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Abstract. Management decision-making methodology on the basis of simulation modeling is proposed in
the work. A competitiveness indicators model for higher education institutions is developed. Experiments
scenarios with the model for estimating and predicting competitive advantages are proposed. A number of

simple simulation experiments with different values of the input parameters were performed to solve the
p P put p p

direct simulation problem. Inverse problem solution variants by means of calibration experiments of the
model are presented. The results of experimental calculations of the competitive factors impact on the
university’s position in the educational services market are obtained. The possibility of making
management decisions on the basis of experimental data is also shown.
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Introduction

The educational services market is dynamically
developing in modern conditions. This is due to the rapid
pace of economic and social conditions of the educational
institutions changes, the emergence of new technologies in
education, the intensification of competition between
market participants. Higher education institutions have the
opportunity to create new types of activities and services
and to introduce innovations in order to obtain competitive
advantages. Programs to enter new markets, international
joint educational programs are an effective factor in
increasing the competitiveness of the university [13].

The task of making timely management decisions
that are aimed at improving the competitive position of
the organization acquires particular urgency for
increasing the competitiveness of the university in the
educational services market. Various mathematical
models and related methods operations research have a
high efficiency during the solution of practical
management problems [8].

Linear programming methods use deterministic
models. General linear models solved with the help of the
simplex-method, transport, network, with several
objective functionals, integer, as well as dynamic
programming and inventory management are among
them [5; 10; 12].

Many management tasks are solved using non-linear
models and nonlinear programming algorithms [3; 4].

Probabilistic models and methods of forecasting,
game theory and decision-making, simulation and queuing
theory are used to make decisions under uncertainty
conditions, modeled by random processes [9; 14].

Scientific publications analysis [17; 18] shows that
the effectiveness of management decisions depends on

many factors: the level of complexity and uncertainty of
the problem situation, the choice of the decision-making
method, the availability of a sufficient number of
alternatives.

The method of simulation is proposed to be used to
analyze the competitive position of a higher educational
institution, timely decision-making during the external
factors change, as well as forecasting the consequences
of the chosen solution.

Simulation models were designed and being used
for monitoring, analysis, performance evaluation of
complex systems and decision-making in conditions of
ambiguity of the environment, which makes it difficult to
calculate the costs and risks probabilities. A simulation
model experiments make it possible to analyze a variety
of alternative scenarios and choose a better strategy.

Increasing the effectiveness of decision-making
aimed at improving the competitive position of a higher
educational institution in the educational services market
is the goal of the study.

Analysis of recent research
and publications

Experiments with simulation models make it
possible to solve various problems arising at
management [11]. The results obtained in the
implementation of alternative scenarios can serve as the
basis for management decisions.

The problems solved by simulation can be divided
into two classes [15]:

Direct analysis problems, in the solution of which,
the system under study is given by the parameters of its
elements and the initial regime parameters, the structure
or equations and it is required to determine the system
reaction to the acting forces;
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Inverse analysis problems that require perturbation
which made the system under consideration to come to a
given state and given reaction according to the known
system reaction.

A direct problem of simulation modeling ("what-if"
problems) is solved with the help of a simple experiment.
The direct problem of modeling is formulated as follows:
the structure of the model is described by a system of
equations; all its parameters are considered known. It is
required to determine the reaction of the system under the
action of certain external forces and given initial
conditions.

Direct problems answer the question: what will
happen if we choose a particular solution from the set of
admissible under given conditions (what will be the
criterion of effectiveness, in particular) [16].

The process of direct problem solving can be
considered as a mathematical modeling of the cause-
effect relationship inherent in the phenomenon [7]. Then
of the
phenomenon, which are set and vary in the process of
study, and the output data (the criterion of effectiveness)
is a "consequence".

In fact, they do not build a single mathematical
model, but some parametric family of models for the
mathematical description to be applicable not to a single
phenomenon, but to a wide range of phenomena that are

the input data characterize the "causes"

close in nature. The choice of a particular model from this
family is accomplished by fixing the values of the model
parameters.

The solution of the so-called inverse problems
consists in determining the input data for a given output
data value (the parameters of the model, as in the direct
problem, are fixed). The solution of the inverse problem
gives an answer to the question of what "causes" led to
the well-known "consequence".

As a rule, inverse problems are more difficult to
solve than direct ones, because they have a number of
features. First, they are nonlinear, namely, an unknown
function or an unknown parameter enters into an operator
or functional equation in a nonlinear way. Second, the
solution of inverse problems is usually not unique. It is
often necessary to require redundancy of experimental
information to ensure uniqueness. Third, the inverse
problems relate to the type of incorrectly posed problems
for which the conditions for the solution existence, the
solution uniqueness, and its stability are violated. The
meaning of the first (the existence of a solution) is that
among the initial data there are no conflicting conditions
that exclude the possibility of solving the problem. The
second condition (uniqueness) means that the data is
sufficient to uniquely determine the solution of the
problem. The third condition (stability) means that small

changes in the initial data lead to small changes in the
solution.

Inverse modeling problems answer the question of
which solution maximizes the system efficiency index
from the domain of admissible solutions [6].To solve the
inverse problem, the direct problem is solved many
times. In the case when the number of possible solutions
is small, the solution of the inverse problem is reduced to
a simple search of all possible solutions. You can find the
optimal solution by comparing them among themselves.

If you can’t go through all the variants of solutions,
methods of directed enumeration using heuristics are
used. At the same time, the optimum or close to optimal
solution is after repeated execution of consecutive steps
(solutions of the direct problem and finding the model
vector of the resulting indicators for each set of input
parameters). Correctly selected heuristics brings the
experiment closer to an optimal solution at each step.

The model calibration consists of a set of model’s
consecutive runs with different parameter values. The
parameters values at which the simulation results most
accurately correspond to the given data can be found by
means of experiments.

Due to the complexity and nonlinearity of the
dependencies between the indicators, the use of any
optimization models is not possible. In practice, it is
usually limited to analyzing a small number of basic
scenarios. Automation of this process is possible by
conducting experiments based on simulation.

Results

1. Consider an imitation model of the mutual
influence of the competitiveness factors of the university
(Fig.1) [1] for the development of which the AnyLogic
system was used [2].

CE,=CE_; RU,=RU_; QL,=0L_;
NS, =NS_;SM,, =SM _;;RLS,,, =RLS _
CP, =¢,(CF.CE,.CE,,.0,.0..,.RU,,RU )
PS,, =9,(CP,,.MCP), M
Qi =95(Q,, QL 0L\, RL,, RL,,;, NS;, NS,.,)

RL, =¢,(RL,SM,,SM,,,RLS,,RLS.,,)

i

i+l

The state of the simulated system at a time tO is
determined by the initial values of the parameters set:

_ MCR,CR, PS,,Q,, RL,,CE,, RU,, 0Ly, NS,, SM,,
RLS,,CE_,,RU_,,OL_,,NS_,,SM_,,RLS_,

The parameter values are given in Table 1 for
experiments with a model. The market share data and the
number of potential students of the Petro Mohyla Black
Sea National University (PMBSNU) in Zhejiang (China)
data are presented in the table.
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Figure 1 — The model of the influence of factors of competitiveness on the market share of the university
The model is described by a system of equations (1)
Table 1 — Parameter values
Model . Parameter value
odel parameter . . .
p Zhejiang, China | Zhoushan, China
Capacity_of_the_market_segment (per.) — MCP 1 000 2 500
Cost_of_education (RMB/year) — CE 2 500 3200
I University_rating (points) — RU 0,6 0,5
nput P :
p Qualifications_of_teachers (points) — QL 5 4
parameters
Number_of_the_group (per.) — NS 15 15
Students_academic_performance (points) — SM 0,2 0,2
Evaluation_of_teachers (points) — RLS 0,2 0,2
Dependent | Rating_of_teachers (points) — RL 0,3 0,25
parameters | Quality (points) — Q 0,5 0,45
Output Market_share (%) — CP 0,1 0,01
parameters Number_of_potential_students (per.) — PS 100 25

The model parameters can be divided into the
following groups:

input parameters
"Capacity_of_the_market_segment",
"Cost_of_education", "University_rating",
"Qualifications_of_teachers", "Number_of_the_group",
"Students_academic_performance",
"Evaluation_of _teachers";

dependent parameters
"Quality";

output parameters
"Number_of_potential_students".

The input variables values CE, RU, QL, NS, SM,
RL Scan be changed by specifying the values of the
corresponding target parameters CE_, RU_, QL_, NS_,
SM_, RLS_ using the sliders during the experiments of
scenario analysis with the simulation model.

It is possible to obtain the dependent and output

"Rating_of_teachers",

"Market_share",

variables values of the model in simple experiments with
the model of mutual university competitiveness factors
(simulation) at different variants of the input data
changes during the solution of the direct modeling
problem.

For example, it is possible to estimate the
educational services market share of the Petro Mohyla
Black Sea National University in Zhejiang (China) with
increasing cost of education per student from 2500 RMB
/ year up to 2800 RMB / year. The experiments results,
which are illustrated by Fig. 2, a, b, show the variants of
decisions in which the training cost change will not only
be compensated, but also the market share and, as a
consequence, the number of potential students, will
increase.

The decision-maker has the strategy choice
depending on internal and external factors during the
analysis of alternative scenarios (Table 2).
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Figure 2 — Results of the CompareRuns experiment
Table 2 — Model parameters for alternative scenarios
Parameter value
Model t
odel parametet RunO | Runl | Run2 | Run3 | Run4 | Runs
Evaluation_of _teachers_ 0.2 0.2 0.2 0.2 0.2 0.2
University_rating_ 0.6 0.6 0.6 0.6 0.6 0.8
Qualifications_of_teachers_ 5.0 5.0 5.5 6.0 5.0 5.0
Cost_of_education_ 2500.0 2800.0 2800.0 2800.0 2800.0 2800.0
Students_academic_performance_ 0.2 0.2 0.2 0.2 0.2 0.2
Number_of_the_group_ 15.0 15.0 15.0 15.0 12.0 15.0
Capacity_of_the_market_segment_ 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0
Market_share 0.1 0.093 0.093 0.107 0.121 0.099

The table shows six runs of the model with different
data:

Run 0 —the initial values of the vector elements of
input parameters are not changed;

Run 1 - the cost of education has increased
("Cost_of_education_" parameter value has increased),
and consequently, the "Market_share" parameter value
and the number of potential students in Zhejiang
decreases;

Run 2, 3, 4, 5 — alternative compensation scenarios
for increasing "Cost_of_education_" parameter value.
Suppose that the PMBSNU will train 120 students from
Zhejiang. We will perform the model calibration for the
inverse problem solution for the decision making on the
cost of training: find the"Cost_of_education_",
"Qualifications_of_teachers_" parameters values for a
pre-defined the "Number_of_potential_students_" output
parameter value (Fig. 3).

The "Cost_of_education_" parameter values ranged
[2300 — 2800], "Qualifications_of_teachers_" ranged

[4 — 7]during the experiment. The values of the other
parameters are shown in Table 1.
The number of model runs = 500. The following
values were obtained as a result of the experiment:
"Cost_of_education_" = 2,328.308;
"Qualifications_of_teachers_" = 6.

Conclusions

1. Scenario studies were conducted on a
simulation model of the mutual influence of university
competitiveness factors on the example of the
educational services market share assessment of the Petro
Mohyla Black Sea National University in Zhejiang
(China).

2. It is shown that the results of a large number of
"what-if" experiments make it possible to conduct a
comprehensive analysis of a large number of alternatives
and to select the management decisions variants which
correspond to specified criteria.
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3. Results shows the Calibration experiments for Varying the values of the "Market_ share",
Zhejiang (China). The target values of the output "Number_of_potential_students" parameters, the
parameters were set and the corresponding values of the  decision maker has the opportunity to choose the optimal
input parameters were obtained in each experiment. strategy to increase the competitiveness of the university.

Calibration Experiment
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Figure 3 — Results of the Calibration experiment for Zhejiang
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Acmipant kadenpu iHpopMaLiiHIX CUCTEM 1 TeXHOIOTIH, orcid.org/0000-0002-7101-5870
Kuiscoruil nayionanonuu ynieepcumem imeni Tapaca lleguenka, Kuis

CHUMYJISIIIITHE MOJEJTIOBAHHSI KOHKYPEHTOCIIPOMOJKHOCTI
3AKJIATY BHIOI OCBITH YKPATHH HA WKEIBSHCHLKOMY PUHKY OCBITH

Anomauia. 3anpononogano Mmemoouxy NpuliHAMMs YAPAGIHCLKUX pileHb HA OCHOBI IMIMAYitiHO20 MOOEeNI08ANHSL.
Po3pobneno modenv nokasHukié KOHKYPEHMOCNPOMOdCHOCMI Onia 3axkiadie euwjoi ocgimu. 3anpononosano cyenapii
eKcnepumenmie 3 MoOenno O OYIHIOBAHHA | NPOSHO3Y6AHMA KOHKYPeHmMHUX nepeeae. s supiuienHs 3a80aHHA NPAMO20
MOOeN08aHHs NPOEeOeHo PO NPOCMUX IMIMAYIUHUX eKCNePUMEHMIE 3 PISHUMU 3HAYEHHAMU 8XiOHUX napamempis. [Ipeocmasneno
sapianmu po3e'azanns obepnenoi 3a0aui 3a 0ONOMO20I0 KanibpyeanbHux excnepumenmie mooeni. Ompumano pesyromamu
EKCHepUMEeHMANbHUX PO3PAXYHKIE 6NAUEY KOHKYDEHMHUX (PAKMOPIE Ha NO3UYilo YHIGepcumenty Ha pUHKy oceimuix nocaye. Taxkoxc
NOKA3AHA MOJICIUBICIb NPULIHAMMA YNPAGAIHCOKUX pilleHb HA OCHOGI eKcnepumenmanvHux oauux. Yepes cknaomicme i
HeNiHItIHICMYb 3anexicHocmel] Mide NOKA3HUKAMU 8UKOPUCTIANHA 0Y0b-aKUX Onmumizayitinux mooenei Hemoxcause. Ha npaxmuyi
ye, K NPABUNO, OOMEJICYEMbCS AHANI30M HeGeNuUKOi Kinbkocmi 6a306ux cyenapiis. Aemomamusayis ybo2o npoyecy ModlcIUea
WLAXOM NPOBEOEHHSI eKCNEePUMEHMI8 HA OCHOB8I MOOento8aHHs. J{oCaiOdiceHHs: CYeHapito nposedeno Ha IMimayiunii mooeni
63AEMHO0 6NAUBY (PAKMOPIE KOHKYPEHMOCNPOMONCHOCHI YHIGepCUmeny Ha Npukiadi OYiHKU YACMuHU PUHKY OCEIMHIX NOCTye
Yopromopcvkoeo Hayionanvnozo yuigepcumemy im. Ilempa Moeunu. 3aceioueno, wo pesyromamu 6enuxoi KintbKOCHi
eKcnepumMenmia «ujo-aKujo» 0arms MOICIUGICMb NPOGOOUMU KOMNIEKCHUL AHANI3 6eUKOT KITbKOCI albmepHamue i gubupamu
6apianmu  YNpaeniHCoKuX piuleHsb, 5AKI i0noeioaromsv GusHaueHum Kpumepiam. Pezynbmamu nokazyroms excnepumenmu
Kaniopysanns ona Yowceyszan (Kumaii). Bcmanosneno yinb06i sHauenHs UXiOHUX Napamempis i Ompumano 8ionosioni 3Ha4eHHs
6XIOHUX ~ napamempié y  KOJMCHOMY  eKchepumenmi.  3MiHIOIOYU  3HAYEHHA  NaApamempis "Market_share",
"Number_of _potential_students", ocoba, sika nputimae pivienns, Mae MOACIUBICIb UOPAMU ONMUMATLHY CIPAMEZIIO.

Knrouogi cnosa: KOHKypenmocnpomoxicnicmeo,; ynigepcumem; imimayisn; mooens; ynpasnincbke pilieHHA
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