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Abstract. The article presents the results of research for the mathematical
model for estimating the probability of risk of incompetent specialist
graduation.

The mechanisms and tools to determine the probability of risk of
incompetent specialist graduation have been developed in the course of the
research. The goal tree method has been used as a mechanism to determine
the relationship between the structural components of the educational
process and the educational program. Using this method, the structuring
of 9 criteria by which the educational program quality is evaluated has
been carried out. That is, its strengths and weaknesses have been identified.
In turn, as a tool for estimating the probability of an educational process
(educational program) risks and the graduation of an incompetent specialist,
it has been proposed to use a regression mathematical model.

To build a mathematical model, an active experiment, a qualimetric
approach, a method of regression analysis, and 16 conditional educational
programs that met the "Standards and Guidelines for Quality Assurance
in the European Higher Education Area" (ESG) have been used. The
construction of the model has been carried out according to a specially
designed scheme, which included 5 stages.

In the first stage, a group of experts was formed and their consistency
was determined with the help of the "HEI Experts" software.

In the second stage, six groups of indicators were identified, which
further estimated the educational process (educational program) quality.
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For this purpose, the experts used the method of pairwise comparison to
select 9 unit indicators, which further estimated the levels of compliance
of 16 conditional educational programs. The estimation was conducted
according to standardized quality indicators that are inherent in the real
educational process (educational program).

In the third stage, a robust plan of the experiment was constructed
using the method of pseudo-random LP-t numbers uniformly distributed
in multidimensional space. According to the plan, a working matrix of
the experiment was formed. Then, the group of experts formed in the first
stage carried out the percentage estimation of the probability of risk of
incompetent specialist graduation.

In the fourth stage, a mathematical model was built using the PRIAM
(planning, regression, and model analysis) software. This model allows
us to assess nine factors that affect the probability of risk of incompetent
specialist graduation.

In the fifth stage, the statistical characteristics of the model were tested.
According to the test results, it was proved that the model is informative,
adequate, and stable, both in terms of structure and calculations. At the same
stage, the marginal surfaces were constructed and the forces of influence of
regressors (indicators) on the probability of risk of competent/incompetent
specialist graduation were determined.

According to the results of research, it has been proved that such
indicators as compliance of the applicants (bachelors) level with the
second Master's level and the level of considering labor market employers
(stakeholders) requirements have the strongest impact on the competence
of the future specialists.

The proposed model allows us to estimate the factors influencing the
efficiency (effectiveness) of the educational process and to determine the
probability of the risk of competent/incompetent specialist graduation.

1. Introduction
According to the current legislation of Ukraine and "Standards and
Recommendations for Quality Assurance in the European Higher Education
Area" (ESG) [1], the main regulatory document of the educational
process is the educational program (OP). It regulates the requirements for
educational components aimed at achieving program learning outcomes
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and obtaining appropriate qualifications. However, during the acquisition of
competencies, there is a possibility of risks associated with the organization
and the educational process. This generally leads to a decrease in the level
of quality of the future specialist.

The analysis of literature [2—5] shows that the risks are inherent in any
field of activity. They are usually due to the influence of internal and external
environments on the activities in which the enterprise (institution) operates.
The peculiarity of the educational process risks is that they are directly the
bearers of potential risks for any sector of the economy or production. This
is because any activity of the enterprise (institution) is associated with the
use of knowledge and competencies of specialists (graduates of educational
institutions).

According to the methodological recommendations [6], the educational
program is based on a competency approach. In turn, the competence of
specialists depends on the quality of the educational program. Therefore, the
application of methodological recommendations [6] guarantees the quality
of the structural components of the program and allows us to determine the
effectiveness of training and the level of competence of the future specialist.

It is known that for the second master's level the main general
competencies that form a competitive specialist and his professional skills
according to [6] are program competencies. The last ones are divided into
integral competence and general and professional competencies.

Integral competence forms the ability to solve complex problems and
problems in the relevant field of professional activity, to conduct research
using innovations in uncertain conditions and research requirements.

Common competencies are knowledge, understanding, skills, and
abilities that are universal. They are obtained within a specific educational
program and provide additional (often crucial) employment prospects. They
are divided into instrumental, interpersonal, systemic [6].

Among the general competencies the following ones should be
distinguished: ability to apply knowledge in practice; ability to search,
process, analyze and manage information; ability to adapt to new situations;
concern for quality; readiness for independent work; ability to work in a
team; ability to solve organizational issues and plan the work; ability to
speak the state language in oral and written forms; interpersonal skills.

Professional competencies are the key to obtain any level of higher
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education. They depend on the professional field and need constant review
following the requirements of the national economy and stakeholders.

Therefore, to improve the educational program and determine its priority
goals and competencies of future specialists, it is expedient for higher
education institutions (HEIs) to monitor, periodically review and update
their programs. This enables to organize the educational process at the
appropriate level and helps to create an effective educational environment
for students.

Evaluation of educational programs is performed in the following
sequence [1]: checking the EP for compliance with modern requirements
and the latest research in the relevant field of knowledge; taking into
account the modern needs of society; effectiveness of EP; effectiveness of
student assessment procedures; compliance of the educational environment
and educational services with the program goals.

In works [7-9], it is shown that the activities of free economic education,
educational process, educational program, and the level of competencies
acquiring by future professionals are affected by risks. Therefore, to prevent
them, it is necessary to develop timely organizational and technical measures
to reduce them. In international practice, this uses integrated management
systems based on the risk management principles and the requirements of
ISO 9001 and ISO 31000. This approach minimizes the risks of educational
activities and increases the competitiveness of higher education institutions
in general.

The authors' analysis of the literature [10—13] has shown that in most
of them the risks are assessed only by qualitative characteristics. However,
this does not allow us to obtain reliable information and evaluate their
consequences. One of the ways to solve this problem is to use methods of
regression analysis and build multifactor models based on them.

Many scientists have dealt with the application and improvement of
regression analysis methods. For example, Herl [14] proposed to use the
ridge regression method as such a mechanism. This approach reduces the
standard errors during calculations. At the same time, the issues of structural
stability of the models remain unresolved. The results of the research
presented in [15] allow us to partially solve these questions. To do this, the
author proposes to use algorithms for generating experiment plans RASTAI,
RASTA2, RASTAS, and use them to solve various types of problems.
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In [16], the conditions allowing to formalize experimental researches at
the construction of multifactor models have been presented. In particular,
the requirements for stable (robust) experimental plans, sustainable patterns,
multifactor statistical models, and the stability of the model coefficients
have been formed. These approaches can be used in any field, including
the construction of multifactor models of educational processes in higher
education.

In [17], the authors propose a methodology for the application of
multifactor regression analysis to study and construct high-precision
statistical models. The use of these models allows establishing causal,
structural, and quantitative relationships between a group of controlled
factors and the simulated criteria of the studied processes. That is, to
increase the efficiency of selecting the evaluated processes parameters. In
general, this approach can be used to evaluate the educational process and
educational programs.

In [18], on the example of machine-building enterprises, it has been
proved that multifactor models allow to estimate and forecast both volumes
of production, and to define the factors influencing the probability of risks
and efficiency of the enterprise activity as a whole.

In [19], the author proposes to use multifactor models to study the
technological processes of metal processing. The use of model data allows
us to explore some characteristics of the parameters of technological
processes. However, it does not evaluate the effectiveness of the process
as a whole.

In [20], the principles and approaches on the construction of multifactor
regression models for optimization of technological processes and
improvement of technical, measuring, materials science systems have been
given. In particular, for these purposes, the author proposes to use PRIAM
software. This allows you to first build matrices, and then develop regression
models based on them. Then with the help of these models to optimize the
parameters of technological processes and determine the most important of
them. It should be noted that these results can be applied in any production
area. However, to apply them in education, they need to be refined in terms
of specific educational activities features of higher education institutions.

In [21], it is proposed to use multifactor models for quantitative risk
assessment. The advantages of these models are that they allow you to
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assess the potential for risks and determine their impact on the activities of
the enterprise (institution). However, for higher education institutions to use
the models presented in the work, there is a need for special research related
to determining the risk factors of the educational process (educational
program), which affect the formation of a future specialist competence.

The authors of [22; 23] propose to use mathematical modeling in the
form of a cyclic process, in which it is necessary to perform all cycles in
stages. That is, to clarify the problem according to the previously obtained
results and thus adjust the mathematical model. This approach is quite
promising, so it is advisable to use it to model any technological and
production processes, including educational.

In [24], the principles and approaches of construction of multifactor
regression model of personnel subsystem management are given. The author
proposes to take into account such factors as: the prestige of the employer;
career opportunity for the employee; the level of partnership between
the company's management and staff; material and social incentives for
highly productive work; information architecture of the enterprise; general
assessment of the internal image of the enterprise. These principles, in our
opinion, can be used to assess educational processes, in particular their
components related to research and teaching staff. However, when building
regression models, it is advisable to use an information approach that allows
you to more objectively and accurately determine the factors that underlie
the model.

Therefore, the research related to assessing the risks of the educational
process (educational program) by building a multifactor model and
determining their impact probability on the future professional graduating
are relevant and timely.

The object of the study is the process of building a multifactor model
to evaluate the probability of risk of an incompetent specialist graduation.

The subject of the study is the regularities of the choice and substantiation
of the factors that determine the risks of the educational process (educational
program) and influence the graduation of the future specialist.

The methodological basis of the research is a systematic approach to
the study of research objects. Experimental studies were based on the expert
and regression analysis methods. MS Excel, VBA for application, PRIAM
software products have been used for calculation.
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The study aims to build a multifactor regression model to estimate
the probability of the educational process (educational program) risks and
determine their impact on future professionals' graduation.

Main task. To achieve this goal following tasks have been solved:

— the correlation between the structural components of the educational
process (educational program) and factors that are risks bearers;

— the experiment plan has been selected and the matrix of the experiment
has been constructed;

— the requirements have been developed and a conditional educational
program has been formed, based on which the probability of the risk of a
competent/incompetent specialist graduation has been studied;

— with the help of PRIAM software a multifactor regression model has
been built.

2. The results of experimental studies

The Kyiv National University of Technology and Design has been
conducting some studies in recent years related to the assessment of
the risks of educational activities (educational program). The results
of the research allowed us to classify and structure risks by external
and internal factors [25], to determine the weight and probability of
risks, to develop recommendations for choosing the methods for their
assessment, and to propose organizational and technical measures to
minimize them [26].

Given the fact that the educational process is based on a particular
educational program, there is a need to estimate their mutual impact and
the potential for risks. However, for this, first of all, it is necessary to
know the mechanism of structural components of the educational process
interrelation with the requirements according to which the educational
program is evaluated [27]. Second, have the tools to estimate them, such as
multifactor mathematical models.

In the research, the goal tree method has been used as a mechanism
to determine the correlation between the structural components of the
educational process and the educational program. Using this method,
the structuring of the nine criteria has been performed. According to the
criteria, the quality of the educational program is estimated [27]. That is, its
"strengths" and "weaknesses" have been determined.
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For example, the first "Design and objectives of the EP" criterion has
been structured on two levels (Figure 1).

1.1.1 the EP goal corresponds to the mission and
strategy of HEI
1.1 goal compliance |

1.2.1 taking into account the needs of the parties
concerned in the program learning outcomes
1.2 goal orientation |

1.3.1 compliance of the EP goal and program

1. Design and learning outcomes with the trends of the specialty
goals of EP and labor market requirements

1.3.2 taking into account the experience of

1.3 determining the - .
similar domestic EP

goal of EP and
program learning 1.3.3 taking into account the experience of
outcomes similar foreign EP

1.3.4 availability of a specialty standard

1.3.5 compliance of EP with specialty standards
(if available)

Figure 1. Structuring the "Design and goals of EP" criterion

As can be seen from the figure, the first level has three sub-criteria:

— compliance with the goal;

— goal orientation and definition of the EP goal and program learning
outcomes.

The second level has seven unit indicators:

— the EP goal corresponds to the mission and strategy of HEI;

— taking into account the needs of stakeholders in the program learning
outcomes;

— compliance of the EP goal and program learning outcomes with the
trends of the specialty and labor market requirements;

— taking into account the experience of similar domestic EP;

— taking into account the experience of similar foreign EP;

— availability of the specialty standard and compliance of the EP with
the specialty standards (if any).

The other eight criteria were similarly structured and the following results
have been obtained: where the second criterion has 9 sub-criteria and 14 —
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single indicators; the third criterion — 3 sub-criteria, 6 — single indicators;
fourth criterion — 5 sub-criteria, 15 single indicators; fifth criterion — 3 sub-
criteria, 5 single indicators; sixth criterion — 5 sub-criteria, 9 single indicators;
seventh criterion — 6 sub-criteria, 14 single indicators; eighth criterion — 2 sub-
criteria, 2 single indicators; ninth criterion — 2 sub-criteria, 2 single indicators.

Thus, according to the research results, it is proved that it is expedient
to evaluate the quality of the educational program according to 9 criteria,
39 sub-criteria, and 74 single indicators. This allows us to determine the
influence of factors on the efficiency and effectiveness of the educational
process and to identify the "weaknesses" and "strengths" of the educational
program, which are potential risks bearers.

To determine the potential for risks of the educational process, which directly
affect the formation of future professionals' competence, a typical scheme
used in the source [9] has been applied. It is designed in accordance with the
requirements of ISO 9001 and 3100, which are adapted to determine the risks
of any process, including education. The algorithm for risk assessment based on
the requirements of DSTU ISO 31010: 2013 is given in the source [28].

It should be noted that this scheme takes into account the sources of
input, the educational process itself, and its results, taking into account the
requirements of employers (stakeholders). For further research, the scheme
was adapted for the second master's level of higher education (Figure 2).

According to this scheme, the educational process consists of five
components, such as: designing training according to the educational
program; material and technical resources; academic staff; scientific activity
and educational work.

Each of the components affects the efficiency (effectiveness) of
the educational process and requires monitoring. In the future, based
on the results of monitoring, it is advisable to develop and implement
organizational and technical measures aimed at improving and updating
both the educational process and the educational program as a whole. This,
in turn, will increase the competence and demand of future professionals in
the labor market and the competitiveness of higher education.

The above results were used later in experimental studies to build a
mathematical model.

It has been proposed to use a regression mathematical model as a tool to
estimate the probability of risks of the educational process (educational program).
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ENTRANCE OUTCOME

. HEI EDUCATIONAL PROCESS
Applicants i iali
the second (Master's) HE level, Graduating specialists

full-time, extra mural and distance L 'olf the;é)pr opr Rl“e .
’
education forms higher education level

.

]

Components of the
educational process

resources
Educational work
Learning outcomes

Academic staff
Scientific activities

-

Designing training according
Material and technical

to the educational program

Monitoring }——|7

Figure 2. The educational process scheme
of the second master's HE level

To build a mathematical model, an active experiment, a qualimetric
approach, and a method of regression analysis have been used.
The model has been built according to a specially designed scheme
(Figure 3).

As seen from the figure, it consisted of five stages. Each of the stages
is responsible for the individual components of the model and allows us to
determine its statistical characteristics as a whole and to draw a conclusion
about the possibility of its practical use.

In the first stage, with the help of the "HEI Experts" [29] software, a
group of experts of 7 people was formed. Their competence was determined.
According to a specially developed survey, the experts were checked for
mutual agreement and instructed on conducting the assessment.

In the second stage, for each component of the educational process (see
figure 2) the groups of their evaluation indicators were identified. In our
case, to estimate the educational process of the second master's level, there
were six groups. They are:

— compliance of applicants (bachelors) with the requirements of the
educational program;
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Model building stages (active experiment)

v 1

Formation of an
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L
4% Setting objectives ‘
Problem
Formalization
4.‘ Formation of the problem in mathematical form ‘
v 3
| Active experiment |
Experiment ¥ v
planning Experiment Conducting an
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4
4" Choice of regression equation structure ‘
Model building >
—>| Regression cocfficients assessment |
N ‘ Analysis of statistical characteristics of a model |
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Model quality N
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270

| Structure activity relationship |
v

Graphic illustration of
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Figure 3. The scheme of a mathematical model construction

for estimating the probability of risk

of incompetent specialist graduation (conditional EP)
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— compliance with the educational process performed according to the
requirements of the educational program;

— compliance of material and technical resources of the educational
process with the educational program components;

— compliance of the academic staff with the licensing requirements;

— compliance of scientific activity with the professional direction;

— compliance of graduates with competencies acquired following the
educational program.

Then, using the method of pairwise comparison, according to a specially
designed questionnaire, the experts selected individual indicators, which
further assessed the probability of risk. These indicators included: the
adequacy of applicants (Bachelors) to the second Master's level of HE;
compliance with the awareness of the educational program; compliance of
the EP with the mission and strategy of HEI; compliance of the educational
process with the organizational and methodological requirements of the
EP; compliance with the planned terms of updating and implementation
of laboratory equipment using information technology; compliance of
the academic staff with the licensing requirements; correspondence of
the scientific research level of the academic staff in the EP professional
orientation; the level of students' involvement in scientific activities; the
level of consideration of the labor market, employers (stakeholders)
requirements in the EP.

These indicators characterize the components of the educational
process (educational program) and meet the requirements of international
"Standards and Recommendations for Quality Assurance in the European
Higher Education Area" (ESG) [1].

To transform the qualitative characteristics of these indicators into
quantitative ones, it was proposed to use a ranking scale. This allowed us to
determine the levels of compliance and their quantification (Table 1).

In the third stage, the number of experimental variants was first
calculated. In our case, this is the number of conditional EP. The calculation
was performed according to formula (1) given in the source [30]:

Ncalc=(1,5...2)(l+zk:(S,.—1)), (1)

where k£ — number of independent variables (factors);
S, — the number of levels of variation for each independent variable.
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Assessment of conditional EPs compliance levels

Table 1

Single indicators

Compliance levels

Ne of the educational process Regressors according to the scale
quality of conditional EP g
the adequacy of applicants low !

1 | (Bachelors) to the second Master's X, middle 2

level of HE hi
igh
low 1

2 compliance with awareness X

of the educational program 2 middle
high 3

3 compliance of the EP X low 1
with HEI mission and strategy 3 high 3
educational process compliance low 1
with the organizational -

4 and methodological requirements X middle 2
of the EP high 3
compliance with the planned low 1

5 terms of laboratory equipment X middle >
update and implementation using 5
information technology high 3

low 1
compliance of the academic staff .
6 with the licensing requirements Xs satisfactory 2
sufficient 3
correspondence of the scientific low 1
research level of the academic -

7 staff in the EP professional % middle 2

orientation high 3
low 1

] the level of students' involvement X middle 2

in scientific activities 8

high 3
the level of consideration low 1
of the labor market, employers -

? (stakeholders) requirements X satisfactory 2
in the EP sufficient 3




Chapter «Engineering sciences»

In this case, the distribution of the relative strength of the effects
responsible for the process occurs exponentially.
Next, the method of pseudo-random LP-t numbers uniformly distributed
in multidimensional space was used to construct the matrix of the
experimental plan. The robust plan of the experiment is given in (Table 2).

Table 2
The robust plan of the experiment
J:‘;_)(;f X, X, X, X, X, X, X, X, X,
1 0,5 0,5 0,5 0,5 0,5 0,5 0,5 0,5 0,5
2 0,25 0,75 0,25 0,75 0,25 0,75 0,25 0,75 0,75
3 0,75 0,25 0,75 0,25 0,75 0,25 0,75 0,25 0,25
4 0,125 | 0,625 | 0,875 | 0,875 | 0,625 | 0,125 | 0,375 | 0,375 | 0,875
5 0,625 | 0,125 | 0,375 | 0,375 | 0,125 | 0,625 | 0,875 | 0,875 | 0,375
6 0,375 | 0,375 | 0,625 | 0,125 | 0,875 | 0,875 | 0,125 | 0,625 | 0,125
7 0,875 | 0,875 | 0,125 | 0,625 | 0,375 | 0,375 | 0,625 | 0,125 | 0,625
8 10,0625(0,93750,6875]0,3125(0,1875 | 0,0625 | 0,4375 | 0,5625 | 0,8125
9 0,5625(0,4375 (10,1875 (10,8125 10,6875 10,5625 10,9375 10,0625 | 0,3125
10 10,3125(0,1875|0,9375(0,5625|0,4375]0,8125]0,1875 10,3125 | 0,0625
11 10,812510,687510,437510,0625 | 0,9375(0,3125 [ 0,6875 | 0,8125 ] 0,5625
12 10,1875(0,31250,3125 [ 0,6875 | 0,5625 10,1875 ] 0,0625 | 0,9375 | 0,1875
13 10,687510,812510,8125]0,1875 | 0,0625 | 0,6875 | 0,5625 | 0,4375 ] 0,6875
14 10,4375 10,5625 | 0,0625 [ 0,4375]0,8125 10,9375 0,3125] 0,1875 | 0,9375
15 10,9375 10,0625 | 0,5625(0,9375 10,3125 10,4375 0,8125 | 0,6875 | 0,4375
16 10,03125]0,53125 ] 0,40625 | 0,21875 | 0,46875 | 0,28125 | 0,96875 | 0,28125 | 0,09375
This plan is based on the evaluation of each of the 16 conditional

educational programs of the second Master's level of higher education,
according to nine single indicators (see Table 1). This allowed us to reliably
determine the effectiveness (efficiency) of the EP, i.e. to determine the
potential for the risk of incompetent specialist graduation.

To construct a working matrix, first, the data of the robust plan of the
experiment (Table 2) were transformed into natural by formula (2) given in
the source [30]:
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X, =X, +&, (Ximax _Ximin)7 )

where X, — estimated natural value of i-factor for u-experiment
(conditional EP);

X,,, —minimum value of i-factor;
X, —maximum value of i-factor;

€. —coded (in the range from 0 to 1) value of i-factor for u-experiment
(conditional EP).

PRIAM (planning, regression and model analysis) software was used to
construct the working matrix of the experiment [31]. The obtained results
are summarized in (Table 3).

Table 3
Design matrix
g
F 4 é X, X, X, X, X, X, X, X, X,
g
1 | middle [ middle | low [ middle | middle | middle | middle | middle | satisfactory
2 low high | low [ high low high low high | sufficient
3 high low |high| low high low high low low
4 low |[middle|high| high [middle| low [middle|middle| sufficient
5 |middle| low |low |middle| low |middle| high | high | satisfactory
6 |middle [ middle | high | low high | high low |middle low
7 high | high | low | middle | middle | middle | middle | low | satisfactory
8 low high |[high| low low low |[middle | middle | sufficient
9 | middle | middle | low | high | high [middle| high low low
10 | low low | high [ middle | middle [ high low low low
11 | high | high |low | low | high low high | high | satisfactory
12 | low low |[low | high |middle| low low high low

13 | high | high [high| low low | high |middle|middle| sufficient

14 | middle | middle [ low | middle [ high | high low low sufficient

15 | high low |high| high low |middle| high | high | satisfactory

16 low |middle| low | low |middle| low high low low
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This matrix consists of different evaluation characteristics of 16
conditional EPs by nine quality indicators (regressors), which have different
effects on the probability of risk of incompetent specialist graduation.

Then, according to a specially developed survey the potential for risk of
incompetent specialist graduation for each conditional educational program
was estimated in percentage by an expert group (formed at the first stage).
According to the results of expert evaluation, the probabilistic percentage of
risk of incompetent specialist graduation was determined (Table 4).

Table 4
The results of expert evaluation
¢ onJ;l;t(’:(fn al Expert evaluations, %
EP Y, %
evaluation
experiment " E i F Es F £,
1 32 40 37 36 34 38 35 36
2 30 25 25 23 28 25 26 26
3 34 38 40 38 39 36 35 37
4 23 25 30 24 30 27 28 27
5 32 36 38 35 35 37 35 35
6 28 35 28 28 30 31 33 30
7 34 28 30 31 31 27 32 30
8 39 43 44 41 40 38 38 40
9 30 29 32 30 28 35 29 30
10 43 45 46 45 39 42 40 43
11 25 18 20 22 25 23 24 22
12 45 48 50 49 46 45 50 48
13 20 22 19 21 15 18 21 19
14 31 29 28 33 35 28 30 31
15 19 15 20 22 20 17 18 19
16 55 51 50 53 49 52 49 51

To ensure the estimation reliability, the results (Table 4) were checked
for consistency. According to the results of the inspection: the concordance
coefficient is W=0.95; the critical value of the beta distribution Wk=0.23;
critical value W=0.24.
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That is, it fully confirms the reliability of the results of expert evaluation.

In the fourth stage, the structure of the regression equation was first
selected using PRIAM software and data (Table 4). Then the regression
coefficients were estimated and model (3) was constructed.

The resulting model has the following form:

Y = 32,4479 - 8,78047x,— 4,80125x,— 2,2576x,— 5,00888z, —

—3,56659x,+ 3,46327x,z,— 1,11123x,— 0,567734x X, 3)
where: x, = 0,941176(X, - 0,9375);
x, = (X,~1);

x, = 1,77778(X,— 0,4375);

x, =0,941176(X,— 0,9375);

z, = 1,64632(x; — 0,0907563*x,—0,605536);
X, = (X 1);

z.=1,6(x2 —0,625);

x, = 0,941176(X,— 0,9375);
x,=0,941176(X,— 1,0625);

X, = 0,941176(X,— 0,9375);

X, = 0,941176(X,— 0,9375).

In the fifth stage, the statistical characteristics of the model were
analyzed. Summary results of the analysis are given in (Table 5).

Thus, as seen from (Table 5), the model is informative, adequate and
stable, both in structure and in calculations.

To determine the effectiveness (efficiency) of the educational program,
i.e. to determine the probability of the risk of incompetent specialist
graduation, marginal surfaces were constructed (see Figure 4-7).

This approach allowed us to identify and analyze the combined effect
of regressors (quality indicators) on the probability of risk of incompetent
specialist graduation. Analysis of the graphical result of the surfaces showed
that the combined effect of regressors can both significantly increase and
decrease the probability of the risk of incompetent specialist graduation.

For clarity, the dependence of the regressors (quality indicators) share
on the probability of competent/incompetent specialist graduation was
constructed (Figure 8).

As can be seen from the figure, the greatest impact on the competence of
the specialist have such indicators as the adequacy of applicants (Bachelors)

® N9 N ;s W
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Table 5

Statistical characteristics of the model built according to the plan of

the experiment

Characteristic Name Legend Value
Multiple correlation coefficient R 0,969504
Estimated value of Fisher criterion to
verify the significance of R Fr 13,6932
The critical value of the Fisher
criterion to verify the significance F.. 2,02954
of R
8
Informativeness | Degrees of freedom 03
The scattering fraction explained by R 0.939938
the model
Box-Wetz criterion g 1
Hypothesis about the multiple
) . S - accepted
correlation coefficient significance
Informativeness level - satisfactory
Residual variance 2 11,1415
Reproducibility variance 2 5,93156
Estimated value of Fisher criterion to F 1,.87834
test adequacy ad
Adequacy Critical value of Fisher criterion to F 2.10647
test adequacy or val
8
Degrees of freedom (n 7
Hypothesis of the adequacy - accepted
Average accuracy of data description % 5.8347
Accuracy in percent deviation
Average absolute approximation error D 1,75521
COND (conditionality number) 1,75344
conclusion - good
Stabilit i i
y Part of the explanation by dubious % 19.38
regressors
conclusion - satisfactory
Level of a . 0,05
significance
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Ymax = 47.4 llar no ¥ = 1.76 Daxtop no 2 — X2
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Figure 4. Marginal surface of the combined effect of regressors X,
and X, on the probability of risk of incompetent specialist graduation
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Figure 5. Marginal surface of the combined effect of regressors X,
and X, on the probability of risk of incompetent specialist graduation
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Ymax = 43.5 llar no ¥ = 2.63 MaxTop no & - X4
¥nin = 17.2 Znin = 8. llar = B.185263
zH=H.

z1=0.1852632
Z2=0.2185263
z3=0.3157895
z4=0.4218526
25=0.5263158
z6=0.6315789
Z7=0.7368421
z8=0.8421853
29=0.9473684
z18=1.852632
z11=1.157895
z12=1.263158
z13=1.368421
z14=1.473684
215=1.578947
z16=1.684211
z17=1.789474
z18=1.894737
z19=2.

Ynind¥nindZnin  Xnin = B ¥max= 2 lar no ¥= 8.1

Figure 6. Marginal surface of the combined effect of regressors X,
and X, on the probability of risk of incompetent specialist graduation

Ymax = 17.2 llar no ¥ = A.12 MaxTop no & - X7
¥Ynin = 16. Znin = B. llar = B.185263
zH=H .

2181852632
22-8.2185263
23=0.3157895
24-8.4218526
25-8.5263158
26-8.6315789
27=0.7368421
28-9.8421053
29-9.9473684
z18-1.852632
z11=1.157895
212=1.263158
213=1.368421
z14=1.473684
215=1.578947
z16=1.684211
21?=1.789474
%2 218-1.894737
2192,

YnindXnin&Zmin  Xnin = B Xmax= 2 llar no X= 8.1

Figure 7. Marginal surface of the combined effect of regressors X,
and X on the probability of risk of incompetent specialist graduation
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27.95%

14,38%

8,77%

The share of influence, %

5,01%

0.70% 0,11%
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x1 x9 x4z4 X6 x3z5 x8 x2x7
Quality indicators

Figure 8. Distribution of quality indicators (regressors) influence
on the probability of competent/incompetent specialist graduation

to the second Master's level of HE and the level of consideration of the labor
market, employers (stakeholders) requirements in the EP. This is because
they are fundamental to the formation of future specialist competence and
the educational process effectiveness.

Thus, the proposed model allows us to estimate the factors influencing
the efficiency (effectiveness) of the educational process and the probability
of the risk of incompetent specialist graduation.

3. Conclusions

It has been proved that the evaluation of the educational program
effectiveness (efficiency) should be carried out within six groups of
indicators of the educational process quality by nine single indicators
which allow us to estimate the probability of risk of incompetent specialist
graduation.

Sixteen conditional educational programs have been formed, and
experimental researches have been carried out on their basis.

With the help of pseudo-random LP-t numbers, the robust plan of the
experiment has been made, and the working matrix of the estimation of
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16 conditional educational programs has been formed. Expert methods
have determined the probable percentage of the risk of incompetent
specialist graduation. Subsequently, the obtained data were used to build a
mathematical model.

With the help of PRIAM software, a mathematical regression model
has been built, which allows us to predict the probability of the risk of
incompetent specialist graduation. The model is adequate, informative, and
stable, both in structure and in calculations.

Based on the results of the constructed model, the influence of the “entry”
and “exit” indicators of the educational process on the probability of the risk
of competent/incompetent specialist graduation has been determined. It has
been found that the competence of future specialists is mostly influenced
by the following indicators: the adequacy of applicants (Bachelors) to the
second Master's level of HE and the level of consideration of the labor
market, employers (stakeholders) requirements in the EP. In this case, the
higher the value of these indicators at the "input", the better the level of
competence of the graduate at the "output" and vice versa.

The application of the principles, methods, and approaches presented
in the work allows higher education institutions to estimate the factors
(factors) that negatively affect educational activities. This allows HEIs to
identify "weaknesses" on time and develop organizational and technical
measures to prevent and reduce the risks of their activities in general. That
is, increase their competitiveness.
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