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Mathematical Basis and Information System Software
for Educational Institutions Ranking

Indira Uvalieva Ruslan Chettykbayev
Information systems Business Department
department, Kazakh American Free
D. Serikbaev East Kazakhstan University
state technical university Oskemen, Kazakhstan
Oskemen, Kazakhstan RKChettykbaev(@kafu kz

IUvalieva@mail.ru

This paper describes the development of information system
software for educational institutions ranking. Analysis of the
existing mathematical models of educational institutions ranking
was conducted; the mathematical apparatus and ranking
algorithm of educational institutions on the basis of an integral
indicator of quality was proposed; an experimental study of the
software was conducted; the architecture of a software
implementation of information system was designed and
described.

Key words: ranking algorithm, comparative assessment of an
activity, information system of ranking, integral index,
experimental research.

INTRODUCTION

One of the most important conditions for a real
modernization of the educational system is the improvement of
information support of the development and implementation of
educational policy and managerial decisions [1]. One of the
most effective and high demanded tools in this regard is the
ranking system on the indicators of the educational
development, which would allow, particularly, to provide an
objective comparative assessment of the effectiveness of
educational institutions activities.

The object of the study is a comparative assessment of
educational institutions activities. The subject of the study is
the information system of educational institutions ranking,

The goal of this study is to design information system
software for educational institutions ranking.

To achieve the goal were identified the following
objectives:

e to do the analysis of existing mathematical models of

educational institutions ranking;

e to propose the mathematical apparatus of the
educational institutions ranking based on the integral
indicator of quality;

e to describe the ranking algorithm of objects of higher
education system,

e to conduct an experimental research of the designed
software;

© 2015 IEEE

Anar Utegenova Shara Toibayeva
Computer and program Computer and program
engineering department engineering department

Kazakh National Technical «Turan» university
University after K.1.Satpaev Almaty, Kazakhstan

Almaty, Kazakhstan

utegenova7 7@mail.ru

shara_t@mail.ru

v

e to develop and describe the architecture of the software
implementation of the information system,

THE EXISTING MATHEMATICAL RANKING MODELS OF
EDUCATION INSTITUTIONS

A. Kazakhstani ranking model of educational institutions

Today in the Republic of Kazakhstan the ranking of regions
is conducted. It is necessary for analysis and estimation of the
education systems. It is conducted according to the indicators
of education quality on the region level. They are:

®  education availability;

o the quality of financial as well as material and

technical resources; ;i

e the personnel quality;

e the results of education institutions activities [2].

Each of these indexes are determined by more significant
indicators influencing the rating of regions. The rating scale is
divided by expert estimation method into 44 grades according
to the weight coefficients of indices significance.

More than 100 representatives of the educational system in
different regions of the Republic of Kazakhstan took part in the
poll concerned to the determination of the weighting
coefficient and its significance. The weighting coefficient of
each index is determined by two-grade scale. As a result the
average weighting coefficients of significance of all indexes
and indicators were determined.

The rating grade was calculated according to the following
formula (1):

R,u=R,+R, +R, +R, )

result

Here R .., is the rating result grade of the region; R, is
the rating grade by education availability; R,q is the quality of

financial as well as material and technical resources; qu is

the personnel quality; R is the results of educational
institutions activities.

The rating grade of education availability is calculated by
the following formula (2):
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Here Ri is the rating grade of the region by i-indicator; Ki is
the weighting coefficient of the significance of i-indicator
determined by the expert poll. [3]

B. The Russian ranking method of educational institutions

The main task of ranking is a complex comparative
assessment of regional educational systems, characterized by a
number of different indicators. The most important is ensuring
the completeness, uniformity and comparability of the used
data,

The uniformity and comparability of data is achieved by the
transition from the absolute values to the normalized values of
the indicators.

In general, the normalized value of the index for each
region is defined as the ratio of the absolute value of the index
to a certain standard. As the standard can be used:

Russian average value;

the minimum possible value (“negative”);

the maximum possible value (“positive”);

standard value (norm adopted in the educational
standard or established sanitary norms);

e  arithmetic mean value [4].

In provided ratings the rate setting of the indicators was
implemented based on the Russian average level for the
purpose of correlation with the corresponding data in Russia.

The institutions ranking adequacy can be improved by
applying the weighting coefficients that would determine the
degree of indicator’s influence on the formation of integrated
rating assessment that reflects its purpose (thematic focus). In
addition, the introduction of weighting coefficients allows to
take into account the meaning content of the indicator and link
its value, keeping in mind that in cases where certain indicators
characterize the negative phenomena or processes, their higher
values can negatively influence on the whole assessment. For
such indicators the weighting coefficients with the sign
“minus” is applied.

Thus, in points the weighting coefficients can possess both
positive and negative values (for instance, in the range from -
10 to 10, except 0). In fact, their values must be determined
based on the opinions of recognized experts at the federal and
regional levels.

As far as at the moment of preparation for this publication
expert surveys have not been completed, during the ranking
were used equal (modulo) values of the coefficient for all
indicators (*+1" for positive and “-1"" for negative parameters.)

©2015 IEEE

487

The use of negative coefficient values leads to the fact that
under certain circumstances the rating value can be negative.
The situation, when the ratings of some regions are positive
and ratings of other regions are negative, has the negative
impact on the comfort of ratings perception and determination
of the region’s position. For solving this problem in the case of
receiving the negative values in the calculation algorithm
additionally was introduced a constant which is equal to the
modulo of the minimum negative value of the rating, which is
added to the values of the ratings in each region. That provides
a positive absolute value of the rating for all the regions (and
equal to 0 for the region, which had the minimum negative
value).

As a result, a calculation algorithm of the rating may be

represented by the following formula (3): i
R, =z":k, xx'+C, 3)
=
where
0, MIN(R, )20
C =1|MINR, ), MINR, ) <0 )

1< j <r, numberof the regions
R; — rating of j-th region;
k, - weighting coefficient of the value of i-th indicator;
x" - normalized value of i-th indicator;

n — number of indicators.

* Each of presented thematic ratings is determined on the
base of referring to it a group of indicators (5):

R;:Asof T i}' Kn) k XXH+ku"><X' +.. +k XX' +C (5)

For the demonstrativeness of the results during the
comparison of the regions a relative rating is calculated for
each region. This rating (6) is determined as the value of the
absolute quantity of the rating in a percentage relatively to the
value of the rating of the region which took the first place.

X, )= RlaoaX X g Xu) o 109 (6)

RT«&mM(X.-J'X.-z- X )

RTJ’?“IA”W{X L L

As a result, each region in addition to its rank is
characterized by two quantitative assessments: the absolute
value of the rating and its correlation in a percentage relatively
to the leader-region [5].

THE PROPOSED APPROACH

For ranking the educational institutions is offered to
introduce an integrated indicator of the quality of education
institution. This integral indicator is integrated, because it is
based on the objective significance of each factor.

The calculation of the integral index is conducted by the
formula (7):

R(S)= ZH xky,i=1,M, ™

J=1
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Where R(S,) is the integral quality of S; objects; M is the
number of objects; N is the number of attributes; H s is the
significance of the j-th attribute; k; is a qualitative assessment
of the j-rh attribute for the i-% object.

As a measure of the factor’s significance is suggested to
use feature entropy value (by K. Shannon [6]) as an objective
measure of the uncertainty of feature values. In this case, the
features with a higher degree of “spread” of values in the
analyzable sample will be more important.

Formula (7) in this case changes to the following (8):

N K =
R(S)= k(=Y p,log,p,)i=1M, ®)

j=li =1
where K is the system basis of quality; P,is the

probability (frequency) of occurrence of qualitative
assessment of k,!. = in the distribution of the values of j-th

attribute.
Next, we will describe the institutions’ ranking algorithm.
The first step is to choose a systemic base of the quality K.
At the second step the maximum and minimum values of
each feature are calculated. Absolute and relative values can be
used.
At the third step we transfer source data into high-quality
analogues for the signs formation (9):

b =1+ mum{ﬁ"_"w} ©

X

jmu'_xjm.in

Where x, is the initial quantitative value or qualitative

value of the j-th factor for the i-th object; x  max>Xj min 18 the

LS

maximum and minimum values of the j-rh attribute; K is a
system base of quality; round() is an operation of arithmetic
rounding.

At the fourth and fifth steps the entropy H; of each feature
and integral quality of each object is calculated according to
the formula (7).

At the sixth step it is necessary to distribute descending (or
ascending) collection of objects found on the values of the
integral quality.

At the seventh step, the results are analyzed and
managerial decisions for correcting the condition and
coordination of further development of the education
institution are made.

If necessary, the last step is moving to a higher level. Le. in
the case of the macro object subsystems analysis, after
calculating the performance of the integral quality data
transmission to the macro level is conducted.

It should be noted that for an arbitrary number of N objects
the maximum entropy is (10):
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+(K = N modK)x(N divK)xlog, ﬁ’
iv

where the operations div and mod are quotient and the
remainder from the exact division respectively.

Thus the regulation of the integral quality of the object
should be carried out on the value of (11):

R w=MxKxH_ =

(Nmod K)X(N divK +1)xlog,————+| (D

AR NdivK+1

+(K—Nm0dK}x(NdivK)xlogzm
i

This algorithm is linear. Fig. 1 shows a scheme of
generalized algorithm for ranking the higher education
institutions. .

Soiior's 2
base of the quality K
s ]
b i
Selecting scaling _; ‘Iransfering the source
boundaries X; and data into high-quality
‘\?nf‘x analogues
v J
Calculation ofintegral
T nE, fter ||ty R(S) of cach
4 object
i J
b
Ranking the totality of :
objcctsbascd on the |- Analysis. of results and
values R(S;)

Fig. 1. The scheme of generalized algorithm for ranking higher education
institutions

EXPERIMENTAL RESEARCH

A. General description of the experiment
As an experimental research the ranking of the real group
of universities was made based on the following 8 factors [7]:
e the percentage of full-time teachers with academic
degrees and academic ranks;
the percentage of doctors and professors;
participation of students in scientific work (the number
per 100 students);

e publications (teaching aids and textbooks);
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e the level of informatization of the university (the
number of computing units per 100 students);

e the level of educational achievements of students in the
control group on the 3 leading disciplines of the major.

B. Calculation of the integral index

The results of the first three steps of the algorithm are
shown at Fig, 2.

Fig 2. The program window with the results of the first three sieps of the
algorithm

It is required to find the integral data quality of educational
institutions and rank them according to the given characteristic
in common system of objects S(t).

When using regular approach with points (where the score
is taken as a comprehenslve quality) from the given table could
seem that the 1%, 2™ and 3™ universities should be awarded the
first place, 4", 5™ and 6" universities take the second place and
7" university takes the third place. But the systemic or integral
quality is always greater than the sum of its constituent parts;
Each integer detects a certain “integral effect”.

Fig. 3 shows the program window with the results of the
calculations of the entropy of each attribute as an expression of

its value in a given situation.

Fig. 3. The program window with the results of the calculations of the
entropy of each attribute

In terms of pedagogical hermencutics, the difference in
entropy can be interpreted as follows: the higher the attribute’s
entropy, the more it is disordered. This disorder brings
disruption to the work of a single system of educational
institutions and thereby hinders the achievement of the goals
by a system. Consequently, the greater the value of the entropy
of a particular educational factor, the more difficult it is to
perform, and thus higher not it’s subjective “weight”, but its
objective importance at this stage of the system operation.
That means that to reduce the disorder more attention to it
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should be paid by the governing body. If the attribute’s entropy
is small, then this implies that its importance in the overall
combination of attributes is negligible.

For example, for a given set of atl:nhutes in a given period
of time the most significant attribute is the 7" attribute, and the
least significant is the 1* attribute.

An important feature of this method is that the assessments
of the significance of attributes are not permanent (as in the
case of weighting coefficients), but dynamic over time and
determined by the objective characteristics of the objects
themselves.

Fig. 4 shows the program window with the calculations of
values of the integral qualities of each object.

| $90.41+1%0,96+171,28+2%1,15+4%1 28+4%1 28+5%1 5545

]

|!u i

s-upwagee-m-a-s-l 35191 26+1%1 284301 ssaig 8 iw; ,
1°0,41+5°0,96+3%1 28+5° 1 35+1°1 28+5%1 28+2%1 S5+4*08 |

Fig. 4. The program window with the calculations of values of the integral
qualities of each object

Thus, the resulting table looks like at the Fig. 5.

Fig. 5. The program window with the results of the ranking

It is easy to nofice that in the first place acoordm;gh to the
rating is the university which takes the places from 4™ to 6t"
according to the method of score. This proves once again that
any object is not just the sum of its parts, and the quality of the
object is not the sum of its characteristic attributes.

The derived estimations are not static. If you change the
values of the attributes, their significance also changes, and this
in turn contributes to the dynamics of change as an integral
quality of each object and the overall picture of the educational
system,
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ARCHITECTURE OF SOFTWARE IMPLEMENTATION

Developed information system has a client-server
architecture, the essence of which is that the client (executable
file) requests certain services in accordance with a specific
protocol for data exchange. The server part consists of a
database server (MS SQL Server 2012) and Web-based server
(IIS service). The server processes the client’s request and
carrying out the necessary data manipulation, transfers the
requested portion of data to the client. The developed system is
based on technology of “thin client”, using a powerful database
server and stored procedures which allows performing
calculations that implement basic logic of the data processing
directly on the server, The client application, respectively,
makes low demands on the hardware of workstation. The client
part is implemented as a Windows-based applications
(ASP.NET technology, built on the basis of the .NET
Framework), performing the functions of input and correction
of data. To access the data has been used technology -
ADO.NET, which simplifies the reference to the information
sources.

Fig. 6 shows the architecture of a software implementation

of the information system.
Admigimmr

84

Usc;s Analyst
L Web-browser
¥ ] v
Windows-based application
«Ranking»

s e ,
I Subsystem of Subsystem of Subsystem of :
1| «Transfering to high- «Calculation of «Decision :
: quality analoguesy integral quality» Supparts |

|

Database of the
university's indicators

Fig. 6. Architecture of a software implementation of the information system
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 The basis of the information system are: relational
database; software tools, providing data processing logic; user
interface.

The main components of the system are presented by the
following: data storage (DBMS MS SQL Server 2012), the
organization of which satisfies to the ranking model;
ASP.NET-application is a user interface of interaction of the
user with the database; Windows-based application, which is a
computational module.

CONCLUSION

For educational institutions ranking is offered to introduce
an integral index of the quality of educational institution. This
integral index is complex. As a measure of the factor
significance is suggested to use the value of attribute’s entropy.

Within this study was developed information system
software for educational institutions ranking. Numerical
characteristics that come out from the application of the
proposed mathematical model may have information for
making managerial decisions. Thus, the use of the information
system can improve the efficiency of managerial decisions.
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