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Abstract

The purpose of this article is to substantiate the methods, principles and approaches to building a mathematical model
for quantitative assessment of the educational program quality functioning, regardless of the subject area and specialty
for which it has been developed. Methods: The article analyzes sixty-five educational programs developed in
accordance with thirty-five specialties within fourteen subject areas. These programs operate in forty-nine higher
education institutions in different regions of Ukraine. An interval scale has been developed, which allowed translating
the qualitative characteristics (criteria) of the educational program into quantitative ones. Using the regression
analysis method and software product PRIAM (planning, regression and model analysis) a mathematical model has
been built, that allows not only to assess the quality of the educational program in more accurate and reliable way, but
also to determine the level and duration of its accreditation. Results: to quantify the educational program quality, a
mathematical model has been developed and its statistical characteristics have been analyzed. Informativeness,
adequacy, accuracy and stability have been determined, and the diagrams of criteria (regressors) mutual influence on
the educational program quality have been built. Discussion: a linear regression model based on a qualimetric
approach and TQM principles has been proposed. The use of regression analysis methods allowed to identify the
criteria (regressors) mutual influence, determine their priority and quantify the educational program quality as a
whole. This approach allows to reasonably choose the optimal number of criteria, their mutual influence and priority.
This further allows to more reliably and accurately determine the level of educational program accreditation, which is
relevant for each higher education institution.

Keywords: educational program, evaluation methods, higher education institutions, mathematical model, quality
criteria, regression analysis.

1. Introduction

In today's economic environment, any higher
education institution (HEI) is competitive and
effective if it has priority educational programs
(PEP) that respond immediately to the fleeting
demands of the labor market.

The authors' analysis of the "List of subject areas
and specialties in which higher education students
are trained" showed that there are 29 subject areas in
Ukraine, covering 121 specialties. Within these
subject areas and specialties there is a large number
of educational programs. However, to determine
their priority and demand from stakeholders, it is
necessary to have effective mechanisms and tools
that would allow constant monitoring and evaluation
of the existing programs quality. Based on the

obtained data, it is possible to predict the ways of
their further modernization and development.

One of such promising mechanisms is the use of
mathematical models based on qualimetric
approaches and principles of total quality
management (TQM). This allows not only a
qualitative but also a quantitative assessment of the
educational ~ programs  (EP)  criteria  and
characteristics approved in the Regulation [1].

In the future, this approach makes it possible to
determine the level and duration of an educational
program accreditation. Today, in our opinion, this
problem is not fully resolved. This is due to the fact
that the existing methods, principles and approaches
to the EP quality assessment do not allow to
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accurately and reliably determine the level of its
accreditation on which the certificate validity
depends.

Therefore, the research related to the
mathematical model of quantitative assessment of
EP functioning quality is relevant and timely.

2. Analysis of recent research and publications,
problem statement

The effectiveness of using the mathematical models
of any objects (processes, services, products, etc.)
depends on the correct choice of its construction
method. This is confirmed in [2 - 5]. At the same
time, special attention should be paid to
formalization procedures, which involve translating
the purpose of research into a mathematical form
[6,7]. Today, there are a large number of
publications related to the use of regression analysis
methods for building mathematical models.
Unfortunately, in all publications, technological
processes act as a modeling object. For example,
processing of high-strength steels [8], management
processes, performance indicators of enterprises [9],
forecasting the state of hard aerodrome
pavements [10], printing services [11, 12], modes of
electrocontact bonding (choosing coatings and the
optimization technology) [13], modeling of
parameters  of thermal sprayed  coatings
processes [14].

The analysis of scientific publications conducted
by the authors showed that mathematical modeling,
in particular the construction of regression models,
is almost not used to assess the quality of the
educational  processes functioning and HEI
activities. Mathematical methods are usually used in
publications as a tool for obtaining competencies in
subjects taught in Bachelor's and Master's
training [15, 16].

Therefore, the scientific problem associated with
the construction of a mathematical model of an
educational program quality assessment needs to be
developed. This is due to the current legal
framework for training specialists at all educational
levels.

3. The purpose and objectives of the research

The purpose of the research is to choose and
substantiate the methods, principles and approaches
to building a mathematical model that allows you to
guantify the educational program quality of any
subject area and speciality.

To achieve this goal the following tasks have

been completed:

- the research method has been chosen and
substantiated;

- the expert opinions of the branch expert council
(BEC) of 65 educational programs have been
analyzed;

- the interval scale for transforming qualitative
characteristics (criteria) into quantitative ones has
been developed:;

- based on the results of experimental research, a
data matrix has been formed to build a mathematical
model;

- a mathematical model has been built and its
statistical characteristics (informativeness, adequacy,
accuracy and stability).

4. Materials and methods of research

The research used the information provided in [17]
regarding the accreditation results of 65 educational
programs of the second (master's) higher education
level. The studied educational programs cover 14
areas of knowledge. Accreditation of these programs
has been carried out in accordance with the
requirements [1, 18].

To build a mathematical model, a passive
experiment, qualimetric approach, TQM principles,
and regression analysis have been used. The results
have been processed using the PRIAM software
product [19].

5. The results and discussion

Building a model is a solution to a complex
formalized task, using existing mathematical
methods and tools. However, it should be noted that
the mistakes made in the process of formalization
are almost impossible to correct during the
processing of research results. This is due to the fact
that formalization involves the transformation of the
research purpose into a mathematical form and the
statistical methods of analysis application.
Therefore, to build a mathematical model, a special
scheme has been developed (Fig. 1). It consisted of 4
stages. Each of the stages is responsible for the
particular component of the model and allows
identifying its "weaknesses" and "strengths".

At the first stage (Fig. 1) the tasks to be solved
during the research were identified:

1. Analyze the conclusions of the BEC upon the
possible EP accreditation in concordance with the
established scale (A, B, E and F) according to [1].
To perform this task, the qualitative characteristics
of 65 educational programs of the second (master's)
higher education level have been analyzed [17].

2. Develop basic and additional interval scales (to
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transform qualitative characteristics into quantitative
and to determine the intervals of the accreditation
level).

3. Form an initial matrix for quantitative
evaluation of EP quality criteria to build a
mathematical model.

4, Choose the method and structure of the
mathematical model.

5. Build a mathematical model and determine its
statistical characteristics using the PRIAM software
product.

Model building stages

Basic characteristics

Setting objectives

Experiment planning

Problem Formalization |

a2

| Passive experiment ‘
Sampling » v
| Data collection |
3
Choice of regression equation structure
Model building
—b‘ Regression coefficients assessment |
| Analysis of statistical charactenistics of a model ‘
v 4 ¥ ¥ ¥ ¥
Informativeness Adequacy Precision | | Stability
Model quality analysis >
| Structure activity relationship ‘
v v
Marginal surfaces Graphic 1111._1511':111011 of the
foree influence

Fig. 1. The scheme of the mathematical model of EP quality assessment

6. Analyze the statistical characteristics of the
model and build the dependence of the regressors
(criteria) impact power on the educational program
quality.

In the second stage during the passive
experiment, to form the data matrix the results of
BEC expert evaluation of 65 educational programs
have been taken. These programs had different
levels of accreditation (exemplary, granted,
conditioned (deferred) and denied accreditation). In
particular, 4 educational programs had the
exemplary accreditation level, 31 programs -

granted, 23 programs — conditioned (deferred), 7
programs — denied accreditation. It should be noted
that in the studied EP data each criterion had only a
qualitative assessment. This is due to the fact that
the assessment was carried out according to a four-
level scale (A, B, E and F).

The authors have developed a basic and
additional interval scale to transform the qualitative
assessment into a quantitative one and to determine
the level of accreditation (Tables 1, 2). This
approach allowed more precisely evaluating each
criterion and obtaining its quantitative assessment.
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Table 1

Interval scale for quantitative assessment of EP quality criteria (basic)

Qualitative Quantitative
assessment assessment Definition Explanation
(according to [1]) in points
. . full compliance, with an innovative
A 3,76 -5 high level of compliance character
_ - : partial noncompliance, shortcomings are
B 2,51-3,75 sufficient level of compliance insignificant
3 . noncompliance, possible elimination within
E 1,26-25 low level of compliance a year
F 0-1,25 noncompliance noncompliance, elimination is impossible

The use of an additional scale is stipulated by the
regression analysis requirements. This is due to the

fact that when calculating the regression it is
necessary to enter the input interval Y.

Table 2
Interval scale for determining the accreditation level (additional)
Exemplary Granted . I . A
v accreditation accreditation Conditioned (deferred) accreditation Denied accreditation
5 3,75 2,5 1,25

Using the basic and additional scales for all 65
educational programs, qualitative assessments of
criteria (literal) and accreditation levels (verbal)
were translated into quantitative ones.

At the same time, each EP was evaluated
according to 9 criteria. These are: "Design and goals
of EP" - DG; "Structure and content of EP" - SC;
"Access to EP and determination of learning
outcomes" ADLO; "Training and teaching
according to EP" - TT; "Control measures, HEI
students evaluation and academic integrity” - CMALI,
"Human resources" - HR; "Educational environment
and material resources" - EEMR; "Internal quality
assurance of EP" IQA; "Transparency and
publicity" - TP. This is due to the fact that these
criteria are standardized in Regulation [1, 18] and
form the educational program quality. In addition,
these criteria are further used to build a mathematical
model, ie are its regressors. Detailed procedures for
the criteria estimation are given in [20].

The results of experimental studies in the form of
the main working matrix have been summarized in
the table. A fragment of the working matrix for
building the model is shown in table 3.

In our case, the construction of a mathematical
model was carried out as part of a passive
experiment. For this purpose, according to the main
working matrix, training and control matrices has
been formed. Considering that the initial data is an
observation matrix (passive experiment), it has been
divided into training (with the best possible
properties for building a model) and control (for
unbiased verification of the model).

This approach is based on the fact that the

training matrix completely covers the entire area of
definition and has the minimum possible correlation
between regressors (criteria). This ensures a model
with satisfactory quality characteristics (adequacy,
informativeness and sustainability). According to the
results of the calculation, the educational matrix has
included 25 educational programs. A model was
built on this matrix. The other 40 EPs moved to the
control matrix. Further, the control matrix was used
to verify the constructed mathematical model. In the
third stage, the linear structure of the regression
equation was first selected on the basis of the
developed matrices with the help of PRIAM
software product in the automatic mode. Then the
regression coefficients were estimated and the
model (1) was constructed:

4

Y=3,21685+ 0,865646x2 + 0,647632x4 +
+ 0,00501515x5 + 0,0536686x7 -
—0,0113172x8 + 0,348952x9 +
+0,396513x1x3 — 0,568461x1x4 — 1,62092x6x9

where x1 =0,523013*(X1 - 3,212);
X2 = 0,673129*(X2 — 2,7456);
x3 = 0,85034*(X3 - 3.824);
x4 = 0,436224*(X4 — 3,5924);
x5 =0,43163*(X5 - 3,7168);
X6 = 0,516742*(X6 — 3,5352);
X7 = 0,882768*(X7 — 3,8672);
x8 = 0,393329*(X8 — 3,8024);
x9 =0,429923*(X9 — 3,676).
At the fourth stage, the analysis of statistical
characteristics was carried out.
Summarized results of the analysis are shown in
table 4.
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Table 3
Fragment of the working matrix to build a mathematical model
Factors
T o Natural definition of regressors
-8 E DG SC ADLO TT CM HR EEMR IQA TP Decision of the
< 5 Y :
S8 - - ) : National Agency
2 s Formalized regressors notation and their numerical values
X1 X X3 Xa X5 Xs Xz Xs Xo
EP1 3,5 3 5 3,2 5 3,5 3,2 3,5 5 3,75 exemplary
conditioned
EP2 3 2 34 1,6 3,5 2,8 3 3,2 3 2,5 (deferred)
accreditation
EP3 3.4 3,7 3.4 3,6 3,5 3,2 5 3.4 35 | 3,75 granted
conditioned
EP4 2,8 2 3,5 3,5 3,2 3 3,4 3,5 3,2 2,5 (deferred)
accreditation
EP16 5 3,7 5 3,6 5 3,65 5 5 3,65 5 exemplary
EP17 5 3,65 4,8 5 5 5 3,72 3,55 | 3,45 5 exemplary
EP18 1,7 1,45 3,2 1,35 | 1,35 | 1,43 3,5 3,4 | 345 | 1,25 | denied accreditation
EP62 3,65 3,7 3,75 5 3,6 5 3,6 5 3,75 granted
conditioned
EP65 1,3 1,3 3,2 3,35 | 368 | 3,6 3.4 3,7 3,6 2,5 (deferred)
accreditation
Table 4
Statistical characteristics of the model quality
Characteristic Name Legend Value
Multiple correlation coefficient R 0,952437
Estimated value of Fisher criterion to verify the significance of R Fr 16,2806
The critical value of the Fisher criterion to verify the significance of R Ferr 2,58763
Vi 9
Informativeness Degrees of freedom Vo 15
The scattering fraction explained by the model R? 0,907136
Box-Wetz criterion Y 2
Hypothesis about the multiple correlation coefficient significance - accepted
Informativeness level - good
Residual variance SPres var 0,1109554
Reproducibility variance Srep var 0,1575
Estimated value of Fisher criterion to test adequacy Fad 7,18204
Adequacy Critical value of Fisher criterion to test adequacy Fer val 2,58763
Vi 9
Degrees of freedom (v1, v2) Vo 15
Hypothesis of the adequacy - accepted
Accurac Average accuracy of data description in percent deviation % 14,9821
y Average absolute approximation error A 0,344729
COND (conditionality number) 4,73105
Stability conclusion - satisfactory
Part of the explanation by dubious regressors % 9,69
conclusion - satisfactory
Level of
significance ¢ ] 0,05
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Thus, as shown by Table 4, the model is
informative, adequate and stable, both in structure
and in calculations. To determine the most
influential criteria (regressors) with the help of the
PRIAM software product, the marginal surfaces of
their combined influence on the educational program
guality has been constructed (see Fig. 2-5).
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The diagram result analysis of the surfaces
showed that the combined effect of the criteria can
both significantly increase and decrease the EP
performance quality as a whole.

Thus, this approach allows identifying
"weaknesses" and "strengths" for each EP. Further,
in accordance with the TQM principles to improve
the EP performance quality it is recommended to
develop and implement corrective and preventive
organizational and technical measures, such as those
givenin [21].

According to the results of statistical analysis, the
dependence of the regressors (criteria) impact share
on the EP quality has been constructed (Fig. 6).
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Fig. 6. Distribution of the regressors’ impact power on the
Y response (EP quality) for the model

As it can be seen from the figure, the most
influential criteria are the following two: "Structure
and content of EP" - SC (X;) and "Training and
teaching according to EP" - TT (X4). Their impact
share on the EP performance quality is 70.15% and
10.56%, respectively. Therefore, when developing
EP, special attention should be paid to these
components. It should be noted that the EP quality
also depends on the combined impact of the criteria.
For example, the combined impact of the "Design
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and goals of EP" - DG (X:1) and "Training and
teaching according to EP" - TT (X4) criteria is
4.15%, and "Human resources" - HR (Xs) and
"Transparency and publicity"- TP (Xo) is 2.79%.
This is due to the fact that these criteria are
fundamental to the educational program quality and
are present in "explicit" or "implicit" form in all its
components. Also, this result is directly confirmed
by the monitoring analysis of educational programs
conducted by higher education institutions.

6. Conclusions

The results of 65 EPs accreditation represented by
35 specialties in 14 subject areas have been
analyzed.

It has been proved that qualitative assessment has
a high level of subjectivity and therefore does not
always correctly reproduce the quality of the EP and
the level of its accreditation.

The basic and additional interval scale has been
developed, which allows to more accurately
guantifying each criterion of EP quality and the level
of its accreditation. In the future, the data obtained in
accordance with this scale are used to build a
mathematical model.

A mathematical model that describes the quality
of EP performance, regardless of the subject area
and specialty has been built. The model is adequate,
informative and stable.

The developed model allows quantifying the EP
guality and more accurately and reliably determine
its accreditation level and certificate validity.

According to the results of the mathematical
model analysis, it has been found that the most
influential criterion is the "Structure and content of
EP" (its share is 70.15%).
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MeTor0 AaHOT CTaTTi € OOIPYHTYBAaHHS METOJIB, IPUHIIMITIB 1 MiAXOIB /10 TOOY/I0OBY MaTeMaTUIHOT MO
JUISL KUTBKICHOTO OIIIHIOBaHHSI SIKOCTi (DYHKIIIOHYBAaHHS OCBITHBOT MPOTrpaMu HE3aJIEKHO BiJI Tany3i 3HaHb Ta
CHELiaNbHOCTI 32 SIKOI0 BOHA po3pobiieHa. MeToau: y CTaTTi MpOoaHaNi30BaHO IIICTAECAT I’ATh OCBITHIX
nporpam, siKi po3poOJieHi 3a TPUALSATHMA I'SThMa CIENiaJbHOCTAMU B PaMKax YOTHPHAIINTH Tamy3ei
3HaHb. JlaHi nporpaMu QYyHKI[IOHYIOTh B COPOKa JIEB’ATH 3aKjia/iax BUIIOI OCBITH, SIKi PO3TAIIOBAaHI B Pi3HUX
perionax Ykpainu. Po3poOiieHo iHTepBanbHY MKy, IO JO3BOJHIIO NEPEBECTH SKICHI XapaKTEPUCTHKH
(xpuTepii) OCBITHBOI MPOrpaMy B KiJIbKICHI. 32 JOMOMOTOI0 METOJy perpeciiHOro aHalizy Ta MporpaMHOrO
npoaykty [IPIAM (mnanyBaHHs, perpecis i aHamiz Mojenieii) moOyJoBaHO MaTeMaTHYHY MOJENb, sKa
JI03BOJISIE OLITBIII TOYHO Ta JIOCTOBIPHO HE TUTBKM OLIHUTHU SIKiCTh (YHKIIIOHYBaHHS OCBITHBOI IPOTpaMu, a i
aKpeauTaIri.
(YHKIIOHYBaHHSI OCBITHBOT MpPOTpaMH po3po0JieHa MareMaTHYHa MOJEIb Ta TIPOBEJCHO aHami3 il

BU3HAYUTH piBeHb 1 TepMmiH Ti Pesynbratu: mis  KiIbKICHOTO —OI[IHFOBAHHS  SIKOCTI
CTAaTHCTUYHUX XapaKTEPUCTHK. Bu3HaueHO iH()OPMATHUBHICTh, aJEKBAaTHICTh, TOYHICTh 1 CTIHKICTh, Ta
noOyoBaHO Tpadikd B3aEMHOTO BIUTUBY KpHUTEpiiB (perpecopiB) Ha SKICTh OCBITHBOI MpPOTPaMHU.
OOroBOpIOBaHHS: 3aMPOINIOHOBAHO JIHINHHY perpeciiiny Mozelib, B OCHOBY SIKOT ITOKJIaJICHO KBaiMETPUIHUN
miaxig 1 npuHimunmi TQM. 3acTocyBaHHS METOIB PErPeCiHHOTO aHali3y IO3BOJIHIIO BHUSBUTH B3a€EMHUHN
BIUTMB KPUTEPIiB (perpecopiB), BABHAYUTH iX MPIOPHTETHICTH Ta KIJIbKICHO OLIHUTH SIKICTh (PYHKITIOHYBaHHSI
OCBITHBOI MporpamM B HIOMY. Takuil miaxix 103Bojsie OOTPYHTOBAHO BHOpAaTH ONTHUMAJbHY KUIBKICTbH
KpUTEpiiB, iX B3a€MHUH BIUIMB Ta NpiopuTeTHicTh. Lle Hamanmi no3Boisie OLMBII JOCTOBIPHO 1 TOYHO

BU3HAYNTHU piBeHB aer,Z[I/ITaLIﬁ OCBITHBLOI porpamu, 1o € akKTyaJJbHUM JJIS1 KOXKHOT'O 3aKjiaqy BI/IH.[OI OCBITH.

KirouoBi ciioBa: oCBITHS porpaMa, METOM OIIHIOBAHHS, 3aKJIaJI BUIIOT OCBITH, MATEMAaTHYHA MOJICIb,
KpUTEpIi IKOCTi, perpeciiiHuii aHai3
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Lenpto naHHOW CTaThu sIBIsiETCS OOOCHOBAaHHME METOJOB, NPUHIMIIOB M IOAXOAOB K IIOCTPOEHUIO
MaTeMaTHYECKOH MOJENH JUIsl KOJMYECTBEHHOH OILEHKH KauecTBa (DYHKIMOHMPOBAHHSA 0Opa3oBaTeNbHON
MPOTpaMMbl HE3aBHCHUMO OT OTPAC/Id 3HAHWHU U CIIEUUaIbHOCTH, 10 KOTOPOH OHa pazpaboTaHa. MeToasl: B
CTaThe IPOAHAIM3UPOBAHBI LIECTHAECIT IIITh OOpa3oBaTENbHBIX IPOrpaMM, KOTOpbIE pPa3pabOTaHBl IO
TPUALATH ISITH CHENUAJIBHOCTAM B paMKax uYeTbIpHAAUATH oTpaciedl 3HaHui. JlaHHBIE MpOrpaMMBI
(YHKIMOHUPYIOT B COpPOKa JICBSITH BBICHIMX Y4YeOHBIX 3aBEICHHAX, KOTOPBIE DPACIHOJI0KEHBI B pa3HBIX
peruoHax VYkpausbl. Pa3paOoraHa uHTepBajbHAas IIKaJa, II03BOJMBIIAS IEPEBECTH KaueCTBEHHBIE
XapakTepUCTUKU (KpUTepuu) 0Opa30BaTelIbHOM IporpaMMbl B KoJM4ecTBeHHbIE. C MOMOILIBI MeToJa
perpeccHoHHOro aHanmsa W mporpammHoro mpoaykta [IPMUAM (mmanupoBaHue, perpeccus M aHaIu3
MoJIeJIel) TOCTPOEHA MaTeMaTHIeCKasi MOJENb, KOTOpast MO3BOJISIET OoJiee TOYHO M JOCTOBEPHO HE TOJIBKO
OLIEHUTH Ka4eCTBO (DyHKLIMOHUPOBaHMS 00pa30BaTEIbHOM IPOrpaMMBbl, HO U ONPEACTIUTh YPOBEHb U CPOK €€
aKKpenuTauuu. Pe3ynpTaTel: JUIi  KOJMYECTBEHHOTO OICHUBAHMS KadecTBa  (DYHKIIMOHMPOBAHUS
oOpa3oBaTelbHON MporpaMMbl pa3paboTaHa MaTeMaTHdeckas MOJENb U IIPOBEJECH aHalU3 ee
CTaTUCTUYECKUX XapakTepucTuk. OrmpeneneHbl, WHPOPMATUBHOCTh, AaJEKBATHOCTb, TOYHOCTb H
YCTOMYMBOCTD, TAKXKE MOCTPOCHBI TpaQUKH B3aMMHOTO BIUSHHS KPUTEPHEB (PErpeccopoB) Ha KayecTBO
oOpa3zoBaTenbHON HporpaMmbl. OOCYKIECHUS: NpPEJIOKEHa JIMHEHHAs PEerpecCHOHHAasi MOAENb, B OCHOBY
KOTOPOU MOJIOKEH KBaJuMeTpuueckuil moaxon u npuHuunsel TQM. [IpumeHeHne METOA0B PErpeCCUOHHOTO
aHajuM3a TO3BOJMJIO BBISIBUTh B3aUMHOE BIHMSHHE KpHUTEpUEB (PErpeccopoB), ONPENeNuTb HX
MPUOPUTETHOCTH M KOJIMYECTBEHHO OLICHUTh Ka4eCTBO (DYHKIIMOHUPOBAHMS 00pa3oBaTeIbHOM MpOrpaMMbl B
nenoM. Takoi Moaxo[| MO3BOJISET BBIABUTH ONTUMAIbHOE KOJIMUYECTBO KPUTEPHEB, UX B3aUMHOE BIUSHHUE U
MIPUOPUTETHOCTh. B manpHeiileM 3T0 mo3BosisseT OoJsiee JOCTOBEPHO M TOYHO ONPEACIUTH YPOBEHBb
aKKpeIuTalui 00pa3oBaTeIbHOM MPOrpaMMBbI, YTO aKTYAIBHO JIsl KAKOTO BBICIIETO YUeOHOTO 3aBEICHUSI.

KuaroueBble ciioBa: oOpa3oBareiibHas MporpaMMa, METOJbI OlEHUBAHMsI, BBICIIME YUeOHBIC 3aBEICHUS,
MaTeMaTH4YecKasi MOJIeIb, KPUTEPHU KAaueCTBa, PErPEeCCUOHHBIN aHAN3.
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