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Posznsoatromocs numanns niompumxu npuinamms piwienv npu
po3pobui nnany pozeumxy 6y3y. Lle séaxcaueo, momy wo cyuacui men-
Oenyii pozeumxy opeanizauii 6uwloi 0C6IMU NOCMIUHO 3MIHIOIOMbCA
i yckaaonoomoca. Ynpasiinna 0peanizayicto 6 CYHACHUX Ymoeax
cmae adanmuéHum, 6UNEPeONHCYEAILHUM, CIPAMEZIMHUM, WO 6UMA-
eac nepeensndy incmpymenmis ynpasainna. Ocnogoro cmpameeziuiozo
NAAHYEaAHHS BUCMYNAE THOUKAMUBHE NIIAHYBAHHSL, SKe 6 CE010 uepey
€ opmoro, supiumanviioro npooaemy nedockonanoi inpopmauii vepes
noxaznuKu, wo onucyromv 06'ckm, npouec ato seuuwe. Edpexmusne
YNPasaiHHs OiANbHICMIO 6UWL020 HABUAILHO20 3AKNA0Y 8 PAMKAX NIA-
HYyeanus exaouac Qopmu i memoou popmyeanns cucmemu nokas-
HUKie, w0 6i006pa3caromv Kapmuny cmany opeanizauii.

IIpouec po3pobru nnany pozeumxy ynigepcumemy CmMuKacmocs 3
npo6eMol0 6uOOPY i PaAHICUPYBAHNA NOKAZHUKIE POIGUMKY SUWL020
HABUANILHO020 3aKIA0Y, OXONTIOE K MaAMePialvhi, max i Hemamepiaiv-
Hi cmoponu i € 6azaMoKpUmMepiaiIvHOi 3A60AHHAM NPUIIHAMMI Pluletb.
s eupimenns uvozo 3asdanns neobxiono eudpamu memoo 0ns nio-
mpumKu nputinamms piuwenv 01 QopmMyeanns cucmemu iHOUKamue-
HUx noxasnukie. OuiHI06aAHHS IHOUKAMUBHUX NOKA3HUKIE 301UCHIOEMb-
¢ uepe3 no6y0osy KozHIMUGHOI Kapmu, anpioprozo PAHNCUPYEaAHHA i
Memody ananizy iepapxii i3 3aayueHnam excnepmie 3i cpepu ynpae-
JUHHS 6UU010 0C8IMoto. Ompumani pe3yrvmamu nopieHIOIOMbCS 3 Ypa-
XYyeannam nepesaez i Hedonixie oopanux memodis. Ilpuiiname piwenns
w000 eubopy Memody opmyeanis NOKA3HUKIE NONA2AE 6 CNINLHOMY
suxopucmanni memody ananizy iepapxii ma no6y0osi xKoeHimueHoi
xapmu. Ilpu zibpuonomy sacmocyeanni memodié 6paxo8yemvCs 63a-
EMHUI 6NUG NOKA3HUKIE 1 6i0N0GIOHICMb NOKA3HUKIE HANPAMKAMU
po3eumxy yHisepcumemy. Anpiopne pawicy8anns ons Qopmyseanms
NOKA3HUKIB 3aCMocosyeamu HedouilbHo, max axK eiocymui oani npo
cninbHe 6NUG 00U HA 001020 0EKIIbKOX 00CNI0HCYBAHUX NOKAZHUKIG.

Pezynvmamu 0ocniodncenus cnpsamosani Ha CnpouleHHs npouecy
npuiinamms piwens 6 nNaAAHYEanHi: 00K 8Y3bKUX MICUb NPU PO3POOUI
naany po3eumxy, nideuuienis axocmi pobomu i nasuanns, epexmuene
BUKOPUCAHHS MAMEPIATLHUX | HeMAMEPiaTbHUX PeCYpCis

Kmouogi crosa: ouinka, cucmema, noKkasHux, ynpasiinus, cmpa-
mezis, pO36UMOK, iEpaApPXis, KOZHIMUGHA KapmMa, PiuleHHs
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are becoming more relevant. The lack of marketing research

into local labor markets, reliable forecasts of the state of ex-

The problems related to ensuring the quality of higher  ternal environment for a regional university is accompanied
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educational establishments of the Republic of Kazakhstan  formation of tasks and activities. Ambiguous assessment of




the current situation due to subjectivity, inaccuracy or in-
formation distortion lead to the idea of having to use modern
methods and tools in the process of planning the activities
of a university. That is why the problem of the formation
of planning indicators [1], which would reflect the picture
of the state of a university and enhance the quality of the
management of the regional education system, is important
and relevant today.

The market of educational services implies the use of
the strategic approaches in the system of management of
higher education institutions. To date, all higher educational
establishments of Kazakhstan introduced strategic manage-
ment through the designed strategic plans and programs of
social development [2]. For the most part, they include me-
dium-term strategic indicative plans designed for a period of
three to five years, containing specific objectives and describ-
ing their indicators, as well as the planned activities to achieve
the indicative indicators. Strategic planning covers the peri-
od, at the end of which it is possible to update the trends of
development, for example, under the influence of changes of
the requirements of external environment, behavior of com-
petitors, the situation in a region or in a country in general.
The changing needs of the society, technological progress and
market conditions, academic freedom of universities are all
important and relevant factor to refine, improve and update
the plans of universities development [3, 4]. Monitoring and
control of attaining strategic objectives directly depend on the
degree of achievement of planned indicators.

2. Literature review and problem statement

Modern studies propose a variety of approaches to form a
system of performance indicators of enterprises.

Most of the procedures were developed for financial
institutions and are based on financial analysis. Paper [5]
estimated the procedures of development of the procedure
based on the analysis of financial-economic activity of orga-
nizations [6, 7], the method of A. Pismarov [8], the system
of balanced indicators “MAG Consulting” [9], etc. A plenty
of merits of this procedure were identified: availability of
financial and non-financial indicators in the system, relation
of indicators operational efficiency to a strategy, integrated
characteristic of an activity by 4 prospects and so on. The
following shortcomings were pointed out: incomplete study
of causal relationships, lack of indicators’ balance in the
system, lack of the relation to the strategy, etc. Bearing in
mind the identified shortcomings, as well as general aiming
of the methods at the construction of indicators related to a
greater extent to the economic (financial) efficiency — these
procedures are not suitable for the formation of indicators of
development of the socio-economic system of a university.
The effectiveness of a university can be measured not only
by the financial component, it is also necessary to determine
indicators of the educational, scientific and international
activities.

One of the first papers related to the study of the struc-
ture of the indicators for a university [10], focuses on a com-
parative analysis of the balanced system of indicators of four
institutions of higher education. It is proposed to use the
results as a basis for the development of the overall structure
of the balanced system of indicators in higher educational
establishments. However, the methods and techniques used
to develop a system of indicators were not covered.

In study [11], the traditional approach to the formation
of the indicators of development was supplemented only
with theoretical study of the advantages of the management
model by stakeholders.

Article [12] examines the existence of missions and stra-
tegic development plans in Ukrainian universities. It was
found that the most common mistakes when developing a
strategy include the lack of quantitative indicators, the use
of very small indicators that are operational and local in
nature. This work deals with the problems of indicators of a
development plan, but the information has a general explor-
atory character.

The economic-mathematical model, the objective function
of which is an integrated indicator that takes into account
the degree of attainment of strategic objectives by structural
subdivisions of a university, was studied in [13]. The solution
to the model was found numerically using the developed
software and is an action plan in the field of human capital of
development of structural subdivisions of a university.

The development of two quantitative innovation indicators
and the indicators related to them are explored in paper [14].
This study draws new indicators and indicators for com-
paring innovations between universities, industry and the
state. Article [15] deals with the creation of benchmarking
indicators for employees’ job satisfaction using a large sam-
ple of various industrial and professional sectors. The study
provides comparative data for researchers and practitioners
in the diagnosis and strategic planning initiatives, as well as
in improvement of the development plans.

At the University of Cienfuegos, the methodology of the
development of strategic control indicators for harmoniza-
tion of management and a strategy was applied [16]. Re-
sults [13-16] were applicable for the stages, following the
formation of indicators of the development plan — for diag-
nosis, control, and improvement of the development plans.

The development of a result-oriented information-ana-
lytical system of control of management of the scientific and
educational activities of the university is presented in [17].
The concept is based on the methodology of indicative plan-
ning in the university scientific and educational activities and
is represented in the form of formalized procedures. Special
attention is paid to the system of indicators, their formaliza-
tion and algorithms for designing the analytics of functioning
of the educational system. The model includes indicators that
are consistent with the university’s orientation plans. In this
work, indicators are considered only as input parameters of
the information system “Indicative planning”.

Analysis of publications shows that a large number of
methods and mechanisms directed to implementation and
formation of different stages of strategic planning in higher
educational establishments were developed. Starting with
analysis of external and internal environment, they cover
selection, design, implementation of strategies and scenarios,
evaluation and control over planning. There remain the gaps
in the choice of the methods for formation of development
indicators for the university. In addition, analysis and per-
formance assessment for any university are individual and
should take into consideration the institution specifics.

3. The aim and objectives of the study

The aim of this study is to choose the method for de-
cision making support in the development of a university



development plan, in particular, in formation of the system
of indicative indicators.

To achieve the aim, the following tasks were set:

— to substantiate the main decision-making criteria in
the formation of the indicators of the university develop-
ment plan;

—to offer the method for making a decision on the
formation of indicative indicators of the university devel-
opment plan.

4. Methodological principles of the formation of
indicative indicators of the university development plan

In terms of the set goals, one can distinguish the follow-
ing types of indicative plans: marketing, structural and stra-
tegic; relatively to the development horizon: strategic long-
term, strategic medium-term, the current short-term plans.

Most universities of Kazakhstan develop medium-term
strategic development plans, on average for 5 years, which
include certain missions, goals and objectives of a univer-
sity [17]. According to the same study, the main methods
used for the development of a strategic plan are 88.6 % of
SWOT-analysis and 27.3 % of PEST analysis. The following
stages of strategic planning, as well as methods and models
recommended for the development and implementation of
each of the stages, are distinguished (Table 1).

Table 1
Systems of methods for designing strategic plans

System of recommended methods

SWOT, PEST, competitive,
comparative analyses, analysis of
resources

Implemented stage

analysis of internal, external
University environment

determining the mission and

. . . brain storm, target tree
the aims of the university - Larg

method by the Boston Consulting
Group, McKinsey method, method
of product life cycle,
portfolio analysis

1. Ansoff model, G. Steiner model,
quality deployment of plans

choice of strategies and
scenarios

development of the basic
strategy

method of network planning, work

strategy implementation sharing method

system of balanced indicators,
financial analysis

formation of the system of
indicators

strategic audit, diagnostic self-as-
sessment

assessment and control of
strategy implementation

The basis for the development of indicative plans includes
indicators that allow describing the processes and phenome-
na, generate and substantiate the tasks for a specified period.
Generation of indicators for a higher education institution
through the proposed methods is difficult, because the spe-
cifics of the organization are not considered. For effective
management of the activity of a higher educational institu-
tion in the framework of planning, it is necessary to consider
the forms and the methods for the formation of a system of
indicators that would reflect the full picture of the state of a
university, the effectiveness of which lies not in the economic,
but rather in the educational and scientific research activities.

An indicator is a quantitative-qualitative representation
of a process, an object or a phenomenon. The quantitative
side reflects quantitative certainty, whereas the qualitative
side shows the essence and belonging of an object to the time
and place in a plan. When developing the target indicators,
a system of indicators that are interrelated and supplement
each other, rather than a separate indicator are determined.
Basically, it is required that the system of indicators should
reveal the essence of an object, a process and a phenomena,
reflect the features of an object, meet the development goals
and objectives, focus on the effective use of resources, have
methodological unity and the possibility of comparison with
the indicators of accounting and statistics.

Principles of formation of the indicators of the university
development plan:

1. Comprehensiveness. A higher education institution
is considered as a system, the indicators should reflect the
situation in all spheres of activity, at the same time should be
interrelated describing various aspects.

2. Completeness. Reflection of the widest possible spec-
trum of phenomena and processes taking place both in inter-
nal and external university environment.

3. Simplicity. Limitation of the number of indicators to
the most important for operative monitoring and control of
execution, at the same time, the informative value of the plan
should not be lost.

4. Comparability across time and space, unambiguity.
Indicators should be comparable in the time horizon, tracked
in dynamics, comparable with the indicators of programs
and plans of higher levels.

5. Decision-making method for the formation of
indicators of the university development plan

Formation of indicators of the university development
plan is based on a set of indicators proposed by the structural
divisions of a university (Table 2).

Table 2
A set of assessed indicators
Code Indicator
1 2
Cy Share of university graduates, taught by the state order, employed according to speciality within the first year after graduation
Cy Number of foreign students, including those who were taught on a fee-paying basis
Cs Academic and teaching staff (ATS) having Master’s degree
Cy Academic and teaching staff (ATS) having a scientific degree
Cs Share of ATS involved in production
Cg Share of ATS and employers who have upgraded their qualification
C; Number of ATS members invited from abroad
Cg Number of university ATS members




Continuation of Table 2

1 2

Cy Students’ body

Cio The body of Master students and doctoral students

Cyy Admission to Bachelor’s programs

Cio Admission to Master’s programs

Cy3 Admission to Doctor of sciences program

Ciy Number of educational programs in English

Cys Number of ATS teaching in English

Cis Body of multi-lingual groups

Cy7 Number of educational programs in the framework of the social project - «Serpin-2050»

Cis Increase in the amount of educational- methodological literature in the state language

Cyg Share of a university site, implemented in accordance with the requirements for accessibility for users with disabilities

Coo Creation and improvement of th_e infrastructure of a university for barrier-free access to education and accommodation of
the students with special educational needs

Cyy Annual upgrading computers and telecommunication means

Cyy Share of educational programs developed based of the area frameworks and professional standards

Co3 Share of educational programs of baccalaureate containing the discipline aimed at formation of entrepreneurs’ skills

Coy Increase in the number of social partners

Cos Amount of educational-methodological literature designed by ATS members and implemented in academic process

Cos Number of students who have taken part in the program of external academic mobility

Coy7 Number of joint educational programs and the programs of two-diploma education

Cog Number of events to attract foreign students, trips to the countries of Central Asia

Cag Number of agreements signed with foreign educational organizations

Cso Number of students studying in English

Csy Share of educational programs, accredited in national and international agencies

Csy Belonging to top-10 national ratings of the best multi-profile higher educational institutions of Kazakhstan

Cas3 Share of scientific research funding in the total university budget

Csy Share of ATS and scientific researchers having publications in the international reviewed scientific journals

Css Number of commercialized projects

Cag Number of implemented start-ups

Cs; Number of obtained national patents

Cag Number of ATS members taking part in implementation of the fundamental and applied research

Cag Share of students taking part in implementation of fundamental and applied research

Cio Number of teachers taking part in the competition for the title of «The best teacher of a higher educational institution»

Cuy Number of students taking part in subject Olympiads, scientific competitions

Cio Number of scientific studies performed within international cooperation

Cus Number of publications of scientific articles in the international reviewed scientific journals

Cyy Number of patents and other protective documents, obtained by the university scientists

Cus Number of Master degree students and doctoral students taking part in implementation of fundamental and applied
research

Cus Number of publications of scientific articles of Master degree and doctoral students in the international reviewed scientific
journals

Cy7 Share of university students involved in socially useful activity

Cus Involvement of students in events on information support

Cug Share of students who have taken part in round tables, meetings on prevention of religious extremism

Cso Number of students of a higher educational institution taking part in students’ self-governing bodies

Cs1 Number of participants in state and private partnership in the work of SK «Sunkar»

Cso Share of students taking part in sports sections

Cs3 Increase in the number of sports and sport health sections

Csy Functioning of the organs of corporative management (Supervisory Board)

Css Implementation of Road map on translation of the experience of Nazarbayev University

Cse Attraction of foreign specialists to the university top management

Cs7 Transition to the new organizational-legal form

Css Number of publications in regional and republican printing editions about the university activity

Csg Existence of valid certificate of compliance of QMS with the ISO 9001 standard

Ceo Organizatiqn of overhaul and premises re-planning using the contractors with application of new decorating materials and
modern design

Ce1 Decrease in power consumption (with increasing total)




Stage 1. Evaluation of indicators as for the existence of
interrelations between the indicators. The cognitive map of
mutual influence of indicators (Table 1) through the repre-
sentation of the variety of description of a complex system is
constructed.

D=<C, E>, @

where D is the directed graph, C={cy, ¢s,..., ¢} correspond to
the set of graph vertices (indicators), E corresponds to the
set of arcs that reflects the relation between the vertices of
the modeled system.

The problem is to find the total influence of concepts on
the graph beginning with ¢; to ¢j, i. e. in determining the to-
tal causal effect ¢;(c;—>cp—...—crm—c;). The causal path can
be found by the following formalization [19]:

cicj.:(i,kf,k;,...k;,j)=P,., r=1m, (2

The degree of concepts’ influence is evaluated by experts
through the totality of linguistic variables “strong”, “moder-
ate”, “weak”, etc., with the compared numerical values from
the interval [0.1]. The influence direction is assigned by
the “+” sign provided that an increase/decrease of concept ¢;
leads to an increase/decrease in concept ¢j; provided that an
increase/decrease in concept c¢; leads to a decrease/increase
in concept of ¢;.

Formation of indicative indicators of the development
plan through a cognitive model makes it possible to visu-
alize a phase of analysis and study results [20]. Indicative
indicators (Table 1), represented as vertices of a cognitive
map — a digraph, give the following assessment of mutual
influence Fig. 1.

According to this model, concepts Cg, Cg, C1g, Cog have
the largest number of relations. The number of detected re-

lations ranges from 4 to 11:

CSHC36C4%C5%C5—>C15%
—Ca5>C36—>C33>Cy3—>Cyy,
Cg%C1%C2%C16%C19—>C26—>
—C36—>C39—>Cy—>Cy9—>C50—Cso,

C10—=>C27—>C36—>C39—Cys,
Cr9—=Co6—Co7—Cay,

which indicates an important role of these concepts in the
formation of the rest of the indicators.

Stage 2. Evaluation of the indicators as for meeting
strategic objectives. The method of hierarchy analysis
(MHA) is the method of decision-making, which allows
representation of a complicated multi-purpose problem as
the elements, such as objectives, criteria and alternatives in
order to make decisions [21]. This method can be used to
develop multiple hierarchical structures having an impact
on difficult decision making. After constructing a hierar-
chy of factors, the significance of factors is determined by
pairwise comparison. The weight of various factors influ-
encing the objective of a decision-making system can be
calculated in accordance with the comments by the method
of analytical hierarchy [23].

When deciding on the structure of the system of indica-
tive indicators, we will consider the hierarchy, for example,
in the form:

— objective — estimation G of the priority of the classical
strategies of M. Porter [24] on the university development;

— criteria of level 1 — group of strategic direction of de-
velopment. Py ensures high-quality training of competitive
staff. Pyis the modernization of the content of educational
programs of higher and post-graduate education in the
context of the world tendencies. P3is the development of re-
search and innovations, enhancement of their effectiveness.
Py is the involvement of the youth in strengthening spiritual
and moral values within modernization of social awareness
and culture of healthy way of life. P5is improving the man-
agement and monitoring of development of the educational
activity of the university;

— criteria of level 2 — individual indicators. C; is the
share of graduates who studied by the state order, who found
the employment within a year after graduation from the
university. ... Cy4 is the number of ATS members with a scien-
tific degree. ... Cqy is the share of the educational programs
of baccalaureate, containing disciplines on the formation of
entrepreneur skills. ... Cgy is the decrease in power consump-
tion (Table 1);

— alternatives — strategies: Sy — generation of cost-ef-
fective educational services; S, is the differentiation of
educational services; S is the orientation to a wide market;
S — orientation to a narrow market niche.

The 9-point scale of relationships is applied for the qualita-
tive assessment of alternatives by rather inert criteria [23, 24].

Matrix of estimates

B=(by), (3)
(ie=11) )

is formed in accordance with the degrees of preference of
criterion a; to a; element, b; is equal to: 1 if the criteria are
equally important; 3 at moderate preference of a; to az; 5 at
essential prevalence; 7 is significant prevalence; 9 is the case
of absolute dominance of a; over ay; degrees of significance of
2, 4, 6, 8 are interpreted as intermediate judgments. In this
case, it is natural that b;=1; requirement of the local consis-
tency is achieved by the “automatic condition”.

by )

-
l bik '

Full consistency can be ensured by the “automatic” cal-
culation of preference:

by =b;-by,. (6)

But, in this case, the estimate loses “purity” and an
opportunity to check the point of view on sincerity, con-
fidence is missed. The preference matrix reflects human
judgments, so it is difficult to expect full accuracy in the
presence of a rather broad spectrum of preferences shades.
But if degree of controversy is inadmissible — estimates’
consistency index b, exceeds the permissible level CR>0.1,
it is proposed to revise estimates, because the logic of an
expert opinion is violated.

The matrix of paired comparisons of all alternatives (3)
is reverse-symmetric with the elements of the main diagonal
equal to 1. Normalized vector of priorities (weights) and
consistency coefficient are determined using the method of
eigenvalue of the matrix of paired comparisons.



Fig. 1. Cognitive model of indicators for a development plan

The calculation scheme of method:
Solve the equation

det(B-X\-E)=0, )
where E is the identity matrix.

We will determine the maximum eigenvalue Ap.x as
follows:

My = IE%X A, ®)
where
Vi A |det(B-2,-E)=0. )

We calculate eigenvector g as the solution to the system:

(B-A,, E)-g=0,

max

Ji 10
Z,gi=1- a0

The found vector g will be the vector of relative weights.

To solve the given problem, it is necessary to solve the
I-degree equation (I — the number of alternatives) and a
system of I linear equations. To avoid lengthy arithmetic
operations, especially at large dimensionality, the methods
for finding the approximate values of eigenvalues and eigen-
vectors are used, that is, the matrix operations are reduced
to numerous iterative procedures [22].

The first scheme of determining the approximate value of g:

2wy
_ k=11

: 11

(12)

the elements of the weight vectors actually represent the
eigenvector that corresponds to a maximum eigenvalue Ayax
of comparison matrix (3).

The second scheme of determining the approximated
value g is most accurate with respect to the non-consistent
matrix of judgments (3):

(110

g ==t i= 13)
I bmk
m=1;1 \ k=1;]
Approximate value A,y is derived from equation
B gz}\‘max g’ (14)
xmax = z(zbzkgkj (15)
i=1;0 \_k=1;1

The index of consistency CR of matrix B is calculated
as the ratio of consistency coefficient CI of this matrix to
stochastic consistency coefficient RI:

CR=CI/RI, (16)
where
Cr = kmax—l’ A7)
-1
RI =w. (18)

If the value of the index does not exceed value 0.1 (10 %),
mismatch of matrix B is considered permissible.

For the studied hierarchy, we will assess alternatives
S1, S9, S5 and 4 in relation to C4. We will obtain priority
vector g=(0.54; 0.31; 0.09; 0.06); Apax=4.31; CR=0.10. In



this case, local consistency of opinions is not observed; nev-
ertheless, consistency index is within the norm, the review
of the expert estimate is not required. Thus, achievement of
indicator C4 — the number of ATS members with a scientif-
ic degree, — is most influenced, according to the expert, by
S1 — most cost-effective production of educational services
(Table 3).

Table 3
Assessment of alternatives for criterion Cy
Cy S Sy S5 M
M 1 3 5 7
S 1/2 1 6 4
Sy 1/5 1/6 2
S 1/7 1/4 1/2 1

Estimation of the same alternatives Sy, Sy, S3 and S;in
relation to Cys proves the opinion that strategy S, (differ-
entiation of educational services) will best be proved by
an opportunity to form entrepreneur skills via implemen-
tation of baccalaureate educational programs. Actually,
we have complete local consistency, priority vector g=
=(0.26; 0.58; 0.09; 0.07); Apax=4.13; CR=0.04. Consistency
index is within the norm, the review of the expert estimates
is not required (Table 4).

Table 4
Assessment of alternatives for criterion C4
C22 51 52 Sd Szi
S 1 1/3 5 3
Sy 3 1 6 7
S5 1/5 1/6 1 2
S 1/3 1/7 1/2 1

The estimate of the strategic directions of the univer-
sity development in relation to the main focus has local
consistency, priority vector g=(0.52; 0.07; 0.32; 0.04; 0.05);
Amax=5.07; CR=0.01. Thus, ensuring high-quality training
of competitive staff, as well as the development of research
and innovation, enhancement of their effectiveness, are top
priorities in the development strategy of a higher education
institution (Table 5).

Table 5
Assessment of alternatives for criterion Cy4

G P P, Py Py Ps

Py 1 9 3 9

Py 1/9 1 1/9 1

Py 1/3 9 1 9 3

Py 1/9 1 1/9 1 1/3

Ps 1/7 1/5 1/3 3 1

For strategic direction Py — ensuring high-quality train-
ing of competitive staff, the priorities of the 215 criterion of
level 2 are calculated (Apax=24.03, CR=0.102<0.10).

At a large number of the estimated parameters, it is diffi-
cult to apply a 9-point scale.

It is easy to facilitate the task for experts, for example, by
ensuring full consistency, having performed the comparison
of one alternative with the rest and having applied calcula-

tion formulas (4) and (5). For example, for the studied hier-
archy, assessment of alternatives S;—S; in relation to C4 after
comparison gives results: g=(0.60; 0.20; 0.12; 0.08); Apax=4;
CR=0 (Table 6).

Table 6
Assessment of alternatives for criterion C4
C4 51 SQ 53 54
M 1 3 5 7
S 1/3 1 5/3 7/3
S 1/5 3/5 1 7/5
S 17 3/7 5/7 1

Expert assessment of alternatives (criteria) may be car-
ried out using another method — pairwise comparison with
gradations in a three-point scale. In this case characterized
by a large number of estimated indicators (61) of the plan
that are compared pairwise when using a 9-point scale, this
process may take a considerable amount of time. Efficiency,
sufficient calculation simplicity, and clarity of requirements
for the original information are the advantages of a 3-point
scale of assessment of examination. To perform assessment,
each j-th expert, comparing criteria a; pairwise, forms the
preference matrix (3), where formal points correspond to
representations “<” — less important”, “>" — more import-

ant”, “=” — “equivalent”, “indistinguishable”

0, a,=a,

bi=10.a=a, (19)
2
1, a,>a,,

The matrix of non-normalized estimates

W=(w,-k)=(1/f' Zb,ﬂ;], (20)

J=tJ
w0, +w, =1. 21)

Zero approximation of weights is assigned for reasons of
“initial equivalence”:

g© = (gfo),...,gf"),...,gj")). (22)
Iterative calculation of coefficients of relative impor-

tance in the s-th iteration continues until it reaches the as-
signed accuracy, or the assigned number of iterations occurs:

Z Wy, 'gf(es)

(s+1) _ k=l

- =1

S Y) )

m=1;I k=1;1

Z w, - g

(23)

gi(.s-+1) — (24)

Assessment according to a three-point scale allows
conducting expert examination without worrying about
the violation of transitivity of judgments, using both single
and group opinions without preliminary preparation of an
expert group.



Evaluation of ten most significant indicators of the group
of strategic direction Py by the four experts using a three-
point scale is the following (Table 7).

Table 7
Normalized table G

P C4|CL|C2|C8|C3]|C5|CI1|C12] C6 | C9
C4 |05 1 1 1 1 1 1 1 1 1
C1 0 05 1]05]075[075| 1 1 1 1 1
C2 0 051]05]075]05|05]|05|05] 05|05
C8 0 |025(025| 05 (0.75| 05 ] 05| 05| 05|05
C3 0 |025(05(025{05]|05[05]051]05]|05
C5 0 0 05]05]05|05]075(075| 0.5 | 0.5
Cit| 0 0 05]05]05(025|05]05]|05]0.5
C12| 0 0 05]05]05(025|05105]075] 0.5
C6| 0 0 0505050505025 0.5 (075
C9 0 0 05]105]05(05]05]05]025]0.5

With an accuracy of 1/1,000, after the fifth iteration,
we will get the priority vector g*=(0.212; 0.148; 0.098; 0.84;
0.080; 0.085; 0.071; 0.075; 0.076; 0.071) (Table 8).

Indicator C4— the number of ATS members with a scien-
tific degree — has the highest priority among the indicative
indicators. The group of strategic direction Py has ten most
significant indicators (Table 9).

The dynamics of values of indicative indicators for
strategic direction Py — ensuring high-quality training of
competitive specialists for estimates according to the 9- and
3-point scales are shown in Fig. 2.

0,25
g
[]
0,20
0,15 n
0,10 . e
. ] : [ ] " . . .

0,05 * . * o
0,00 : ‘ ; : ‘ : CC

0 2 4 6 8 10 12 14

# 9-point assessment scale m 3-point assessment scale

Fig. 2. Dynamics of values of indicative indicators for
strategic value Py

The data obtained show the correlation of the applied
scales of expert estimates. Differences in assessing the im-
pact of criterion Cg on direction Py can be explained by the
difference in the views of experts on the process of upgrading
the qualification and incorrect name of indicator Cgitself.

Stage 3. Evaluation and selection of indicators. At this
stage, the indicators chosen at stages 1, 2 are assessed and
criteria of the formation of the development plan indicators
are developed.

Table 8
Iterative procedure
Iterations gl g2 g3 g4 g5 g6 g7 g8 29 g10 Total

0 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 0.100 1

1 0.190 0.150 0.095 0.085 0.080 0.090 0.075 0.080 0.080 0.190 1

2 0.209 0.149 0.098 0.084 0.080 0.085 0.071 0.076 0.076 0.209 1

3 0.212 0.148 0.099 0.084 0.080 0.085 0.071 0.075 0.076 0.212 1

4 0.212 0.148 0.098 0.084 0.080 0.085 0.071 0.075 0.076 0.212 1

5 0.212 0.148 0.098 0.084 0.080 0.085 0.071 0.075 0.076 0.071 1
Table 9

Group of the most significant indicators of direction P4

Code of Priority vector (g)
criterion Criterion 9-point assess- | 3-point assess-
©) ment scale ment scale
Share of graduates who studied by the state order and found a job according to speciality

! within 1 year after graduation 0.087 0.212

2 Number of foreign students, including those who studied on a fee-paying basis 0.074 0.148

3 Number of ATS with Master’s degree 0.068 0.098

4 Number of ATS members with scientific degree 0.098 0.084

5 Share of ATS who work at production enterprises 0.063 0.080

6 Share of ATS and staff who upgraded qualification 0.049 0.085

8 Number of ATS members of university 0.073 0.075

9 Students’ body 0.046 0.071

1 Admission to baccalaureate programs 0.055 0.076

12 Admission to Master degree programs 0.050 0.071




The evaluation results are considered through the con-
struction of the table, which shows the estimation methods
and a set of indicators that gained a maximum weight of each
of the selected methods (Table 10).

Table 10
Comparative set of indicators for the university development
plan
Technique/ o
method Set of indicators
Cs (C3, Cy4, C5, Cg, Cy5, Ca3, Csg, Css, Ca3, Ca4)
Cognitive | Cg (Cy, Cy, Cyg, Cig, Cag, Ca6, Ca9, Cs1, Cy, C50, Cs2)
map Ci0 (Ca7, C36, Cs9, Cy5)
Ca9 (Ca6, Ca7, C30)
Method of
10 % [ €4, €1, Cs, Cs, Cs, Ca, Cay, Cg, Cia, Cis, Co, Cig, C,
hierarchy Cor Cox Cor Cor Cot Con Core. Coe
analysis 17, Ca3, Cag, Coy, C31, Cys, Cos, Cy5

The problem of evaluation and selection of indicators
for the development plan depends on the qualitative anal-
ysis of indicators, which involves the selection of the most
informative indicators in terms of realization of strategic
goals and objectives. The selection criteria can be the ex-
istence of the greatest number of relations, for example,
indicators Cg, Cg, Cqg, Cog have the number of detectable
relations from 4 to 11. Another criterion can be “weight of
actions”. The analysis of the hierarchies of indicative indi-
cators revealed that 10 out of 61 indicators (Table 9) ensure
more than 60 % of “weighing actions” in achieving the stra-
tegic university development. All the ten indicators ensure
attainment of direction “Ensuring high-quality training of
competitive specialists”. Three indicators contribute only
about 4 % of “weight” to the system. It is important to use
these data to reduce dimensionality of the system of indi-
cators and/or to identify “bottlenecks” of the organization’s
activities (Fig. 2).

It is necessary to pay attention to the accuracy of formu-
lations and names of the assessed indicators. For example, it
is not necessary to measure indicators “Availability of QMS
certificate” or “Functioning of the Supervisory Board” in the
plan, because their existence is regulated by the standard
regulations of universities’ activity. Important attention
should be given to measurable indicators for successful
planning of university development. It will be advisable
in the formation of development to exclude all of criteria
under numbers C47—Cg (Table 1) as the least important,
according to experts. Revision of the criteria with identical
formulations of number Cs7, C44 will allow optimization and
facilitation of the plan implementation control.

Stage 4. Formation of the indicators of the university
development plan. To form the indicators of the develop-
ment plan, it is proposed to select a hybrid method of deci-
sion-making. To do this, we from a set, obtained at intersec-
tion of two subsets — indicators obtained by the method of
construction of a cognitive map and the method of hierarchy
analysis (Table 10). The optimal set has the following form:

Ci — Share of the university graduates who studied by
the state order and found a job according to speciality within
one year after graduation;

Cy— Number of foreign students, including those who
studied on a fee-paying basis;

C3— Number of ATS members with Master’s degree;

C4— Number of ATS members with a scientific degree;

Cs5— Share of ATS who work at production enterprises;

Cg— Share of ATS and staff members who upgraded
their qualification;

Cg— Number of university ATS staff members;

Cy— Students’ body;

Cyo— Body of Master degree students and doctoral stu-
dents;

Ci5— Number of ATS members teaching in English;

Cy5— Amount of educational and methodological litera-
ture created by the ATS and implemented in the educational
process.

The formed indicators give the most complete informa-
tion about the state of the system as they take into account
the mutual influence and the attainability of strategic direc-
tions of the university development.

This set can be expanded and supplemented by addition-
al expert estimation or by including all indicators, selected
during the first two stages. The quantitative composition of
indicators depends on correct distinction between the types
of plans (current or strategic).

Thus, the method of decision making to form the indi-
cators of the plan of the higher educational institution de-
velopment was proposed. The specific feature of the method
is that it is proposed to assess the set of indicators under
discussion by two methods and to form the indicators of the
development plan based on the selected data. In this regard,
the four-stage method of decision-making including the
construction of a cognitive map and the method of hierarchy
analysis was proposed.

6. Discussion of the decision-making method for
the formation of the indicators of the university
development plan

The problem of formation of indicators of the plan of
the higher educational institution development, taking
into account the interaction of indicators and strategic
directions of development, was solved. The results obtained
are explained by the leading role of a higher educational in-
stitution, focusing on educational activities. The directions
of the strategic development “Ensuring high-quality train-
ing of competitive specialists”, as well as “Development of
research and innovations, enhancing their performance”
are the highest priorities (Table 4) in the strategy of the
higher educational institution development. This is proved
by the number of relations between the indicators of these
directions (Fig. 1).

The known procedures of formation of indicators, de-
veloped for financial enterprises, do not allow taking into
account the social vector of development of a higher edu-
cational institution. That is why the undoubted advantage
of the hybrid decision making method is strengthening the
merits of the two methods — taking into account the interre-
lations of the indicators in a cognitive map and taking into
account the directions of the development plan in the meth-
od of hierarchy analysis. This approach makes it possible to
form a unique set of indicators that maximally correspond to
the specificity of an institution of higher education and its
development strategy.

It is necessary to note as a drawback the laboriousness
of research performance, the risk of violations of transitivity
of expert evaluations while increasing the dimensionality
of the assessment scale. This study requires development,
since the additional formation of the system of plan indica-



tors needs additional selection criteria that meet the stated
requirements.

It is logical to aim the subsequent study to studying the
interconnections and monitoring the given system of indi-
cators in dynamics, making it possible to provide a decision
maker with necessary information to generate certain rec-
ommendations of the management process.

7. Conclusions

1. The problem of formation of the indicators of the plan
of the higher educational institution development is its in-
ability to use the known method, based on financial analysis,
for this purpose. The stages of the plan development and the
methods and models of their support were considered. The

basic principles of formation of indicators of the development
plan, including comprehensiveness, completeness, simplicity,
comparability, non-ambiguity, were presented.

2. We proposed the four-stage method for making a de-
cision on the formation of indicative indicators of the plan,
based on selection of indicators, as the intersection of a set
of data, having a high estimate of experts in the method of
hierarchy analysis and having some relations in the cognitive
map. The generated set of indicators of the development plan
included 11 indicators, aimed at achieving the development
in the area “Ensuring high-quality training for competitive
specialists” and “Modernization of the content of the edu-
cational programs in the context of world tendencies” The
obtained indicators must be introduced explicitly at the
stage of policy development as the basis for consideration of
subsequent designing the university development plan.
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