszieod u
@yuryuonannocmu Web basupanoe cucmema 3a MUHUE nOOAMAxa U3 pasiuiumux
u360pa, ca 0CepMoM HA NPUMEHY MAKe02 CUCIEMA 3d A0eK8AMHO NPedy3uUMAarse
Mepa 3a nobosbuarse HuBoa nocmueHyha yyenuxka ocHosHux wikond. Ilpeonoscenu
cucmem Ou Ha OCHO8Y pe3ynimama 00OUjeHUX 0ama MUHUHS-OM APYHCAO NOOPUIKY
WKOMU U pOOUmesUMA NPUTUKOM OOHOULerbd 00yKe O Npedy3umarsy mepa 3d
yHanpehere Hugoa nocmuznyha u onmumantoe usbopa 6yoyhe npogecuje.

Kwyune peuu: bunapna nocucmuuxa pespecuja, 0opazoe8Ho-8acnumHiL npoyec,
nocmuenyhe

1. Introduction

A way that could increase the success of using databases to extract useful
information, improve business functionality and operation of an organization is called
the Data Mining (hereinafter: DM). Data mining is the search for valuable information
in large volumes of data. Data mining is a research and analysis of large amounts of data
using automatic or semi-automatic method in order to discover meaningful regularities.
There is no recipe for successful DM that will surely result in finding valuable information.
DM probability of success will increase if you follow the steps of the process of data
mining as follows: the first step is defining of a “business” issue; the second step is the
preparation of data that includes the determination of the necessary data transformation,
sampling and data evaluation. Modeling is the third step that includes selecting methods
of data mining, development and evaluation of models. The fourth step is implementation,
which includes the interpretation and use of results. In studying the level of educational
attainment, one of the main questions is to what extent and on which memorials teachers,
schools, students and their environment we can explain or predict school success and the
level of student achievement.

When educational institutions apply DM existing data they can detect a new,
useful and potentially important information that would otherwise remain as a record in
a database. The aim of the research presented in this paper is to analyze the possibility
of applying techniques DM in the educational system of elementary schools, relying
on open data on schools in perspective of “unique education information system of the
Republic of Serbia”, data from existing databases within the school, as well as other
external and internal data sources.
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2. The importance of measuring student achievement
for their future business success

Planning of labor force and directing of education system in direction of discovering
achievement of students is imperative of present time. Without quality of education,
there is no quality of knowledge, no progress of society, where education has a function
of individual personal development and development of future generations (Sucevi¢ &
Keri¢, 2015) that generate successful economy. Intensive changes of social and economic
occasions on the global level have caused changes in education system of many countries
(Tomi¢, Spasenovi¢ & Hebib, 2015; Ili¢c-Rajkovi¢, 2015). Today’s practice shows that
there are rarely changes in curriculum for primary education, although there are attempts
for their innovation (Mikanovi¢, 2014) in order to find the best way for enabling student
to get knowledge needed in the economy of a country.

Today is inevitable connection between education system and economic system.
Obtaining information about teaching, success in its implementation, one can predict
outcome and result that students will contribute to the community as its future active
working members. The process of education includes self-education and the influence of
environment on education (Paszek, 2012). By transferring not only systematic acquired
knowledge, but also the development of certain skills such as leadership, cooperation
within the teams, communication with the environment, negotiation and risk taking
(Dietl, 1997) it is possible to direct and measur certain achievements in direction of their
opportunities for future business orientation and results. Unemployment is one of the
biggest problems of our society which is result of the transition to the market concept
of economic activity and the affirmation of labor market (Milosevic & Stojkovi¢, 2013).
This problem can be solved by determining the effect and mode of education at the
earliest stage.

Economic development has always been based on the use of knowledge, but extent
of the importance of knowledge for the development of economic processes has changed
over the years (Nijkamp, & Siedschlag, 2011), so knowledge has to be predicted in order
to assess future business base in economy. Educated and adequately trained population
can create, share and use knowledge, while efficient innovation system of enterprises,
research centers and other organizations may be incorporated into the growing activities
of global knowledge (Ilic & Nedic, 2014) in order to measure knowledge and achievement
on adequately way and to direct it to the needs of the economy.

3. Methods of DM

Methods of data mining is used to build a model according to which we will the
to try to determine new information, give meaning relations, conditionality and cohesion
for available data.

3.1. Summary of basics methods of DM

Basic methods used by the DM algorithms analysis fall into two basic groups (Han,
Kamber & Data 2001): DM method using supervised algorithms and unsupervised algorithms.
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Supervised algorithms are those in which, to build models, are used the data from
in advance known groups in which data belong, and then on the basis of the constructed
model predicts group which will belong to unknown data. These gathering methods
belong to the classification of data and regression methods.

Non-supervised algorithms are based on the given data form groups of data,
without prior knowledge about in which group data might belong. This set of methods
belongs to the grouping and association rules.

3.2. Regression

Regression is a method that predicts the value of numeric attributes. It is based
on the known values of attributes of the given data with a goal to determine model
parameters, and then on the basis of the model parameters we can determine unknown
attribute values of new data.

The regression model with their evaluation methods is suitable for areas where
the classification codes of prediction are categorical (discrete, unsorted) variables.
Regression is used to predict the missing or unavailable numerical values before the tag
class. Prediction refers to both types of predictions, numerical and class prediction.

Regression analysis is a statistical method that is used primarily for numerical
forecasting, and as such includes the identification of trends over the available data
(Goharian & Grossman, 2003).

There are several different types of regression in statistics, but the more general
idea is to create a model that maps values of predictors in a way that the possibility
of error in forecasting is the lowest. Basic types of regression are: linear regression,
multiple regression, logistic regression, nonlinear regression.

3.2.1. Linear regression

Linear regression is the simplest form of regression in which the value of the
dependent random variable Y is defined as a linear function of the predictive variables X:

Y =aX + 3,

where the regression coefficients a and B are determined by the method of least
squares.

Let it be the given set of samples U, where each sample is shown as a two-
dimensional vector (xi-’ ¥;). The number of samples is u.

Ratios a and B are determined as:

TE (xEp—7)
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x
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Values * and ¥ are values:
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3.2.2. Multiple regression

Multiple regression is an extension of linear regression. In contrast to the linear
regression analysis involves more than one predictive variable. The dependent variable
Y is defined as a linear function of the multidimensional vector predictors. The general
form of multiple regression is:

Y= ay% + X, + By
Where the parameters o and 3 are determined by the method of least squares.

3.2.3. Logistic regression

Logistic regression is an extension of linear regression with the restriction that the
range of values that can take the dependent variable Y can only be from the interval [0,1].

The logistics function thus modeled as a linear function of the probability of
predictive variables, the general form is: 1

=
B 1+e™*

3.2.4. Nonlinear regression

If the variables in the model does not show a linear, polynomial rather than
dependence, it is a polynomial dependence that must be reduced to a linear form and the
matter further as linear regression.

Given the fact that there is no mathematical model to accurately determine the level
of achievement, which should be directly related to educational standards, the author
of this paper made a draft of a mathematical model to determine the level of school
achievement which in itself consists of two components: the overall success during the
education and the result of the final exam. The results obtained in this manner were used
in making models of data analysis based on the method of binary logistic regression.
The proposal and explained the method for setting the level of achievement of primary
schools is given in the third chapter of this work.

4. Suggestions for ways of determining the level
achievements of elementary school

Quality framework for evaluating the work of educational institutions in the
Republic of Serbia includes 30 standards and 158 indicators (Regulations on standards
of quality of work of educational institutions, “RS Official Gazette” No. 7/11) distributed
in seven key areas of the school: The school program and annual plan of work, teaching
and learning achievements of students, support to students, ethos, work organization and
management and resources.

Results obtained by the process of evaluation is primarily used to further the work
of the institution, but can also be used as a mean of reporting on the work of educational
institutions as well as other target audiences.
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4.1. Educational standards and levels of achievement

Educational standards are:

+ aseries of statements that describe the knowledge and skills that we expect
the student to demonstrate a certain level of achievement;

»  descriptions of essential knowledge and skills that students should have at the
end of a certain level of education.

Levels of achievement are:

*  Basic Level - At a basic level requirements are described which represent the
basic level of knowledge, abilities and skills, and it is expected that more than
80% of students achieve this level.

* Intermediate level - At the middle level there are described claims that an
average student can demonstrate. It is expected that about 50% of the students
reach or exceed this level.

*  Advanced level - At the advanced level there are described requirements that
can show students who are likely to be successful in secondary education. It
is expected that about 25% of students achieve this level.

4.2. Determination of achievements levels of elementary schools

The basic idea of how to determine the level of achievement of primary school
students is visually displayed as follows:

maxix)—min (x,)

4

Whereas: x — the overall success of primary school
X,, —success in elementary school (average of all grades)

X - — the success of the final exam
¢ — scale level of achievement (in the case of a five-point
scale is the number 5)

z — coefficient of achievements
The initial value of the scale is minx, which represents the minimum student
achievement during primary education for sixth, seventh and eighth grade. According to
the applicable criteria, the average score of students in the sixth grade is multiplied by
the number 4, for the seventh grade is multiplied by the number 5 and the eighth grade
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is multiplied by the number 5.

If the student has had an average grade in these grades 2.00 (which allows the
release of the final test) then the summation of points is 28, then 28 is the minimum
number of points that a student can get based on the achieved results during education.

Suppose a student in the final test had 0 points, then the total score or overall success
of primary school x = x;, + x; equal to 28 points, on the contrary, if the student has had
the maximum number of points based on the performance (70 points) and the maximum
number of points in the final test (30) then the maximum number of points is 100.

In this way, we determined the initial minimum and maximum value on a scale of
achievement levels.

On the basis of the criteria for numerically evaluating the success of students
is determined by the scale of levels of student achievement “c” from 1 to 5, which is
directly related to levels of achievement standards.

The difference between the maximum number of points and the minimum number
of points is:

maxx)—min (1)
=

Divided with defined levels of achievement scale represents a coefficient of
achievements, which in this particular case is 14.4.

Taking into account the criteria for numerically evaluating the success of students
is determined by the scale of levels of student achievement “c” from 1 to 5 (which is
directly related to levels of achievement standards).

If the success of students in the school (which integrates the average of all grades
and success in the final examination) is between 28 and 42.4 points, it means that the
specified requirements are achieved at the basic level of achievement.

If the success of students in the school is between 42.4 and 56.8 points, it means
that the specified requirements are achieved at the basic level of achievement.

If the success of students in the school is between 56.8 and 71.2 points, it means
that the specified requirements are achieved at the basic level of achievement and partly
(20%) at the middle level of achievement - middle lower level of achievement.

If the success of students in the school is between 71.2 and 85.6 points, it means
that the specified requirements are achieved at the basic level of achievement and mostly
(80%) of the middle level of achievement - medium higher level of achievement.

If the success of students in the school between 85.6 and 100 points, it means that
it achieved an advanced level of achievement.

Based on the determined level of achievement and achieved general success
(success during their education and success in the final test) it is possible to assess the
condition of the school as follows:

*  Elementary School is classified as a school whose work does not achieve the

requirements of the basic level of achievement,

*  Elementary School is classified as a school whose work achieves the

requirements of the basic level of achievement,

*  Elementary School is classified as a school whose work achieves the demands

on primary and secondary lower level of achievement,

*  Elementary School is classified as a school whose work achieves the demands
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on primary and secondary higher level of achievement and
* Elementary School is classified as a school whose work achieves the
requirements of the advanced level of achievement.

Estimated state and the classification should identify key problems, causes and
consequences d to the educational work of the school.

5. Overview of the results of binary logistic regression

For the purposes of research and implementation of DM method of binary logistic
regression collected data are sorted into groups, as follows:

The first set of data

The first set of data is obtained from a survey of teaching staff of eight elementary
schools from the territory of the City of Belgrade and the municipalities of Cukarica,
Obrenovac and Rakovica .

Questionnaire - attitudes Likert scale 1-5, (8 independent and 51 dependent
variable),

Total 302 respondents (2 surveys are invalid), processed in the program tool
“SPSS” 300 polls.

Second group of data

The second group of data is obtained from a survey of parents whose children
attend primary school in the area of the City of Belgrade and the municipalities of
Cukarica, Obrenovac and Rakovica

Questionnaire - Likert scale paragraphs 1-5 (7 independent and 32 dependent
variables).

Total of 320 respondents (20 surveys were invalid), processed in the program tool
“SPSS” 300 polls.

Third set of data
With regard to the defined position of the Ministry of Education, Science and
Technological Development of the Republic of Serbia to the final examination determines
whether a student during its education mastere the knowledge and skills from Serbian,
or mother tongue, mathematics and the natural and social sciences (biology, geography,
history, physics and chemistry).
The third group of data consists of information about:
+ the total number of the employee of the teaching staff at eight elementary
schools from the territory of the City of Belgrade and the municipalities of
Cukarica, Obrenovac and Rakovica,
» the total number of pupils in these schools,
* the number of eighth-grade students at the end of the school year 2014/2015,
the results achieved (grade point average) during training in mathematics and
Serbian and mother tongue
» results of the final exam (students’ mastery of knowledge and skills).
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After the data collection and transformation of data into the software package
“SPSS” for the first and second sets of data it was performed factor analysis as follows:

- Exploratory factor analysis and

- Confirmatory factor analysis.

Exploratory factor analysis of the first group of data acquired through
questionnaires of teaching staff of eight elementary schools set aside a total of 13 factors
of 8 independent and 51 dependent variable, where the authors of this work, for the
comparative analysis of the data of the first and second groups of data, the 7 factors are
named: FN1 - method of operation and organization of the teaching classes (MRON),
FN2 - social factor (SF), FN3 - quality of work (KR), FN4 - the use of ICT in teaching
(ICT), FNS5 - syllabus (ON), FN6 — engagement of parents (AR) and FN7 — content of
textbooks (SU).

Using the confirmatory factor analysis it was performed data extraction method
“PCA - (Principal component analysis), which was verified by grouping variables, and it
confirmed that these variables are essentially grouped around the above factors.

Variables with a similar attitude or sense of the respondents for FN1 are V3 - In
your opinion, are the classes held successfully, V4 - In your opinion, your colleagues
perform successful classes, V8 - The success of the students from your course is at a high
level, V10 — Physical activity positively affect the learning ability of the students, V14
- Students are active in classes V15 - Students know how to applicate learned lessons,
V19 - Are you satisfied with the working conditions and V40 - Teaching by topics has
advantages over the teaching of particular cases.

Results of confirmatory factor analysis, total factor Explanation of variables: FN1
- the methods of teaching (MRON) are shown in Table 1.

Table 1. Display of results confirmatory factor analysis for teaching staff

Initial Eigenvalues Extraction Sums of Squared Loadings
Component Total % of Cumulative Total % of Cumulative
Variance % Variance %
1 3.759 46.992 46.992 3.759 46.992 46.992
2 913 11.409 58.401
3 .848 10.594 68.995
4 771 9.638 78.633
5 .691 8.640 87.272
6 .589 7.363 94.635
7 .239 2.990 97.624
8 190 2.376 100.000

Source: Author

Table 2. Presentation of the component matrix and confirmed grouping of these
variables around a single factor.
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Table 2. Component Matrix

Component
1
V10 .620
V14 11
V15 .809
V19 521
V40 577
A% 515
V3 .839
V4 .801

Source: Author

Factor analysis was performed using the same method for the second group of
data obtained in the survey of parents whose children attend primary school.

The results of confirmatory factor analysis are preserved in programming tool
“SPSS” as a variable for building a model of binary logistic regression.

As an important factor for predicting the level of achievement the author of this
work is carried out comparative analysis FN6 - involvement of parents (on teachers’
opinions) and FR6 - involvement of parents (parents’ attitude) using binary logistic
regression.

Confirmatory factor analysis confirms that the variables V16, V21, V22 are
grouped around a single factor, shown in Table 3.

V16 - Do you have regular contact with teaching staff of the school in which your

child is being educated,

V21 - Have you ever proposed to teachers in any way how the educational process

should be improve and

V22 — Does your child get enough attention at school by teachers?

Table 3. Results of confirmatory factor analysis

Component
1

V21 928

V22 982

V16 976

Source: Author

Results of binary logistic regression on the attitude of parents to FR6 factor - the
involvement of parents in relation to the level of achievement are shown in Table 4.
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Table 4. Showing results of binary logistic regression on the attitude
of parents to factor FR6

: 95% C Lior EXP(B)
B S.E. Wald df Sig. Exp(B) FTower oL Upper
V16 1.251 767 2.662 1 .103 3.495 77| 15716
Ste V21 .148 285 271 1 .603 1.160 .664 2.026
P v -1.387 771 3233 1 072 250 055 1.133
Constant 427 257 2.760 1 .097 1.532
Source: Author
Descriptive statistics of variables (V16, V21, V22) is shown in Tables 5, 6 and 7.
Table 5: Descriptive statistics of variables V16
Frequency Percent Valid Percent Cumulative Percent
1.00 195 64.8 64.8 64.8
2.00 9 3.0 3.0 67.8
3.00 33 11.0 11.0 8.
Valid 8.7
4.00 24 8.0 8.0 86.7
5.00 40 133 13.3 100.0
Total 301 100.0 100.0
Source: Author
Table 6: Descriptive statistics of variables V21
Frequency Percent Valid Percent Cumulative Percent
1.00 217 72.1 72.1 72.1
. 2.00 28 9.3 9.3 81.4
Valid
3.00 56 18.6 18.6 100.0
Total 301 100.0 100.0
Source: Author
Table 7: Descriptive statistics of variables V22
Frequency Percent Valid Percent Cumulative Percent
1.00 198 65.8 65.8 65.8
2.00 8 2.7 2.7 68.4
. 3.00 28 9.3 9.3 77.7
Valid
4.00 23 7.6 7.6 85.4
5.00 44 14.6 14.6 100.0
Total 301 100.0 100.0

Source: Author

Based on these results we can conclude that regular contact of parents with teaching
staff at the school have a positive impact on improving the level of student achievement
to a significant extent, the proposals on working methods also have a positive impact on
the improvement of the level, but to a lesser extent, the lack of attention to students by
teachers greatly decreases the level of education (applies to gifted students and students
with special needs).
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As described above, after the binary logistic regression, it is indicated that the
probability of the level of achievement for the analyzed residents is 0. 41, and it can be
increased by increasing the activity of parents both at the individual and the general-
school level.

After exploratory factor analysis, confirmatory analysis confirmed the obtained
results, in the table 8.

Table 8: Showing results of confirmatory analysis

1
V24 .864
V25 .864

Source: Author
Descriptive statistics of variables (V24, V25) is shown in Tables 9 and 10.

Table 9. Descriptive statistics of variables V24

Frequency Percent Valid Percent Cumulative Percent
1.00 40 13.3 13.3 133
2.00 152 50.7 50.7 64.0
Valid 3.00 84 28.0 28.0 92.0
4.00 24 8.0 8.0 100.0
Total 300 100.0 100.0

Source:Author

Table 10. Descriptive statistics of variables V250

Frequency Percent Valid Percent Cumulative Percent
1.00 46 15.3 153 153
2.00 173 57.7 57.7 73.0
3.00 32 10.7 10.7 83.7
Valid

4.00 39 13.0 13.0 96.7
5.00 10 33 33 100.0
Total 300 100.0 100.0

Source: Author

Results of binary logistic regression on the attitude of the teaching staff by a factor FN6
- the involvement of parents in relation to the level of achievement are shown in Table 11.
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Table 11. Binary logistic regression on the attitude of the teaching staff by a factor FN6

95% C.I.for EXP(B)
B S.E. Wald df Sig. Exp(B)
Lower Upper
V24 -.037 168 .048 1 .826 964 .693 1.340
Step1 V25 .097 137 .505 1 477 1.102 843 1.442
Constant 211 379 310 1 578 1.235

Source: Author

Based on these results we conclude that the active participation of parents in the
process of education have positive impact on improving the level of student achievement
to a considerable extent, while only participation at family level without the active
participation in the sphere of educational process will not affect the improvement of the
level of student achievement.

As described above, and after the binary logistic regression, it is indicated that the
probability of a higher level of achievement for the analyzed residents is 0. 59 and it can be
increased by increasing the activity of parents both at the individual and at the school level.

The results indicate that the probability of achieving a better level of achievement
is related to the cooperation of parents in the educational - training process for residents
is 0. 41 (paragraph parents) and teacher 0. 59. The results suggest that parents are less
likely to believe that cooperation with the teaching staff of the school can contribute to a
better level of student achievement.

6. Proposed structure of the system support schools
This section provides a description of the proposed system for DM data for primary
schools. The proposed solution is intended to collect data from a plurality of different sources.

Image 1. shows a proposal for a system with separate components as follows: data
sources, data processing and users.
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Data sources represent a set of available internal data and open data sources as
unique education information system which can be accessed via the corresponding
communication interfaces, which can be represented as a Web service.

Data processing is performed by the module that implements the techniques of
integration of data from available sources, and data mining techniques of the collected
data. Integrated Database is located in this model. Part of the data processing consists of
modules for data integration, integrated databases and modules for data mining.
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Data mining module implements the appropriate logic governing of the process
of data mining through the application of the method of binary logistic regression of
integrated data.

The results of performed analyses should sent to all users in order to undertake
measures to improve the educational process and to increase the level of achievement of
primary school pupils.

7. Conclusion

Primary education plays an important role in economic and social development
and all changes and reform processes in this field should lead to improving the economic
and social situation of a country. Past reform activities in the primary education system
of the Republic of Serbia point the importance of the reform process management as a
key factor to improve the quality of education and upbringing process.

Previous theories point out these factor as important ones for the professional
commitment of distinguished students: parents, teachers, social circumstances, the
current interests of “small graduates”, the balance between personal capabilities and
chosen profession, friends, etc. (Hossler, Braxton & Coopersmith, 1989).

Finding patterns, trends and anomalies in data groups, and their summation with
the proposed model is one of the biggest challenges of the information age - converting
data into information and information into knowledge.

The aim of this study was to develop a genuine, universal methodology of
forecasting and decision-making using binary logistic regression, which was confirmed
in case of management in order to achieve a satisfactory level of student achievement.
Basic existing problems the education policy is faceing are nonexistent connection
between economy and research institutions and very small funds and investments
into education and training, both on basic level, as well as for education and training
of adults (Knezevic & Veselinovic, 2015). Detecting variables affecting the education,
needs of labor market and providing measures that would follow individual before,
during and after the education has to be part of educational policy (Juznik Rotar, 2014).
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