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Abstract

This paper presents the methodology for definition of behaviour patterns, success criteria and
formation of clusters of students. The objective is the formation of clusters at an early phase, while a
student has not even started studies yet. With the formed clusters, improvement activities are
implemented as a part of support system in decision making towards better results of higher
education. With the presented research, sustainability and the originality of the approach are proved,
by which the support system in decision making in the information system is improved at higher
education institutions. For definition of behaviour patterns, Business Intelligence tools were used: On-

Line Analytical Processing (OLAP) and statistical analyses.
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1. INTRODUCTION

The vast amount of data is collected and located both
on the Internet and in the field of information systems
(IS) of companies, institutions, institutions of higher
education. From a variety of data one should extract the
most useful information [1], [2] for timely (decisions and
corrective) activities. There are a number of software
[3], [4], techniques, tools, known as Data Warehouse
(DW), data mining, OLAP, etc., all within the Business
intelligence technology — BI [5]. All of them should
enable the quick and efficient way to get the right
information relevant for decision-taking. However, the
use of Bl in higher education is not used extensively
enough (e.g. in Croatia [6]) or is not automated
sufficiently [7]. At higher education institutions, the
indicators are: a pass examination rate in the
examination period, an average mark at exams, and a
pass rate from one semester to the next one and so on.

1.1 The objective of the research and hypotheses

The objective of this paper is to identify students (at an
early phase, while a student has not even started
studies yet) those who shall abandon (drop out studies)
further studies (they shall not study in the next

academic year or next semester) or those who shall not
study in continuity (they shall attend again the same
academic year, i.e. semester) - cluster of students,
hereinafter referred to as: CoS-year student. The set
hypotheses (H designations and item number) in terms
research objectives are:

— H1: correct design of OLAP reports and modelling of
them, trends can be determined by a pass rate of
students per study programs and semesters;

— H2: by a definition of the criterion COimit dependent on
the achieved success of students in secondary school -
the previous level of education and its implementation,
it is possible to identify students from a generation
(Gyear — e.g. Generation of 2007 will be designated
GO07) who are CoS-year students;

— H3: by a definition of the criterion Climit dependent on
the achieved success of students in one of the subjects
at the Admission test or complete Admission test and its
application, it is possible to identify students from a
generation who are CoS-year students;

— H4: to define a combination of criterions COimit and
Climit and by applying the combined criterions, it is
possible to identify students of a generation who are
CoS-year students.
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2. REFERENCES AND PREVIOUS RESEARCH

The importance of the application of OLAP tools and BI
technologies in processing of data relevant to a
particular segment of organisation's business is shown
in many papers [9], [10], technologies that are used by
Bl [2], [4], and application multiple criteria analysis in
higher education[11]. However, the number of studies
that research the possibility of using Bl technology at a
higher education organizations (for example, Thailand
[12]) to improve the educational process is small (the
same conclusion was made by [7] for developing
countries). The study [8] presents Bl technologies (the
eUNIV and e-EdU-Quality Projects) for quality
assurance at some higher education institutions in
Romania.

A survey in [3] shows that a relatively small number of
IT students have an idea what Bl is and they ,see” Bl as
a possible field of employment. The problem for the
successful implementation of Bl tools is how to utilize
data efficiently (ETL process - Extract, Transform and
Load [6]) from IS higher education institutions (or from a
Student Relationship Management — SRM [13] or DW)
for identifying and predicting a students’ behaviour.

Research studies [14], [15] describe the techniques of
data mining from an e-learning system and form
students’ behaviour patterns. Research studies [7], [12]
presents a conceptual model and tools of Bl and OLAP-
based DW to support management in decision-making
at higher education institutions, as well as other studies,
ignore the data available at higher education institutions
when enrolling students at the institution itself (the
importance of research) and that should be the start of
data mining in the e-learning system. A certain time is
necessary to elapse for forming the data in the e-
learning system (studying time). Some educational
activities that are to improve the process can be
realized without waiting for formation of the data in the
e-learning system.

Luan[16] describes a case study in the U.S., how data
mining techniques are used for monitoring and
identifying the profile of community college students
(described with significant attributes; in this paper: H1-
H4) those students who continue towards higher levels
of studies (four-year institutions), which provides
significant benefits for all the stakeholders. It also
shows the measures of help and support to students in
the process of continuing the studies (including financial
assistance as well) towards a higher level of studies
(four-year institutions). A similar study [17] was
conducted in Spain, on Secondary Schools, in order to
helping about the academic orientation of student.

The study [18] presents the methodology and
developed model for anticipating which students will
abandon studies and that is for the purpose to start up
certain improvement activities. The anticipation is
performed at the end of the first semester, while in this
paper it is anticipated earlier, when a student enrolees a
higher education institution.

Heise [19] points out that the reason for his study is a
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small number of research studies: how the data from
the DW are used to improve the support to a complex
decision-making for process (a similar conclusion by [7]
in the United States Higher Education). The study [13]
emphasizes the problem of Higher Education of
Portugal, that students abandon usually in the first year
of studies and they recommended the development of
Student Relationship Management (SRM) system. The
data collected from the e-learning system are used for
data analysis with the help of OLAP and data mining
tools for undertaking improvement activities.

The study [6] presents an example of a successfully
developed national information system (Croatia) for
higher education where an important item is the Data
Warehouse system and its own-developed BI tool for
data analysis: a pass rate, the average mark of
students at exams, pass rate and average mark
considering the position of a teacher, etc.

The paper [12] presents how Bl was implemented in
higher education, also at the national level, in Thailand,
which Bl technology is used and key factors for
successful  implementation are identified: 1)
completeness and the data integrity and 2) the
intelligent OLAP tools to support fully the a decision
support system (DSS).

3. METHODOLOGY

During this research, which has resulted in formation of
reports, graphs, criteria, numerous methods were used:
the method of analysis (OLAP), statistical analysis
(measures of dispersion and measures of distribution
form) and the method of synthesis as components of Bl.

If students want to start their studies at higher education
institutions in Serbia, they have to take Admission tests.
An Admission test consists of a knowledge check in one
or more subjects/fields which prospective students,
applicants-candidates for studying, had studied at the
secondary school (the previous level of education).
Results, respectively the demonstrated knowledge of
candidates in the Admissions test is measured in terms
of points (a correct answer to a question or a task
brings a previously-defined number of points) for each
subject/field individually. Together with the results from
the Admission test, candidates’ result/success from
their previous level of education is evaluated
(Secondary School) by this rule: the sum of average
marks of a candidate in all four years of Secondary
School is multiplied by number two. The minimum
number of points that candidates can get for the
result/success from Secondary School is 16 and the
maximum is 40. Based on these two criteria (Points
from Secondary School and Points at Admission test)
candidates can achieve: the minimum of 16 and
maximum of 100 points.

The progress of students during the research is
monitored and expressed with the parameter: an
enrolled semester. With the semester enrolled, a
student acquires the right to attend classes from that
semester. Data are collected through a survey which is
carried out during the application of candidates for
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taking an Admissions test. Data available at all higher
education institutions in Serbia during the enrollment of
students in the first semester are:

1) achieved an average mark in Secondary School (link
to H2), which is expressed in number of points,
hereinafter referred to as: Points from Secondary
School or CO and

2) achieved number of points at the Admission test (link
to H3).

In order to track and describe the indicators of point’s
allocation, the authors used the dispersion measures: p
- arithmetic mean, and o- standard deviation. In
accordance with the set goals of the research (item 1.1)
and the hypotheses H2 and H3, a general expression
for the criteria (quality indicators) of all the levels of
higher education is defined:

Ckiimit = pk — Ok Q)
where is:

k =0,1, 2, 3 .. 10 — a criterion designation; uk -
arithmetic mean of points of students as per k criterion;
ok - standard deviation of points of students as per k
criterion.

Concretely, for the hypothesis H2 (CO criterion
dependent on: Points from Secondary School, i.e.
achieved result/success of students in Secondary
School), the expression (1) has the form:
COiimit = po — 0o (2.0)
N COi
where is: po - arithmetic mean for CO, po= ) ——;
i=1
N - the total number of students at a study program and

N
0o - standard deviation for CO, 0o = \/%Z:CO,2 —ul .
i=1
The criterion COiimit is obtained on the basis of data for
the generation of students at study programs who
enrolled in the first semester (hereinafter referred to as:
start Gyear) - higher education institutions have
available these data at the enrollment at a higher
education institution. If the i-th student has COi (number
of Points from Secondary School) less than COiimit, i.€.
COi <CO0imit, such a student is identified (hypothesis H2)
as a student CoS-year. Hypothesis H2 can be
expressed:
H2: COi < COiimit => CoS-year (2.1)

Also, in accordance with the hypothesis H3 (a criterion
dependent on: Points at the Admission test or C1, i.e.
from the achieved result/success in one of the subjects
at the Admission test or a complete Admission test), the
expression (1) has the form:

Cliimit = p1 — 01 (3.0)
where is: w1 - arithmetic mean for C1 and o: - standard
deviation for C1.

The criterion Climit iS obtained based on the data as
well as the criterion COimit. If the i-th student meets the
condition Cli <Climi, a student is identified (hypothesis
H3) as a CoS-year student. Hypothesis H3 can be
expressed:

H3: C1i < Cliimit => CoS-year (3.1)

By using adequate tables and graphs from any OLAP
application that provide OLAP analysis, one can get to
new and useful information in a fast, efficient and
adequate way. The whole process of OLAP analysis is
simple and intuitive for the top management. Forming a
data file in a table format, analyzing these data by
presenting the same data in different views, one obtains
the information necessary for DSS based on facts, i.e.
data.

4. A CASE STUDY - OLAP REPORTS FOR
ANALYSES IN HIGHER EDUCATION

The entire research, and the proofs for the hypotheses
H1-4, were carried out on a case study: Business
Technical College of Vocational Studies (BTC) in Uzice,
Serbia. The research that was conducted, comprised
the population of students of BTC study programs:

— per five study programs (hereinafter referred to as:
SP), the generation in 2007 (GO7 - 414 students) and in
2008 (G08 - 501 students) and

— per six SPs, the generation in 2009 (G09 - 486
students) and in 2010 (G10 - 478 students),
the total of 22 study programs, 1879 students.

In the tables and graphs below, a part of the data
obtained from research for reasons of available space
and clarity of presentation of On-line analysis is
separated. Roman numerals (I, lll, V, etc.) represent
enrolled the first, third, fifth semester and so on, while
designations with indices "a" (I-a, lll-a) represent re-
enrolled (the letter "a" has a meaning: the student did
not satisfy the criteria for admission to the next
semester. CoS-year student) the first, third, fifth
semester.

4.1 Trends in passing rate of students: H1

Based on the analysis of data and histograms (Fig.1), in
accordance with the hypothesis H1, it is possible to
determine the trend: in all SPs there is a decline in the
number of students at a transition (enrolment) of
students from first semester towards the next
semesters. A similar phenomenon exists in the Higher
Education of Portugal [13]. This trend is somewhat less
expressed in the transition of students from the second
/ third into the fifth semester (Fig. 1).
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Figure 1. Percentage of students by SP in Il, [l and V
semester compared to the start generation

In Figure 1, there are graphs, histograms for students of
BTC generation in 2007, and they are similar to the
generations of 2008, 2009 and 2010. Based on these
analysis and identified trends (hypothesis H1), for
further research data for I, Il, Ill and V will be valid
semester generation of students that will be compared
with each other and the regularity and legality of
students' behaviour will be established.
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By analyzing the data from Fig. 1, it can be concluded
that a further research is possible in order to anticipate
and identify CoS-year students.

4.2 Trend (H1) dispersion measure and
distribution form of COi and C1i for H2 and H3

In accordance with the set hypotheses H2 and H3, the
data are analyzed for COi - Points from Secondary
School and C1i - Points at Admission test at the level of
study programs.

4.2.1 Trend of arithmetic mean for CO and C1

In Figure 2 there are given histograms for the
generations of students from 2007 to 2010, for the
study program 21 (SP 21). From the histogram, it is
concluded that there is a trend that students who have
a higher number of points CO (they achieved a higher
average mark in their Secondary school and thus were
better students) they study in the continuity (they enrol
the final semesters at SP) and do not interrupt studies
(a confirmation of hypothesis H1). The same trend is
present for other SPs.
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Figure 2. The arithmetic mean of CO (uo): per semesters

By analysing the histograms in Figure 3, the conclusion
is that there is a trend (hypothesis H1) as well as for the
criterion CO and the same character of the trend.
Students who have a higher value of C1 (they showed
greater knowledge at the Admission test and achieved
a higher number of points) study in continuity and do
not interrupt their studies. The same trend is present for
the remaining SPs at BTC and their histograms are not
given for the reasons of available space.
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Figure 3. The arithmetic mean of C1 (ul1): per semesters

In accordance with the hypotheses H2 and H3, and the
methodology used, the standard deviation ok is
analyzed for criteria Ck, k =0, 1.

4.2.2 Trend of standard deviation for CO and C1

From the histograms in Figure 4, it can be seen that the
standard deviation has a declining trend (hypothesis
H1) per enrolled semesters of generations of students.

This means that the grouping of CO data is closer to the
arithmetic mean, and in practice, it allows identifying
students who drop out further studies and proving for
hypotheses H2 and H3.
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Figure 4. The standard deviation of CO (c0): per semesters

Figure 5 shows that o1 (standard deviation for C1) has
a tendency of slight increase (H1) in relation to the
enrolled semester of generation of students. In Figure
5, there is an example for a study program 41 and the

trend is the same as for other study programs at BTC.
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Figure 5. The standard deviation of C1 (o1): per semesters

5. IDENTIFICATION OF THE CoS-YEAR
STUDENTS AND DISCUSSION

OLAP reports represent a start-up for identification of
CoS-year students needed for a decision support
system within the business intelligence of the higher
education institution. In accordance with the set
objective of the research and hypothesis H2 and H3 the
number of students by study programs was determined
(Table 1) from the generation of students who met the
conditions 2.1 and 3.1.

5.1 Hypothesis H2: CoS-year students

The established criterion COimit identified for G10, on
average, 64% of students who are Co0S-2010 (enrolled
[, I, or lll semester but not the V semester) out of the
total number of students who met the expression 2.1 (a
column (I+lI+111)/ Total, H2 - Table 1). The data are
similar for G0O7, G08 and G09: 76%, 76% and 63%. At
the same time, the identified students by the expression
2.1 are, on average, 24% of students of C0S-2010
(Table 1, a column (I+lI+11l)/ ZC0S2010). Because the
percentage of successfully identified students CoS-
2010 based on the criterion COimit is high, it can be
started with the identified students, with the
implementation of additional, educational activities in
order to reduce abandonment of the studies.

5.2 Hypothesis H3: CoS-year students

The same analysis, as for CO data, was also conducted
for C1 data and hypothesis H3. Based on the trends for
C1 data, Climit criterion defined by the expression 3.0
was modified for two reasons:

1) the value of standard deviation o1 (Figure 5) is, in
some cases, higher compared to the arithmetic mean p1
(Figure 3), i.e. o1>u1, so that the proposed criterion
Climit can have a negative value (minimum is O points),
2) the value of C1 may be a whole number or value =
an integer (whole number) + 0.5.

In a further analysis, the criterion Climit was initially
calculated by the expression 3.0 and corrected:
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1) if it is CLimit £ 1, the value of the criterion C1iimit = 1,
2) if it is Climit > 1, the value of the criterion is rounded
to the first higher value by the rule: the integer or

integer + 0.5, depending on which value is closer to the
calculated value.

Table 1. Number and percentage of students CoS-2010: hypotheses H2 and H3

Semester

Gene-  Study | ) " N total | (HIHI) ZCOS (il
ration f’:r)ns Total 2010  3C0S2010
g H2 H3 H2 H3 H2 H3 H2 H3 H2 H3 H2 H3 H2 H3 H2 H3

11 4 3 2 1 - - 1 3 7 7 8% 5% 30  20% 13%

21 1 2 5 4 3 1 5 13 14 20 64% 35% 31 29% 23%

2010 31 3 4 3 2 - 2 7 8 13 75% 46% 24 25% 25%
41 3 4 2 3 1 - 4 7 10 14 60% 50% 23 26% 30%

52 2 5 1 4 2 3 10 19 15 31 33% 39% 28 18% 43%

61 7 6 6 8 2 3 8 17 23 34 65% 50% 53  28% 32%

Average 64% 46% 24% 28%

Such a corrected criterion is the beginning for
hypothesis H3 and represents the criterion CZLliimit in
expression 3.1. On the basis of the expression 3.1, the
number of students from the generation (C0S-2010)
was determined, the students who met it and it is given
in Table 1. The established criterion Climit identified, on
average, 46% of students for G10 who are CoS-2010
(they enrolled 1, I, or Ill semester but not the V
semester) out of the total number of students who met
the expression 3.1 (a column (I+1I+ll)/Total, H3 - Table
1). Similar are the data for GO7, G08 and G09: 69%,
52% and 57%. At the same time, the identified students
are, on average, 28% of students of CoS-2010 (Table

1, a column (I+lI+111)/ZC0S2010). The percentage of
successfully identified students CoS-2010 based on the
criterion Cliimit is lower than the criterion COiimit, but still
significant, so that on the basis of this criterion also, one
can start with improvements with the identified students
and with the implementation of additional, educational
activities.

5.3 Hypothesis H4: CoS-year students

The research continues in regard to the hypothesis H4:
combinations (union and intersection) of hypotheses H2
and H3, i.e. expressions 2.1 and 3.1 (Table 2).

Table 2. Number and percentage G10, H4: Union H2+H3 and Intersection H2NH3

Semester
Study (I+1+1), ZCoS  (I+H+1y
?a?::)?] pro- ! I i v Total Total 2010  $C0S2010
grams H2+ H2N H2+ H2N H2+ H2N H2+ H2N H2+ H2N H2+ H2N H2+ H2N
H3 H3 H3 H3 H3 H3 H3 H3 H3 H3 H3 H3 H3 H3
11 7 - 3 - - - 4 - 14 - 71% 0% 30 33% 0%
21 3 - 7 2 4 - 17 1 31 3 45% 67% 31 45% 6%
BTC 31 5 2 3 2 - - 8 1 16 5 50% 80% 24 33% 17%
2010 41 5 2 5 - 1 - 10 1 21 3 52% 67% 23 48% 9%
52 5 2 4 1 4 1 23 6 36 10 36% 40% 28 46% 14%
61 8 5 12 2 5 - 21 4 46 11  54% 64% 53 47% 13%
Average 52% 53% 42% 10%

The percentage of students who can be identified if one
of the hypothesis is met, H2 or H3 (2.1 or 3.1) or both
hypotheses together, H2 and H3 (hereinafter referred to
as: Union H2 + H3), does not represent the sum of the
previously listed percentages because there are
students who were identified by both hypotheses (both
H2 and H3). The union H2+H3 (Table 2) identifies, on
average, 52% of students for G10 who are CoS-2010
out of the total number of students who met one and/or
both hypotheses (a column (I+1I+11l)/Total, Table 2). At
the same time, the identified students are 42% of the
students of Co0S-2010, (Table 2, a column (I+II+I)/
2CoS 2010), while the percentages for GO7, GO8 and
GO09 are: 48 %, 39% and 44%. Percentage of students
who were identified by both hypotheses together, H2
and H3 (expressions 2.1 and 3.1, hereinafter referred to
as: Intersection H2NH3), for GO7-G10: 87%, 81%, 80%

and 53% while the percentages compared to the total
number CoS-2010 are: 9%, 10%, 8% and 10%.

5.4 The number of CoS-year students

It is necessary to determine the percentage of identified
students as per the above hypotheses (H2, H3, H4) in
relation to the Start Gyear (Fig. 6). If this percentage is
high, then it is better to implement in practice more
educational activities over the entire generation or to
look for another, a better quality criterion meaning an
adequate number of identified students.

Figure 6 shows that, when the identification students
(H4) is applied: Union H2 + H3, this percentage for G10
is in a range of 27.6% to 37.9%, an average of 33.9%.
The average for GO7, GO8 and GO09 is: 37.2%, 32.9%
and 32.1%. The above percentages are high (about and
above 1/3) and it is not rational for perform additional
educational activities.
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Figure 6. Percentage of identified CoS-2010 compared to the
Start G10: H2, H3, H4 (H2+H3 and H2NH3)

Percentage of identified students for the hypothesis H2
compared to the start G10 is within the limits: 13.8% to
17.6%, on average 16.0%. The average for GO7, GO8
and GO09 is 19.4%, 15.5% and 17.5%. Percentage of
the identified students by the criterion: intersection
H2NH3, compared to the start G10 for is within the
limits: 0.0% to 10.5%, on average, 6.0%. The lowest
percentage of identified C0S-2010 compared to the
Start G10 is obtained by applying the hypothesis H4,
the criterion: Intersection H2NH3 and the highest
percentage by using the criterion: Union H2+H3.

6. CONCLUSION

Previous analyses (Chapters 4 and 5) contain a part of
the discussion on the results because it is impossible to
create reports without emphasizing the meaning and
significance of certain results of the report.

The set objective of the research: to define clusters of
students it was achieved with the help of proven
hypotheses H1-H4: identified CoS-year students. With
the identified students, one can start the implementation
of additional educational activities in order to reduce the
abandonment from the studies. A limiting factor is in the
number of identified CoS-year students. Hypothesis H4,
a criterion: Intersection H2NH3 has the lowest
percentage of identified students in comparison to the
Start Gyear and it is important to point out, the
percentage (%) of successfully identified CoS-year
students is high, about 1/2 (H2 has a higher average).
Criterion: Intersection H2NH3 is the basis on which it is
possible and necessary with the identified students to
start up additional educational activities. Out of the
remaining hypotheses, the analysis in Section 5.4
shows that the hypothesis H2 is sustainable for
additional educational activity. The number of identified
CoS-year students as per hypotheses H3 and H4, the
criterion: Union H2+H3 suggests starting up educational
activity or modification of the criteria established in
hypotheses H3 and H4. Also, the derived proofs of the
hypotheses H1-4 suggest that it is necessary to include
the data with which the higher education institution
disposes about the students during the enroliment
process in the first semester in the process of data
mining from the e-learning system.

The results of the research represent a significant
percentage of identified students to whom the higher
education institution must pay an additional attention
and to direct some additional educational activities. The
methodology presented in Section 3 - Methodology,
together with the presented criteria is independent of
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higher education institutions and the nation, and is
applicable to any higher education institution.
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