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Abstract. The aim of the research study is the description of the information analytical system
developed by the authors for the formation of an integral linguistic assessment of the quality of
educational services from the perspective of three main groups of consumers: employers,
students and young professionals. The computation of the integral linguistic quality assessment
is based on specially structured information obtained in the course of a voluntary online survey
of consumers on specialized quality criteria for groups. A site has been developed for the online
survey. The algorithmic support of the information-analytical system is based on the methods
SERVQUAL, SWOT-analysis and fuzzy linguistic information processing technologies. The
tools of the information analytical system allow us to obtain: linguistic assessments of the
quality of services from the perspective of each group of consumers, an integral quality
assessment for all consumers and automatically build a SWOT analysis matrix to develop a
strategy to improve the quality of the analysed services. In accordance with modern standards
of quality management, the approach to quality assessment laid down in the methodology for
generating results uses the assumption that the consumer assesses the quality of services based
on a comparison of his/her expectations and perceptions of the service during its receipt.
Keywords: consumers of educational services, education, quality of educational services,
SWOT —analysis.

Introduction

The aim of the research study is the description of the information analytical
system developed by the authors for the formation of an integral linguistic
assessment of the quality of educational services from the perspective of three
main groups of consumers: employers, students and young professionals.
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The problem of assessing the quality of educational services from the
perspective of the labour market and the main groups of consumers of these
services is an actual topic of theoretical and practical research. The quality level
of the educational services provided largely determines the competitiveness and
effectiveness of the work of universities. From the position of the labour market,
the assessment of the quality of educational services plays the role of active
interaction and is a tool for employers to indirectly influence the implementation
and orientation of the training of young professionals. A work by E.V. Novatorov
(Novatorov, 2001) describes the structuring of educational institutions as
organizational systems operating in two interconnected markets: in the
educational services market, providing educational programmes as services to
students, and in the labour market indirectly through their graduates, who in the
process of learning have acquired competencies, characterizing the quality of their
workforce for enterprises-employers.

Quality assessment through surveys, questionnaires and other forms of
obtaining information from consumers is a means of feedback and allows you to
create corrective measures aimed at the practice-oriented development of
educational services. There is a lot of research by Russian and foreign scientists
in the field of creating tools for processing the results of questioning, structuring,
statistical and causal analysis of the information received. In the works by
Ermakova & Nikulina (2017), the features of quality assessment are formulated
and highlighted from the position of the state, employers and students. On the
basis of the results of the questioning of students of Orenburg State University,
the following tools were demonstrated: identifying the strengths of the
university’s activities from the perspective of graduates, obtaining assessments of
the compliance of the structure of the curriculum and the content of educational
curriculum programmes with graduates, teachers and employers. The survey of
graduates and students was conducted in 2016 as part of the annual study
“Graduate of OSU”, more than 2000 graduates took part, and based on the results
of processing the information received, practical recommendations were
developed aimed at improving the organization of the educational process. A
paper by I.V. Toropov (2016) shows the model of monitoring and assessing the
quality of educational services of the university. The most important unit of this
model is “Observing and analysing the quality of service”, focused on receiving
feedback and joining in a single ring of stages “Studying the requirements of
interested persons” - “Implementing services” - “Determining the satisfaction of
interested persons”. In this block, the characteristics of the service implementation
are compared with the requirements of quality standards and the development of
corrective measures.

The information analytical system proposed in this paper that forms the
criterial matrix chart and obtains an integrated, labour market-oriented assessment
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of the quality of educational services from the position of the main consumer
groups is based on the SERVQUAL method (Toropov, 2016). The SERVQUAL
methodology formalizes the idea that quality assessment in the service sector
should be based on a consumer’s comparison of the level of expectation of quality
before consuming a service with the level of quality perception at the moment it
is received. The implementation of this technique is reduced to processing
specialized questionnaires consisting of a set of assessments presented in a five-
point Likert scale according to different criteria for different consumer groups:
the level of service expectancy by criterion, the level of quality perception by
criterion, the level of importance of a criterion. In contrast to the classical
techniqgue SERVQUAL, the technology incorporated in the information analytical
system proposed in the work is implemented by means of fuzzy linguistic
information processing methods. The use of fuzzy linguistic methods of
information processing allows you to significantly expand the set of tools for
analysing the results of the survey by simulating consumer responses using
linguistic variables and constructing rules for fuzzy inference. The fuzzy inference
unit provides an opportunity to take into account various aspects of expert opinion
when assessing the degree of inconsistency between consumers' expectation and
perception regarding service quality criteria. According to the results of a survey
using methods for processing fuzzy linguistic information, a matrix of SWOT
analysis is built, which allows you to identify the strengths and weaknesses of the
university. The methods of convolution of linguistic criteria provide an
opportunity to form various averaging strategies in the development of group
opinion and build various structures of the integral index of the quality of
educational services.

Description of the methodology, algorithmic support and basic units of
work with the information analytical system

We describe the sequential blocks of work with the information analytical
system proposed as part of the study, revealing the main aspects of the
methodology and algorithmic support embedded in their implementation.

Block 1. Questioning of major consumer groups. A survey questionnaire is
created for each group of educational service consumers. The questionnaire
includes three blocks (criteria) of questions, reflecting the three main directions
of assessing the quality of educational services from the perspective of this class
of consumers. For example, the structure of the employer questionnaire is
presented in Figure 1 (compiled by the authors).

In the process of answering each question of the questionnaire, three
positions are filled in on a one-hundred-point scale: “expectation”, “perception”,
“Importance”. You can complete the questionnaire procedure on a specially
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designed website. A fragment of the website is shown in Figure 2 (compiled by
the authors).

 Theoretical knowledge of the profile of the
received specialty

* Practical training in the profile of the received
specialty

» Computer skills

 Legal literacy

» Business communication skills, speech culture

* Ethical behavior

* Readiness for advanced training in short
courses (lasting from 1 to 3 months)

* Readiness for advanced training in long-term
courses (lasting over 3 months)

» Willingness to receive a second higher
education

* Willingness to study in graduate school

» Readianess for official travel

» Willingness to master related and additional
professions and specialties

* Initiative at work

* Ability to work in a team

* Ability to work independently

* Ability to make decisions

» Susceptibility to innovations, innovations
* Leadership skills

* Sociability

Figure 1 Structure of the questionnaire for employers (compiled by the authors)

Answers to each position of each question are modelled as linguistic
variables (Parasuraman, Berry, & Zeithaml, 1988) defined by a tuple (K,T,U)
(K - variable name, T ={T,,T,,..,T, } - term set of variable values, base set U).

Positions "expectation™ and "perception™ are modelled by linguistic variables
K', K" that have the same term set, set on a 100-point base scale. The “importance”

position is modelled by a linguistic variable V with a term set
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G =1{G,,G,,G,,G,,G.} (G, - «very low degree of importance», G, - «low degree of
importance», G,- «medium degree of importance», G, - «high degree of

importance,», G,- «very high degree of importance»), terms of which are also

given on a 100-point base scale. The formation of a fuzzy set of the base scale
corresponding to a certain term T, (G,) is reduced to the construction of the

membership function s, (u) (g, (u)), the values of which for each ueU, represent
the degree of correspondence of the number of points u e U; to the term T;.
In the process of constructing functions u; (u) it is assumed (Borisov,

Alekseev, & Krumberg, 1982): the numbering of terms is such that a term with a
left-sided carrier has a smaller number; s (u,,)=1 u (U,,)=1; for any

ii+1<N) O<max . (u)<1;foreach number i there ueU :x, (u)=1; for anyone
ueu i i+1 i
T 2 py (U)>1.

uel
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Boporeskckan rocyaspcTEEHHAA NeCoOTexHMUEeCKas akaneMma v
Parv N
L ARVJIBTET: NecoxozaRcTEEHHEIR PakyneTeT M
Al I's T
Cratyc: Cruaset 3

Figure 2 Fragment of the website (compiled by the authors)

Block 2. Formation of rules for obtaining quality assessments on the basis of
filled in “waiting”, “perception” positions. Linguistic variables are introduced:
Y' - quality by issue, Y - quality by criterion. The term set of these variables has
the form s ={s,,s,,... S}, where S, - «very low quality by criterion», S, - «low
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quality by criterion», S, -« average quality by criterion», S, -« high quality by
criterion», S.- « very high quality by criterion». As a base set for constructing
terms, a set is used U = {1,2,...100}. Membership functions 4, (u) coincide with the

corresponding membership functions ; (u) of the terms G; of the linguistic
variable "importance”.

; ?¢ Ouge HKa KaYecTRA OHA3aHHA nﬁpa:nnaTenhthx ycnayr g@@

PyYHKUMH MPHHaLNERHOCTH  FIMIMEELHA lBeca ] Mpaeuna naq SW’DT-aHaanal CPalimm] Pesgana'rm]

I'IpaE:Mna HEYETKOrD NOrMYECKOro EEIEOAR N4 OnNpeasneHka KaYecTER N0 COOTEETCTEYHIWEMY KPMTERMK KEKA0H raynne .

rpynna noTpednTensdi 04 K.pHTepmil .
KpuTEpmi:
" cTydeHTEl " Kpurepuil

MoTHEALMS
NpodeCcCHOHAaNEHOMD POCTa
MOMDO0rD CHeUManqcTa

" MONOLbIE CNELHanMCTEl

{* pafoTogaTend 0 KpuTepHind

OMEHE HWSKOE CPE0HEeE

jm KAYECTED N0 KpHTEpMin| FEE0K0E j Ok

Ecu oxmaatme "Huskoe ' W BocnpuaTHe Bicokoe ', TO KAYECTED - 0Y4EHE BICOKOE A
Ecau oxMaaHie "HUzKoe ' W BOCPUATHE "'04eHE BRICOKDE ', TO KAYSCTED - OYeHE BEICOKDE

Ecnu o#maaHKe "cpegHes "' W BOCIPMATIHE "DYEHE HWMSKOE "', TO KAYECTEO - D4EHL HWMEKOE [pagmna No YronaHKo ‘
Eciu okMaaHue "cpedHes " M BOCNPWATHE "HWZKOE "', TO KEYECTEO - 0YEHB HW3KOE

EcnM o#MaaHqe "cpenHes "' W BOCIpKATHE "'CpegHee ', TO KAYECTED - CpedgHes

Ecu oxmaanme "cpegHes "' M BocnpuATHe Bricokoe ', TO KAYECTEOD - 04YEHE BRICOKOE

Ecau oxxMaaHue "cpegHes " M BOCNPHATHE "'0YeHE BRICOKOE ", TO KEYECTED - DYEHE BRICOKOS

Ecnu o#maHKe "Beicok0e ' 1 BOCMPUATHE "04eHE HUSKOE ', TO KAYECTED - DYEHE HUSKOE

Ecnu oMaaHie "Bkicokoe ' W BOCMPMATHE "HUZKoE ', TO KAYBCTED - OYEHE HU3KOE

Ecnu omaatme "Bbicokoe ' M BOCMpMATHE "'CcpenHes ', TO KaYECTBD - HU3KOE

Ecnu omaatme "Bricokoe ' W BocnpuATHe 'Beicok0e ', TO KAYECTED - BRICOKOE

Ecaun oMaatie "Beicokoe "' M BOCMPMATHE "'04eHE BEICOKDE ', TO KAYSCTED - O4EHE BEICOKDE

Eciu omaatie oveHb BrICOKOE ' W BOCNPUATME "04EHE HUZKOE ", TO K3YECTED - OYEHD HWSKOE

Ecnu ooxuMnaHie 'oveHE BEICOKDE " M BOCTIPMATHE "HU3KOE ', TO KAYSCTED - O4EHE HW3KDE v

Ecm ostmg aHmHe jM EOCAPHATHE

Brixon

Figure 3 Fragment of the work of the information analytical system for the input of fuzzy
inference rules (compiled by the authors)

The device, based on the rules of fuzzy inference (Azarnova, Kretinina, &
Stolbovskaya, 2008), allows for each question of the completed questionnaires to
display linguistic variables K', K" (“expectation”, “perception”) in the resulting
quality variable Y' and to get a point estimate of the resulting variable. For each
criterion, a set of rules of the form is built by an expert «D, : if K'=T, and K"=T,
then Y =S, ». Processing the rules and obtaining point estimates is carried out using

special methods for implementing fuzzy implication. The information analytical
system under consideration uses a fuzzy implication of Lukasevich (Parasuraman
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et al., 1988). As a result of working with the rules, a point numerical quality
assessment is formed E €[1,100]. To go to the linguistic term of the variable
"guality”, a simple search is used, the essence of which is to calculate the measure
of membership . (E) for all S; and select the term s™ with the largest measure of

membership. Figure 3 shows a fragment of the work of the system for experts to
draw up rules for fuzzy inference.

Block 3. Formation of a generalized quality assessment of the criteria (blocks
of questions) for each questionnaire. To construct a point quality estimate for each
criterion, an additive linear convolution of point estimates is used for questions
related to this criterion. The weights w; used in the formation of convolution are

calculated by an expert and reflect the contribution of the question to the
formation of the criterion under consideration. After receiving a point estimate
using the simple enumeration method, the system forms the corresponding term
of “quality” according to the criterion Y .

Block 3. Formation by each criterion of each group of consumers averaged
over the totality of questionnaires indicators of "importance” v and "quality" Q.
The system uses LOWA - the ordinal averaging (aggregation) operator to
calculate averaged indicators (Borisov, Alekseev, & Merkurieva, 1989):

@, (L,...,L,)=C"{(W,,P, ) k=1..,n}=w,® P, ®&C"*{,,P,), h=2,..,n}, (1)

where W =(w,,...,w, ) - weights vector (w, [01], $w, =1), P = (P,...., P,) - ordered
i=1

by non-ascending linguistic terms vector L=(L,,...L,), 8, =—

2 Wy
k=2

combination of n terms, the calculation of which is reduced to the sequential
convolution of two terms by the formula:

,h=2,...n, C" -

C*w,P,i=12}=w, ® F, ®(1-w,)F, =F,,
izi, P =F,P,=F, k=min{n,i+round(w,(j—i)}. (2)

The principle of averaging using the linguistic OWA-operator is determined
by the choice of the weights vector W =(w,,..,w,). The weights vector

W =(w,,...,w, ) can define the following averaging principles (Azarnova, Kretinina,

& Stolbovskaya, 2008): the average estimate should not be higher than the lowest
one of collapsible estimates — the conjunctive strategy; the averaged estimate
coincides with the highest one of collapsed estimates - the disjunctive strategy;
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the average score implements a compromise between collapsible estimates - the
compromise strategy.
The disjunctive strategy corresponds to the weights vector W =(1,0,0....,0),
conjunctive - W =(0,0,0,...,0,1), compromise - W = [E 111 1) Along with these
nnn nn
"pure™ strategies, there are hybrid strategies, the functional representation of
which is given by the parametric family of operators. For arbitrary use when
aggregating the weight vector W =(w,,...,w, ), the function
orness(W):n—z( iw, (3)
— |—l
characterizes a measure of proximity to a disjunctive strategy, and the value
andness(W )=1-orness(W) characterizes the measure of proximity to the
conjunctive strategy. If value orness(W)>0.5, then the corresponding OWA
operator is called quasi-disjunction. If value andness(W)<0.5, then - quasi-

disjunction. Function values

— (4)
characterize the compensation properties of aggregation operators, the closer the
value tradeoff (W) to 1, the higher the compensation properties of the operator.
Weights vectors can be formed using linguistic quantification functions
Q:[01]—[01] ©Q()=0, Q@=1. The community quantifier is given by the
quantification function:

tradeoff (W )=

0, if 0<x<1
=1 , 5
N R ©
quantifier of existence:
L,if 0<x<1
" , 6
Q={0 10 ©
quantifier "at least m (me Z_ )»:
m’ if x<—
Q=" (7)
1if x>—
m
quantifier "most"
0,if x<a
Q) =122 ifa<x<b. (8)
b-a
Lif x>b
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With the help of quantification functions, the weights of linguistic OWA
operators @ that implement the corresponding properties are calculated as

follows:
el weolt)-o

Block 4. Implementation of the SWOT-analysis (Uchitel' & Uchitel, 2014)
based on the results of the calculation of the averaged estimates of "quality”" Q;
and "importance™ V; for all criteria of all consumer groups. Experts form the rules,
on the basis of which from a variety of criteria are selected subsets that can be
attributed to the strengths, weaknesses, as well as opportunities and threats for the
development of services. The rules have the form “if Q, =(>,<)S, [and

V. =(>,<)G,,]», then the criterion is a strong point (weak point, opportunity or

threat). Figure 4 shows the results of a SWOT analysis for a demo.

7 OueHka kayecTsa 0ka3aHuA 0Bpa30BaTENLHIX YCAyT =HECEIE X
FYHKLMM MPHHEALTERHOCTH HMI‘IJ’IHKELLMH] Beca ] MNpaguna ana SWDT-aHanusa] Panine  Pesynstarsl
N CooTEETCTEME KAYECTEA 0B Pa30EATENEHOM Yoy
YCpeoHEeHHER NOKA3ATENM BEKHOCTH M KBHeCTEa
CPBOHEE - C NOSHUMK CTYLEHTOE -
G l crieuvamncTel  PafioToRaTE M l BBICOKOE - C NO3MUMM MONOALIK CIEUMANMCTOB
CPBOHEE - © NOSHUMK PaGOTOLaTenes
HopEaHEHHEF MoK SSETENE KAYECTES N0 EONPOCEM W ERHTERMHAR)
(08w a8 oUeHE 8 KAYECTES OKAZAHUA OBPaE0BATENEHEL Yeyr
Bonpoc M2 1 sHaveHue HUSKOE - oleHIEaENBIM BY 3om: cpeaHes il
Bonpoc Mf 2 sHayeHWe 04eHs HUSKOE
Bonpoc M# 3 sHayeHue HU3Koe E
Bonpoc Mf 4 sHayeHue Beicokoe
Bonpoc Mt 5 sHaveHME oveHE Bhicokoe
Bonpoc M B sHavsme cpegHes FezyneTaTe pacnpenensHua kpuTepuee ana SWOT-aHanuza
Bonpoc M2 7 sHayeHMe Beicokoe
BDI‘IDDC M2 B ZHAYEHME OUEHE BEICOKOE CUNEHEIE CTOPOHEI Cnagke CTOPOHEI
Bonpoc M2 9 zHaueHue Bbicokoe L 0608w &HHan oueHES - FEANMPHEALHA H CTHE
npecTxHocTH BH 3a W NOEEAEHHA NPOPECCOPCKO-
CIIEUHANEHOCTH | MPEMNOLAESTENECEOMD COCTAES
BocnpudraMeocTs K 3 K.ataryHuk At nbHOCTE
YepaaHEHHEIN MoK a3ETENE BAKHOCTH (N0 BONPACAN W KDMTEDMAN) WHHOBALHAM 1 HOBOESELEHHAM (BECnEYEHHOCTE MECT atW B
[OTOEHOCTE K OENSLEHMID OB ERUTIM
Bonpoc N2 1 sHaverue cpenes - CMEHHEINMM W LOMOIHWTENBHEMA T -
Bonpoc M2 2 sHayeHWe 04eHs BbICOKDE =
Bonpoc M2 3 sHayeHWe 04eHb BbICOKOE 5 BOSMOKHOCTH: Yrpozel
Bonpoc M2 4 sHayeHWe 04eHb BbICOKOE
Bonpoc N 5 sHaueHuE n4eHE BEICOKOE ConeiicTeme BY3a ’ YaoticTEo pacnHcaHua
Bonpoc N B sHaueHue ouens sbicokoe TPUAOYCTROACTEY BRIMYCKHUKOE OfecneqeHHocTE METOAMMECKON
Bonpoc NE 7 sHaueHue ouens Hiskoe (figCredeHHOCTE CaHATORHD: MTEPATYRORA
Baonpoc Nt B shauerue cpegnee % NPOPUAGKTHHECK DN Bam0i
Brimon

Figure 4 SWOT analysis results (compiled by the authors)

49



Azarnova et al., 2019. Information and Analytical System for Obtaining an Integrated Assessment
of the Quality of Educational Services from the Position of Consumers

Block 5. Formation of generalized quality assessments for consumer groups
and in general in the educational direction. Generalized assessments are built on
the basis of pairs of vectors for averaged linguistic assessments of the educational
service and their average importance according to criteria from students, young
professionals ~ and  employers: A =(al,al,..,al), W, =(wwi,.,wh),
A, = (a2 82,82 ), W, = (W2, w2,.., w2 ), A, =(aa2,.,a° ), W, = (W}, w,..w? ).

Three linguistic variables are introduced z,, z,, Z, - integral assessments of

the quality of educational services from the perspective of students, young
professionals and employers, respectively, and the linguistic variable z - a
general integral assessment of the quality of educational services.

The term set of entered variablesis Y ={H,,H,,...H,}, H, - «very low quality
service », H, - «low quality service », H, -« average quality of service », H, -«
high quality services », H,- «very high quality service ».

The values of the resulting integral linguistic variables are formed using the
linguistic MAX-operator (LMAX)

LMAX,, (A) = maxmin{w,,a} (10)
or linguistic MIN operator (LMIN)
LMIN,, (A) = minmax{Neg(w;).a;}, (11)

where Neg — denial operation on a linguistic scale H ={H;} ;. (Neg(H;) =H, ).
For example, when using the linguistic MAX operator, we get the following

integral variables:

Z, =maxmin{w,a;}; Z, = max min{w,
i=1,n i=1,n,

*.a'}; Z, =maxmin{w;,a’}.

To obtain a general integral assessment of the quality of educational services,
classical linguistic weighted multiplicative and additive convolutions (Borisov et
al.,, 1982) are used, associated with the numerical vector of weights W

characterizing the importance of information sources.
Conclusion
The quality of educational services has a significant impact on the efficiency
of the labour market, therefore, information systems and technologies that

implement the tools for obtaining, structuring and providing information on the
quality of educational services to subjects of the educational market and the labour
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market are relevant. This paper presents an information analytical system for
assessing the quality of educational services from the perspective of the main
consumer groups, based on fuzzy algorithms for managing the local monitoring
process and evaluating the quality of educational services from the perspective of
three consumer groups: students, young professionals and employers. A
specialized technology has been implemented for organizing an Internet site for
conducting a consumer survey of services and processing the results of the survey
by using linguistic group assessment methods. The proposed technology is a
modification of the SERVQUAL method. The use of a fuzzy approach
significantly expands the possibilities of structuring and averaging group survey
information.

Summary

This paper presents an information analytical system for assessing the quality of
educational services from the perspective of the main consumer groups, based on fuzzy
algorithms for managing the local monitoring process and evaluating the quality of
educational services from the perspective of three consumer groups: students, young
professionals and employers. The basis of the developed information analytical system
is a linguistic algorithm aimed at the formation of the estimated characteristics of the
quality of educational services. The algorithm is based on the SERVQUAL method, in
accordance with which the score assessment of quality in the service sector should be
based on the customer’s comparison of his/her expectations of quality before consuming
the service with the perception of quality at the time of its receipt. The information base,
on the basis of which private and integrated estimates are formed, consists of specially
developed questionnaires of students, young specialists and employers. Fuzzy linguistic
information processing tools allow you to expand the range of tools for analysing the
results of the survey, use a fuzzy inference machine that models the process of
generating conclusions based on estimates of expectations, perception and importance
for each item of the questionnaire of each group of respondents, build different strategies
for aggregating group information.

In the process of working with the information analytical system, the researcher
receives: a linguistic quality assessment from the position of each consumer for each
evaluation criterion; a linguistic assessment of the quality and importance for each
criterion of each group of consumers; integral linguistic assessments of the quality of
each consumer group, an integral linguistic evaluation from the position of all
consumers; on the basis of special logical rules, a matrix of SWOT-analysis to highlight
strengths, weaknesses, opportunities and threats to the educational direction is formed.
The results of the algorithm depend on: the specification of linguistic variables
expectation, perception and importance for the evaluation criteria; the rules used for
fuzzy inference; the chosen aggregation strategy embedded in the OWA aggregation
operator when receiving a group assessment of the quality and importance of each
criterion for each group of consumers.
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It is intended to develop the algorithmic support of the information analytical
system, which will allow the settings of the calculations (membership function of terms,
group aggregation strategy) to be selected based on the analysis of the statistical
distribution of survey data. In particular, it is planned to build confidence factors for
high and low quality estimates obtained for individual respondents; also, when
developing integrated estimates for each group of respondents, instead of LMAX and
LMIN operators, it is planned to build special linguistic scales for translating quality
values taking into account the importance of the criterion measured on a certain
universal scale.
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