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The present article offers a comprehensive technology for education data analysis which com-
bines monitoring methods with the methods of information and mathematical support for adminis-
trative decision making in higher professional education.
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Baabaemap Byiiunk, Cayie Cmainosa, Ingipa Yeaiiesa
PO3POBKA KOMIIJIEKCHOI TEXHOJIOI'TI
AHAJII3Y JAHUX 1010 OCBITHU

Y cmammi 3anponono6ano KoMnaekcHy Mmexmoa02il0 anaiizy OaHux w000 oceéimu, w0
00'conye memoou mownimopunzy, ingpopmauiiinoi ma anaiimuynoi niOMpumKu NpulHAMMA
ynpasaincoKux piuwens y cghepi euuioi npogheciitnoi oceimu.

Karouosi caosa: ananiz danux; npuiiHamms piuieHs, MOHIMOPUHE 3A00804€HOCMI CHONCUBAUIE,
OLAP-ananiz; meopis HewimKux MHONCUH.
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Baabnemap Byiiunk, Cayie Cmammm}’, Muaupa Yeaimena
PABPABOTKA KOMIIVIEKCHOUM TEXHOJIOTUU

AHAJIN3A JTAHHBIX 110 OBPA3OBAHUNIO

B cmampve npedaoxcena xomniexcnas mexmonocus awnaiuza OaHHbIX N0 00pa3oeanuro,
o00vedunsaowas memoobl MOHUMOPUH2A, UHPOPMAUUOHHOU U MAMEMAMuU4ecKol nodoepicku
npuHAMuUs ynpasienyecKux peuteHul 6 cghepe evicuteco npogheccuona1bHo2o 00pazoeanus.
Karouesvie caosa: anaiuz OauHuIX;, MemoObl NPUHAMUS — PelleHUl; MOHUMOPUHE
yoosaremeopennocmu nompeoumeneii; OLAP-ananuz; meopus Heuemxux MHONCECME.

Problem statement. The performed analysis of scientific research and develop-
ment in the field of creation of automated information systems for educational
processes management (Vasiliev, 1990; Linkov and Kulagin, 2002; Naykhanova and
Dambaeva, 2004; Sauanova, 2010) has shown that the majority of them are aimed at
the development of methods and approaches to analysis and administration of edu-
cation activities of an educational institution and at creation of automated education
process management systems.

In the majority of higher educational institutions in-house software solutions are
developed. Such solutions arise gradually as the need for automation of education and
managerial tasks are formed. Corporate information systems rank first among soft-
ware solutions, they are mostly oriented at automation of educational process man-
agement; software solutions for automation of business processes rank second.

The existing mathematical methods for analysis of information allow obtaining
more interesting and relevant data than average indices, that may be used at all levels
when managing an educational institution.

Data mining provides for the solution for the following tasks:
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- disclosure of a large amount of knowledge known as guesswork, or not known
at all before the use of data mining;

- detection of problematic situations at the level of data (e.g., poor academic
performance) and their causes;

- operational analysis of large data volumes (e.g., results of ongoing monitoring
during semester), and detection of deviations from the normal course;

- analysis of historical data in order to improve the educational processes in the
future.

Intellectualization of information systems in the area of higher education is a
promising development direction that can solve problems related to quality of educa-
tion services.

At the same time, the researched issue is the development of methods and mo-
dels for data analysis in education systems, as well as the deployment of an informa-
tion subsystem that would implement the mentioned methods and models, which
determines the relevance of the selected area of research.

Educational process management system is the object of this research. Methods
and models of data analysis that improve the efficiency of educational process mana-
gement of a higher education institution are of a particular interest.

Recent research and publications analysis. Currently, the methods of data mining
have become widespread in various fields. Such scientists as A.A. Barsegjan and
M.S. Kupriyanov (2004), G. Pyatetskii-Shapiro (2009), J. Han and M. Kamber
(2001), H.C. Romesburg (2004) have carried out research in this area. Problems
related to the educational processes data analysis have been considered in works by
R. Baker and K. Yacef (2009), L.I. Grigoriev (2008) and some others.

Unresolved issues. A situation when large volumes of information that are prac-
tically not processed aggregate within information systems is a characteristic sign of
modern management systems. The complexity of solving this problem consists in the
necessity to use intelligent information processing algorithms, that could give visual
and comprehensible results for decision making in order to improve education
processes. Traditional information analysis methods do not allow solving the prob-
lems of this class.

Specificity of data analysis in the area of education lies in the fact that the majo-
rity of data analysis problems imply the development of models that reveal patterns
within data. Therefore, descriptive mining models are the most popular one in the
area of education. These tasks give consideration to improved understanding of the
data being analysed. The key point in these models is the lightness and transparency
of the results for human perception. Perhaps, the observed regularities will be a spe-
cific feature of particular data analysed and will not appear anywhere else, but it may
still be useful, and therefore must be known. Clusterization and association rule min-
ing are referred to as the tasks of such type.

At present, forecasting problem in the field of education has less weight than the
problem of description. This could be explained by the fact that the education system
itself changes quite rapidly and there is a significant number of indirect factors within it.

An important aspect in the choice of models is their transparency, which is espe-
cially important in education. Transparent models, the meaning of which can be under-
stood without possessing any special knowledge, can be used to describe regularities.
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Intellectualization of information system in education involves the development
of specific education data analysis models that are based on classical statistical
approaches (Soltan et al., 2013).

Results of the research performed suggest that a comprehensive approach is
required for the educational process management based on monitoring of educatio-
nal process, the use of operational techniques, data mining and mathematical me-
thods of decision-making support.

Based on the results of the education management problems analysis, the pur-
pose of the research has been identified: improving the efficiency of educational
processes management based on the development of a comprehensive technology
which combines monitoring methods with the methods of information and mathe-
matical support for administrative decision making in the area of higher professional
education. The proposed concept includes monitoring of customer satisfaction,
monitoring of educational processes, methods of operational analysis and data mi-
ning, as well as relative assessment of academic performance based on the multicrite-
ria choice of alternatives in a fuzzy preference relation.

Key research findings.

1. Development of the concept for comprehensive education data analysis technolo-
2y. In order to ensure efficient operations of a quality management system and of an
educational institution in general, information environment needs to be created that
would allow managing processes, data and people. A higher educational institution's
information environment is a projection of business processes of this institution onto
the area of information technologies. There are 3 ways to create information systems
for a higher educational institution: development based on ERP-systems, acquisition
of ready-made developments and in-house developments.

With a view to increase the efficiency of educational processes management, the
present research offers the following approaches:

- in terms of implementing ISO standards and TQM methodology (quality is
defined by customers);

- based on information technology, which gives new data analysis capabilities to
support decision making;

- application of decision-making methods based on the fuzzy sets theory.

Monitoring of customer satisfaction with education based on the methods of
questioning is used in the research for the purpose of implementation of the first
approach. In accordance with ISO 9001-2008, an organization shall determine and
implement effective arrangements to ensure communication with its customers. A
developed, documented and implemented procedure for collection and evaluation of
customer satisfaction information may be a part of such arrangements.

Implementation of the educational process management approach based on
information technologies ensures more efficient use of university resources to per-
form monitoring of educational process using a unified quality criteria system, to
carry out prompt response to changes in external and internal environments, and to
improve organisational structure of university administration with the purpose to
ensure its interaction at various levels, determining strategic goals and objectives of
the organization in the area of quality, also evaluating the satisfaction of internal and
external customers etc. (Soifer et al, 2006). Within the framework of IT application
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operational analysis of data and data mining were implemented in the present
research, allowing the detection of hidden regularities in educational process data.

Peculiarity of the third approach stems from the fact that educational processes
management is classified as a hard-to-formalize and a multifactor problem. Using the
apparatus of the fuzzy sets theory to assess the quality of educational process would
allow considering avoidable uncertainties, measuring them quantitatively, and, con-
sequently, obtaining a more accurate evaluation.

Thus, the relevance of this research is determined by insufficient development of
methods for targeted and continuous improvement of characteristics of the educa-
tional system that would take into account the multicriteriality of tasks being
addressed and the inherent uncertainty of data.

Therefore, the comprehensive technology of education data analysis is a tech-
nology comprising operational analysis and data mining related to educational
process data, methods of monitoring customer satisfaction and educational proces-
ses monitoring, as well as the methods of decision making based on the fuzzy sets
theory.

Implementation of a comprehensive technology involves the processes of col-
lecting and processing education process data. Data-flow diagram of a comprehen-
sive education data analysis technology is shown in Figure 1.

The diagram shows the interaction of processes in monitoring the customer
satisfaction, educational processes status and the data analysis process.

2. Operational analysis and data mining for the educational processes data.
Information systems of higher educational institutions in Kazakhstan accumulate
large amounts of information on education activities of students. This data is mostly
used for statistical reporting purposes and when ranking students according to their
total average score obtained during the entire education period.

It proves necessary to use operational data analysis and intelligent information
processing algorithms, that could give visual and comprehensible results for decision
making to improve the education processes. However, certain problems remain
unsolved, such as the issues of application of data mining methods for data analysis
and decision making in the area of education (Baker and Yacef, 2013).

OLAP-analysis results allow for timely and reasoned decision making in educa-
tional processes management.

This paper presents a methodology for data mining implementation on educa-
tional processes data in order to search for large amounts of data related to non-obvi-
ous, objective and practically useful regularities. The scheme of the proposed
methodology is shown in Figure 2.

3. Development of an algorithm for analysis of academic performance data based
on the multicriteria choice of alternatives. Following the implementation of the rating
system in higher educational institutions, the amount of information on educational
processes status has increased significantly. The task of rating data analysis and pro-
cessing becomes essential, as does interpretation of the results obtained to ensure
management of the above processes.

In order to solve the tasks of streamlining data under the conditions of fuzzy ini-
tial information, fuzzy data analysis methods were used, as proposed by L.A. Zadeh
(1976).
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* Dales — Serikbayev East Kazakhstan State Technical University educational portal database.
Figure 2. Methodology of data mining implementation on education data,
authors’ development

S.A. Orlovsky (1981) suggested the techniques developed to process fuzzy infor-
mation given in the form of fuzzy sets, which lead to new formulations of optimiza-
tion and game problems. A.N. Borisov et al. (1990) offered a decision-making
method based on the development of a set of non-dominated alternatives based on
fuzzy preference relations.

These methods make it possible to solve the task of relative assessment of stu-
dents' academic performance in various groups and to rank students of one group
based on the sets of subjects.

Algorithm scheme for evaluation of academic performance based on the multi-
criteria choice of alternatives is shown in Figure 3.

According to the given algorithm, the following serve as the input data: a set of
alternatives {x;}, set of attributes of each alternative {a;}, coefficients of relative impor-
tance of attributes {A,}.

Preference matrices Rk for each attribute are formed. Information on the pair-
wise comparison of alternatives for each feature is presented in the form of fuzzy pre-
ference relations (fuzzy relation "no worse” was introduced): ifx; > x;, then p,(xx;) =
1, otherwise W (xx;) = 0. After matrices are formed for each feature, a matrix is con-

structed for Q; fuzzy relation as intercrossing of all R,.
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Figure 3. Algorithm scheme for academic performance evaluation based
on the multicriteria choice of alternatives, authors’ development

Then, a strict preference [q,” fuzzy relation matrix is formed, and the degree of
non-domination of alternatives is found according to Q; relation).

The Q, matrix is formed; a set of non-dominated alternatives is constructed for
Q.

Intercrossing of Hg; and Wy, is the last step; it characterises the degree of an
alternative's non-domination.

4. Software implementation of the comprehensive education data analysis technolo-
gy. The proposed comprehensive technology for education data analysis was imple-
mented in the form of an information analytical system (IAS). The purpose of this
IAS is to increase the efficiency of education processes management in a higher edu-
cational institution through the use of monitoring facilities and intelligent methods to
ensure decision-making support.

The outcomes of implementation of the comprehensive education data analysis
technology prove useful not only for management-related and organisational decision
making by managerial staff, but for students as well. The results will contain informa-
tion that enables students objectively evaluate their own abilities and develop their
own learning strategies. Carrying out operational analysis and data mining provides
an opportunity to close the cycle of education process management.

Implementation of the information analytical system for educational process
management (Figure 4) has a modular structure and contains the following 3 modu-
les:
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- Monitoring of customer satisfaction module — implements basic tasks related
to the analysis of opinions of customers in the educational process;

- Operational analysis and data mining module — allows solving a number of
tasks related to educational process;

- Multicriteria evaluation of academic performance module — carries out rela-
tive assessment of academic performance and ranking of students by various criteria.

.-
= ‘Web-application o B .
Respondents —p .S ’\ «Monitoring of customer § % gﬁlcgtnitoﬁgﬁg
= / satisfaction» s
Q
—_ S\
& Windows application /1 5
Analyst —p| ® «Operational analysis and (S
© / data mining» \{ g .-
% & SPortal
= = database
=] '\ Windows application /1 £
Administrator —| § «Multicritera evaluation A
/ of academic performance» \{
[ ]
( \ =—_ @ =
Database server TAS database

Figure 4. Architecture of the IAS implementation, authors’ development

5. Key findings of the experimental study. 168 066 records have been created in the
Operational Analysis and Data Mining Module to ensure experimental processing of
data. Of those, "Instructional set” amounted to 100839, "Testing set" amounted to
40336, and "Forecasting data" — to 26891 records.

Data to be analysed were collected in IAD OP DB from the Serikbayev East
Kazakhstan State Technical University educational portal database for 2009—2012.
To ensure experimental processing of data, the following fields were considered for
the analysis: department, department of graduation, year of admission, group, full
name of student, specialty, year of study, education basis, year of study when the sub-
ject was studied, subject cycle, number of credits, language of study, UIT score, RK1,
RK2, examination, school, type of high-school graduation certificate, high-school
graduation certificate score, absence, professor, academic degree, academic rank,
position, full-time/part-time, teaching and guiding, research work, educational
work, research and development of the department, material and technical facilities
of the department, involvement of foreign scientists.

Prior to the development of a model for data mining, a user is given an opportu-
nity to perform the analysis of the key impact factors. The analysis of the key factors
impacting the successful passing of the examination period has shown that the fol-
lowing factors have a more significant impact: absence, year of study, education basis,
speciality, educational work.

An analyst has an opportunity to develop IAS models based on the structure built
at the preceding stage and based on the following algorithms: decision-making tree,
neural network, simplified Bayesian algorithm, logistical regression, time series.
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Educational process data modelling results are presented above. Figure 5 shows
the results of classification based on a decision-tree algorithm, where probability for
an option (passed/not passed) can be seen for each node. A developed decision-mak-
ing tree and a dependency diagram are shown for the created model. The decision-
making tree shown in Figure 6 allows assessing the developed model. There is also a
possibility to set the number of tree levels displayed.

Conclusions. Therefore, the following major scientific and practical research
results have been obtained:

- a concept for comprehensive education data analysis technology has been
developed; it includes monitoring facilities in the area of education and intelligent
methods of decision-making support;

- a methodology for educational process data analysis has been developed; it is
based on methods and models of operational analysis and data mining;

- an algorithm for relevant evaluation has been proposed to evaluate academic
performance based on the multicriteria choice of alternatives;

- architecture of information analytical system of educational process manage-
ment has been proposed.
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