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EDUCATIONAL PROGRAMS PERFORMANCE RANKING BY USE OF
TOPSIS METHOD
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ABSTRACT

Evaluation of an educational program is a complex task and its solution requires the
analysis of data obtained on the basis of relevance to both quantitative and qualitative
research. The collection of these data should be carried out using properly developed key
performance indicators. The paper shows that such a task can be successfully completed
using the TOPSIS method of multi-criteria decision analysis well known in information
systems theory. The evaluation criteria can be positive or negative. The higher the rating
value for a positive criterion, the better the alternative decision is. As for the negative
criterion, the smaller the corresponding rating value, the better the alternative is. The
TOPSIS method is based on the concept that the best solution among the available
alternatives is the one that has the minimum distance from the positive ideal solution and, at
the same time, the maximum distance from the negative ideal solution. The paper presents
both positive and negative criteria developed to evaluate the performance of educational
programs. For the data relevant to the above criteria, the appropriate data of the four higher
educational programs of Gori State Teaching University are used. Using the TOPSIS
method, the rating evaluation of the programs was carried out. The paper indicates that in
the same way it is possible to assess the performance of one of the educational programs
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using data obtained at different intervals in relation to this program, and thereby determine
the degree of success or failure of the program by comparing the results.

Keywords: Educational Program, Evaluation Criteria, TOPSIS, Ranking Evaluation, Multi-
Criteria Decision

AHHOTALUSA

OueHka peanu3auu 00pa30BaTENbHON MPOrpaMMBbl SBJISIETCS CIOKHOW 3a1auei, 1 sl ee
peuieHuss TpeOyeTcs aHalu3 JaHHbBIX, MOJYYCHHBIX HA OCHOBE COOTBETCTBYIOIIUX
KOJIMYECTBEHHBIX W KAYECTBEHHBIX HcclenoBaHuil. [IOHATHO, 4TO cOOp 3THX JaHHBIX
JIOJDKEH OCYIIECTBIIATHCS C UCMOIB30BAHMEM MPABHIBHO Pa3pabOTaHHBIX MHIUKATOPOB. B
paboTe mMoka3aHoO, YTO Takas 3ajada MOXKET OBITh YCIENIHO pellleHa C MOMOIIBI0 METo/a
aHalM3a MHOTOKpUTepuanbHbIX pemenuin TOPSIS, xopomo wu3BecTHOro B Teopuu
HHOOPMAIIMOHHBIX CHCTEM. ECTECTBEHHO, YTO KPUTEPUH Ul TPHHSITHS PEIICHUS, KakK
MPaBUJIO, MOTYT OBITh JBYX THIIOB - MOJOXHTEIbHBIC HJIM OTpUIATENbHBIC. UeM BhIIIe
3HAUCHHE PEHTHHra Uil MOJOXKHUTEIBHOTO KPUTEPHs, TEM Iydllie albTePHATHBHOE
pelieHre, a Uil OTPUIATETIBHOIO KPUTEPUsS CIPABEAIMBO MPOTHBOMONIOKHOE, T. €. YeM
MEHBIIE COOTBETCTBYIOLIEE 3HAUEHUE PEUTUHIA Il OTPULATENIILHOIO KPUTEPHS, TEM
nyqire anbrepHatuBa. Merox TOPSIS ocHOBaH Ha KOHIICHIMH, COTJIACHO KOTODOI
HaWIYy4dIIUuM pEHICHUEM Cpe€Au AOCTYIIHBIX aJIbTEPHATUB SABJIACTCA TO, KOTOPOE HMEET
MHUHUMAJIBHOC PACCTOAHUEC OT IOJOXKUTEIBHOIO HJACAIbHOI'O PCHICHUA M, B TO K€ BpEMH,
HMECT MAKCHUMAJIbHOEC PACCTOAHUC OT OTPULATCIBHOIO MACAJIBHOI'0 PCIICHUA. B cratbe
MpeaACTaBJICHBI KaK IMOJOXUTEIIbHBIC, TAK U OTPULATEIIbHBIC KPUTEPUH, pa3pa60TaHHI)Ie JIIsL
OLICHKH peanu3aluy 00pa3oBaTeIbHOI MporpaMMel. B kauecTBe MaHHBIX, OTHOCALIMXCA K
BBILICYKA3aHHBIM KPHUTEPUSAM, HCIIONB3YIOTCS COOTBETCTBYIOIIME JAaHHBIE YEThIpeX
00pa3oBaTeNnpHBIX HporpaMMm oxHoro u3 ¢axynbreroB [opuiickoro I'ocymapcrBeHHOr0
VYuebHoro VYHuuBepcutera. Ha oOCHOBaHMM YHOMSIHYTHIX JaHHBIX OblIa IIpOBEICHA
peiiTiHrOBast oleHka nporpamm 1o meroxy 1OPSIS. B pabore ykazaHO, 4TO TakuMm e
00pa3oM MOXKHO OLIEHHThH PEeaIM3aLHUI0 OfXHON U3 00pa3oBaTeNbHBIX MPOrpaMM HCIOIb3YS
JIaHHBIE, IOIYYCHHBIE B Pa3HbIE IPOMEKYTKH BPEMEHH 10 OTHOIIEHHUIO K 3TOH Mporpamme,
U TE€M CaMbIM, ONIPEIENUTh CTENEHb ycIleXxa WM HeyHauyd OCYIIECTBICHHS IMPOrpaMMBI
IIyTeM CpaBHEHHS PE3YIbTaTOB.

KnawueBbie cioBa: OOpaszoBarenbHass [lporpamma, Kputepuit Ouenku, TOPSIS,
PamxupoBanue, Mynstu-Kpurepuanstoe Pemenne

0z

Bir egitim programimin uygulamasini degerlendirmek kolay degildir. Zorlugu ¢6zmek igin
ilgili nicel ve nitel arastirmalara dayanarak elde edilen verilerin analizini yapmak gerekir.
Bu verilerin toplanmasinin dogru tasarlanmis gostergeler kullanilarak yapilmasi gerektigi
aciktir. Calismada bdyle bir sorunun biligim sistemleri teorisinde iyi bilinen TOPSIS ¢ok
degiskenli ¢6ziim analiz yontemi kullanilarak basarili bir sekilde ¢oziimlendigi
gosterilmigtir. Dogal olarak, karar verme kriterlerinin iki tiir — olumlu veya olumsuz - olma
ihtimali vardir. Olumlu bir kriter igin derecelendirme degeri ne kadar yiiksek olursa,
alternatif ¢6ziim o kadar iyi olur ve olumsuz bir kriter i¢in tam tersidir. Yani negatif kriter
icin karsilik gelen derecelendirme degeri ne kadar diisiik olursa, alternatif o kadar iyidir.
TOPSIS yontemi, mevcut alternatifler arasinda en iyi ¢oziimiin, pozitif ideal ¢dziimiin
minimum mesafeye sahip oldugu savina dayanmaktadir ve aynt zamanda, negatif ideal
¢oziimden maksimum uzakliga sahiptir. Makalede egitim programinin uygulanmasini
degerlendirmek igin gelistirilen olumlu ve olumsuz kriterler sunulmustur. Yukaridaki
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kriterlere iliskin veriler Gori Devlet Egitim Universitesi fakiiltelerinden birinin dort bilim
dalindan elde edilerek kullanilmistir. Yukaridaki verilere dayanarak, programlar TOPSIS
yontemi kullanilarak derecelendirilmistir. Caligmada ayni sekilde, bu programla ilgili farkli
araliklarda elde edilen verileri kullanarak egitim programlarindan birinin uygulanmas ile
degerlendirilmesinin miimkiin oldugu gosterilmis ve bdylece sonuglar1 karsilagtirilarak
programin basar1 veya basarisizlik derecesi belirlenmistir.

Anahtar sozciikler: Egitim Programi, Degerlendirme Kriteri, TOPSIS, Siniflandirma, Cok
Kriterli Coziim

Introduction

In recent decades, the concept of quality in higher education has attracted the
special attention of all stakeholders of the higher education institution.
Consequently, caring for the development of the quality of education is one of the
most important issues for a modern higher education institution. Internal Quality
Assurance in higher education represents one of the main mechanisms for quality
development and management at the institutional level (Martin, 2018; Bollaert,
2019). In accordance with the Standards and guidelines for quality assurance in the
European Higher Education Area (ESG) the important component of the internal
quality assurance is periodic monitoring and evaluation of educational programs
(Standards, 2015). Through it, the institution should ensure that the goals of the
educational program are met, as well as respond to the current needs of students
and other stakeholders. The frequency of monitoring and evaluation processes
ensures the continuous development of the educational program, the creation of a
supportive environment for teaching and research activities that will ensure that the
program is in line with public expectations. According to ESG, this process should
include evaluation of the following components of the educational program:

* Content of the program in light of recent scientific research;

* Changing community needs;

« Students' academic workload and their academic achievements;

* Effectiveness of student assessment procedures;

* Students' expectations, needs and satisfaction of the program;

* Learning environment and student support compliance with program
requirements.

Thus, evaluating the performance of an educational program is a complex task
and its resolution requires the analysis of relevant data, both quantitative and
qualitative, which characterize various aspects of a given educational program.

It is clear that the above data should be collected using properly developed key
performance indicators (Alsarmi and Al-Hemyari, 2014; Ogunleye, 2013;
Parmenter, 2010; Rajkaran and Mammen, 2014). Based on the data obtained from
each of these indicators, it is possible to assess above-mentioned certain aspects of
the educational program, identify shortcomings and take appropriate measures to
eliminate them. As the evaluation of the program should be carried out
periodically, after the period specified by the institution's internal quality assurance
system, the re-evaluation of the program will again reveal the strengths and
weaknesses of the program. A comparative analysis of the results of previous and
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new evaluations can reveal which aspects/components of the program have been
developed during this period and which have been weakened. Clearly, based on the
obtained results, program development-oriented activities need to be re-planned
and implemented. Obviously, if the latest evaluation data show improvement for all
components of the program, it can be said unequivocally that the program has
made progress over the period. However, if along with the improvement of certain
components, some components were found to be degraded during the evaluation
phase of the program, then it is impossible to determine whether the program
developed or weakened as a whole only on the basis of evaluations of its particular
aspects. The presented paper shows that a conclusion on the development of the
program as a whole can be made by a rating evaluation performed using data
collected from periodic evaluations of the program.

The paper also shows that rating evaluations can be performed for several
different programs if their performance is evaluated with the same set of key
performance indicators.

Methods

Thus, evaluating the performance of an educational program involves making
decisions based on data obtained using multiple key performance indicators. Such a
task can be successfully solved by a multi-criteria decision analysis technique
TOPSIS (Technique for Order of Preference by Similarity to Ideal Solution), which
is well-known in information systems theory (Hwang and Yoon, 1981; Yoon,
1987; Hwang, Lai and Liu, 1993). This method is based on the concept that the
best solution among the alternatives is at the minimal distance from the positive
ideal solution and at the maximal distance from the negative ideal solution.

The paper presents the possibility of using the TOPSIS method to evaluate the
performance of educational programs. One of the most important objects used by
the TOPSIS multi-criteria decision-making method is the decision matrix (Hwang
and Yoon, 1981; Yoon, 1987; Hwang, Lai and Liu, 1993), which consists of

A A,... A, alternatives  with  ratings X; against  the  evaluation
criteriaC,,C,,...,C,:

C, .. C,
Do A u e Xy
A’ﬂ Xml an

The weight vector W =(w,,..w,) consists of the weights W, (j=1..,n) of

n
evaluation criteriaCj , respectively, which obey the condition ZWJ. =1.
j=1
The evaluation criteria for the alternatives are generally of two types -
positive and negative. The higher the rating value relative to a positive criterion,
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the better the alternative is, and the lower the rating value relative to the negative
criterion, the better the alternative is.
Because the data type of the decision matrix is not uniform, it needs to be

normalized. The elements of normalized matrix R = R(rij),i =1,.m; j=1.,n are
calculated by the formula

The weighted normalized decision matrix P:P(rij),izl,..m; j=1.,n s
calculated by formula
P =W -1y, 1=1..m; j=L1..,n

Based on the TOPSIS method, alternatives are evaluated using the following steps:
Step 1. Identify the positive ideal solution and the negative ideal solution
as follows:

A" =(p,Pyses Py)
A =(pPysen Py)

where

p; :(max Py, J€d;; miin Py, J € sz

pj:(m_in Py, J€Jy; max pij,jerj

and J, and J, correspond to positive and negative evaluation criteria,
respectively.
Step 2. For each alternative A, calculate the Euclidean distances to a

positive ideal solution A" and to a negative ideal solution A~ with the following
relationships:
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where

di}r = p;_ Pi» i=1..m;j=1..,n
dij— =P; — Py i=1..m;j=1..n.

Step 3. For each alternative A, calculate the relative proximity & to a
positive ideal solution by the formula

d;
G ==
d"+d

Step 4. Rank the alternatives according to the magnitude of the relative
proximity.

Results

To illustrate the rating evaluation of educational programs, suppose that a
higher education institution implements four academic higher education programs,
namely - undergraduate educational programs in Mathematics, Biology, Sports and
Information Technology. Let us evaluate the performance of the mentioned
educational programs during the period of time specified by the University Internal
Quality Assurance System using the TOPSIS method with the following key
performance indicators:

1. The ratio of the number of scientific papers published and reports presented
at the conferences by the program implementing staff to the number of staff;

2. Percentage value of program staff attrition rate;

3. The ratio of the number of entrants wishing to enroll in the program (the first
three choices) to the number of contingent to be admitted to the program;

4. Percentage of students transferred from the program by external and internal
mobility;

5. Percentage of students transferred to the program by external and internal
mobility;

6. GPA (Grade Point Average) for graduates of the program;

7. The ratio of the number of students involved in research projects (e.g.
scientific papers, conferences, workshops, exhibitions, etc.) to the number of
students;

8. Percentage of employment of graduates;

9. Level of staff satisfaction with organizing the learning process (percentage);

10. Level of student satisfaction with the program (percentage);

11. Average score for evaluating program components performance.

To simplify the calculations, we have limited ourselves to 11 indicators. It
should be noted, however, that the selection of key performance indicators, as well
as their number, should comply with the criteria set for the evaluation of the
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performance of the educational program through the internal quality assurance
system of the institution.

Table 1 below shows the relevant information for Gori State Teaching
University’s educational programs against the above evaluation criteria based on
the data of the last 5 years.

Educati Evaluation Criteria

onal C
Progra | C1 C2 C3 C4 | C5 | Co C7 C8 C9 C10 1

m

Mathem | ), |13 | o031 |6 33 |31 |22 |87 |45 |90 27
atics 2
Biology | 115 |6 05 |11 |32 |26 |18 |57 |458 |100 36'
Sport | 795 |20 |079 |3 34 |21 |oe6 |60 |a75 |100 §5'
Informa
tion 141 |15 |124 |12 |43 |25 |1 60 |a75 [100 |27
Technol 1
ogy

Table 1. Educational program’s evaluation criteria

. . 1 .
Assume that each component of the weight vector is equal to 1 i.e.

w :(1—111—11j If we take into account that the second and fourth evaluation

criteria are negative in the context of the problem under consideration, while the rest of
the evaluation criteria are positive, then, using the calculations with software package
"MATLAB", the following ranking evaluation of the alternatives given in Table 2 will
be obtained:

Educational Program Evaluation Ranking
Mathematics 0.54106 1
Biology 0.4749 3
Sport 0.40357 4
Information Technology 0.48351 2

Table 2. Educational program’s ranking

Thus, the obtained results can be formulated as follows:
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1. Positive and negative criteria have been developed to evaluate the
performance of the educational program.

2. Based on the data collected by using indicators of the developed criteria, a
ranking evaluation of the performance of four academic higher educational
programs of Gori State Teaching University has been carried out using the
TOPSIS method.

Discussion

Above we have presented the example of a rating evaluation of the realization
of several different educational programs. It is easy to see that in the same way it is
possible to assess the development of one concrete educational program. In
particular, by ranking the previous and subsequent evaluation data of the program,
it is possible to form a conclusion about the development of the program as a
whole in the period between evaluations.

As mentioned above, the selection of key performance indicators for evaluation
of the performance of an educational program should be done in accordance with
the internal quality management policy of an educational institution (Alsarmi and
Al-Hemyari, 2014; Ogunleye, 2013; Parmenter, 2010; Rajkaran and Mammen,
2014). In the illustrative example above, for the simplicity of the problem, each
component of the weight vector was 1/11. It should be noted that the selection of
components of this vector, which has a significant impact on the outcome of the
ranking, should be carried out taking into account the mission and strategic goals of
the higher education institution. Accordingly, for the criteria that meet the priority
areas of the institution (for example, research, internationalization and so on), the
relevant components of the weight vector must be appropriately high in number.

Thus, the presented method of ranking educational programs makes it possible
to evaluate complex information about the performance of programs, to identify
success or failure in the development of the program as a whole, and therefore, it
may be used by higher education institutions as a useful tool in the internal quality
assurance. At the same time, the availability of ranking results for stakeholders
enhances accountability towards stakeholders and thus provides increased
confidence in higher education institutions, which is in accordance with the public
demand of better education quality.
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