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ABSTRACT

The article aims to present a method of specialties cases management based on models of system evolution within the frame-
work of a pilot project in institutions of professional pre-higher and higher education of Ukraine for the training of specialists in the
dual form of education. The obtained data allowed determining that the methodology of project management can be successfully
implemented in Ukrainian dual education. However, the Ukrainian system of dual education still lacks many elements, and some of
them cannot be reproduced in the national environment, because the student himself can choose a form of education. The article pre-
sents a simulation of the dual education system evolution in a specific specialty in the form of a multicriterial optimization problem.
Well-known McKinsey model is adapted to determine the variant of the strategy for managing the dual education system. With the
help of such model, the specialties of the educational institution were ranked as candidates for investment according to the criterion
of future profit. The trajectory of the specialty evolution has been developed by means of the method for assessing of qualitative
factors, such as the attractiveness of the labor market and the competitive status of the educational institution. The inclusion of the
specialty evolution trajectory in the integral criteria of the McKinsey model, made it possible to not only establish a competitive sta-
tus for the current period, but also extrapolate it without significant changes to the entire strategic period to predict the competitive
status of a particular specialty. It is proposed to apply a decision support system based on the use of an apparatus of fuzzy sets and
fuzzy logic to formalize decision-making in an intelligent system. The using of the fuzzy logic apparatus made it possible to adjust
and clarify the strategic positions of each business unit of the dual education project portfolio. Thus, a significant practical effect was
obtained, since the using of this fuzzy system allows to quickly assessing the forecast positions of dual education projects, to evaluate
the future competitive status of the educational product and the management strategy of this project.
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INTRODUCTION, FORMULATION OF THE
PROBLEM

In conditions of the rapid technological
development and the transition to the knowledge
economy there is a request to find effective forms of
modern education. The dynamic external environ-
ment changes the trends of specialties and the trajec-
tories of stakeholders in the educational space.

Now we need to reduce the gap between the
special (professional) competencies of graduates of
educational institutions and the requirements for the
professional competencies of specialists in the labor
market. This task becomes relevant to introducing of
the education dual form (EDF) at the level of
professional pre-higher and higher institutions.
According to the Order of the Ministry of Education
and Science of Ukraine dated 15.10.2019 No. 1296
“On the introduction of a pilot project in institutions

© Kozyr, S., Molokanova, V., 2022

of professional pre-higher and higher education for
the training of specialists in the dual form of
education”, a large-scale experiment on the
implementation of EDF in 44 educational
institutions was launched, and it will last until 2023.

The state and direct participants are also
interested in the implementation of this project: “for
educational institutions, this form of organization of
education will help attract the attention of a certain
category of applicants, as well as actually update the
content of educational programs, gain access to the
material and technical base of employers for
advanced training of scientific and pedagogical
workers. In addition, it will contribute to increasing
the competitiveness of graduates entering the labor
market, their financial independence and gaining
work experience during their studies. Employers, for
their part, will receive specialists with solid
theoretical knowledge and demanded competencies
in the labor market, familiarization with the
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peculiarities of work in the company / at the
enterprise, adaptation, etc.” [1].Today's higher
education institutions are opening new specialties in
demand by the labor market, introducing a dual form
of education, such as a new technology of education,
in order to increase their competitive status. The
need for colleges and universities to carry out a
significant number of unique activities gives rise to
the using of project management for their
implementation. Thus, solving the problem of the
development of dual education necessitates the
methodology development for managing a portfolio
of projects for dual education processes organizing.

The purpose of the article is to analyze and
summarize the dynamics of project management of
the dual form of education using a systematic
approach and the expert systems based on the
apparatus of fuzzy sets and fuzzy logic.

In accordance with the goal, the following
research objectives are formed:

— to investigate the evolutionary methods of
creating a system of education dual form for a
particular specialty;

— to predict the evolution of dual education
systems on the basis of expert opinions;

— determine the functions of belonging to the
possible values of each of the internal parameters of
the system, as well as the time values of structural
changes and changes in the management strategy;

— to make modeling the management strategy of
the dual form education system using the McKinsey
model.

1. LITERATURE REVIEW

According to the Part 10 of Article 9 of the Law
of Ukraine “About Education”, the dual form of
education is a way of obtaining education, which
involves combining the training of persons in
educational institutions (in other subjects of
educational activity) with training in workplaces at
enterprises, institutions and organizations to acquire
a certain qualification, as a rule, on the basis of
mutual agreement [2].

The concept of cooperation of educational
institutions with government and business has arisen
for a long time. Back in 1996, the first international
conference devoted to this concept was held in
Amsterdam, and in 2009, for the purpose of its
further development, the International Association
of the Triple Helix was established as an interaction
of three components — science, business and the state
[3]. The emergence of this concept of the triple helix
is associated with certain  socio-economic
conditions. Since with the growing role of

innovation in development, state institutions cannot
constantly support the processes of such innovation.
The high level of interactions uncertainty between
the participants in the innovation process requires
closer ties between science, business and the state.
To solve this problem, it is proposed to build
communication platforms in which all stakeholders
are involved [4]. In addition to the cooperation of
the three driving ones, the concept of the “Triple
Helix involves the creation of a space of knowledge
and innovation [5, 6], [7, 8].

The emergence of firms focused on the
capitalization of knowledge opens up new
opportunities  for  scientists and  qualified
professionals. This circumstance has recently led to
the active participation of universities in the creation
of innovative firms [9], [10], [11], [12]. When
analyzing the success stories of such knowledge-
oriented organizations, the main reason of their
success is university cooperation within the “Triple
Helix” [13]. It is noted that the three spaces
considered by the “Triple Helix” are nonlinear.
Theoretically, they can be created in different ways,
while it is allowed to use any direction as a basis for
the development of the other two. The result of joint
efforts may be some hybrid entity that combines
resources, people and networks, crossing the entire
“Triple Helix [14], [15].

However, “at this stage of development, dual
education is no longer limited to the cooperation of
educational institutions and companies, but is based
on complex network links between wide ranges of
stakeholders. The formation, effectiveness of the
functioning of dual education and the success of its
implementation in different national contexts at the
request of time depends on a number of factors —
historical, cultural, social, and economic. This
makes it necessary to consider dual education
through the prism of process, project and system
approaches”[16].

2. MODEL DEVELOPMENT AND
MODELLING METHOD USING

The idea of replacing the paradigm of modeling
systems with a paradigm of modeling their evolution
is currently actively developing [17]. We will
perform a formulation of the evolution modeling for
a complex dual form education system (DFES)
implementation in a particular specialty.

Each DFES dynamically goes through the
stages of the life cycle: research, design, and
implementation, provision of dual education
services, modernization  (niche search) or
elimination. Only one of these stages is productive,
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it is the stage of providing dual education services.
Therefore, first, at the initial stages of the life cycle,
they solve the problem of maximizing the time of
this stage of DFES. The time of other stages is
minimized. At the same time, it is necessary to take
into account the contradictions that are determined
by the need to increase the number of applicants in
the dual form of education, the growth of the quality
of educational services, the advanced training of
scientific and teaching staff, the structural and
functional transformation and the educational
institution and the enterprise management. It is
obvious that the evolution of DFES is carried out in
two directions: vertically (external) and horizontally
(internal). The vertical evolution determined by the
movement of DFES along the stages of its life cycle.
The horizontal evolution dynamics determines by
DFES state within each of its life cycle stages.

At the macro level, it is necessary to solve the
problem of multicriterial optimization

Tr - max, T, — min, Ef = (P, C;, S) - max, (1)

where: Tt - time of the stage of DFES operation; Tm
-time of modernization or adaptation of the system;
E)E — system efficiency; Pt — set of tasks that are

solved by the system at a time t; Ct — a set of
corresponding possible structures; St — set of
management strategies.

Note that the efficiency of a system is a
function of its state g, which is defined as a set of
values of internal and external parameters of its
functioning. The system designated by the external
environment and its evolution. Formally, such an
impact is carried out through the function of external
conditions ¢(z). On the other hand, the need for
dynamic development of the system is determined
by internal factors, their influence is carried out
through the implementation of the function ¢(g, ¢).
In [18], the process of functioning of a complex
system, together with modernization procedures,
was divided into time intervals, i.e.

Tr+Tm = {tog<t; <<t <—}.(2)

We Dbelieve that at times it there is a
modernization or adaptation of the DFES, which
consists a number of tasks, structures or
management strategies. Such changes are the result
of the analysis and implementation of decision-
making procedures. In the intervals between
moments of time ti the functioning of the system is
performed.

So, the problem (1) will be rewritten as follows:

Ej[tk,tk+1] _ Fk(PlioCI{:SIlc) - max, 3

p,"{ € Pk,c,i € Cy, Sk € S,k =0,n—1,

Pie+1 = fiw1 (P @), S (qrer t)),
Crs1 = gk+1(ck:(p(tk)! b (qr tk))! (4)
Sk+1 = hk+1(5k:(p(tk)!¢(qk:tk)):

where Pk+1 is denote problems solved by the system
at time t k+1; C k+1 is corresponding version of the
system structure; S k+1 is management strategy; o(t
k) is value of the external conditions at time t ; ¢(q,
t) ¢(q k, t) is value of the internal state function gk
at time tx.

Problems (3) and (4) have a solution when
performing at each time interval a set of constraints
Rk, the presence of source data Ak, sets of models
Mok, methods Mek and means Vk. The tasks (3) and
(4) reflect the need to change the structure and
organization of DFES for a particular specialty, as a
result of the evolution of the external environment
and internal needs.

Thus, the paper presents the modeling of the
evolution of introducing dual education complex
system in a particular specialty in the form of a mul-
ti-criteria optimization problem. To solve the prob-
lems of optimization of complex systems of different
origin, evolutionary algorithms [19], [20], [21] are
widely used, which are part of a broader technology
of so-called Soft Computing, including neural net-
works, fuzzy logic, probabilistic reasoning and trust
networks [22], [23]. These technologies complement
each other and are used in various combinations or
independently to create Intelligent Systems (IS). The
development of the decision-making subsystem of
an intelligent system requires the formalization of
product rules.

2.1. Forecasting the evolution of dual education
systems based on expert opinions

Formally, the experts’ conclusions will be
presented in the form of the product composition
rules [24], [25]. Their basic elements are fuzzy sets,
for which it is necessary to determine the functions
of belonging to the possible values of each of the
internal parameters of the system, as well as the time
values of structural changes and changes in the
management strategy. Thus, we will formally
present expert opinions with rules like “if..., then...”

(5):

IfteT{'&q, € Q1'&...& q, € Q31,01
t e T?'& q, € 0?1& ..& q,, € Q21,01
PN 0 X o (5)
teTM& q, € Q& ...& q,, € Q41,
thens € Sy,
else if
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t ETI?& q; € Q1%2& ...& q,, € Q11,01
t € T?2& q; € Q?%& ... & q, € Q232,01
R 0 ) &
t e T#& q, € Q%&...& q, € Q%2,
thens € §,,
else if
teT!"&q, €Qi"&...& q, € Qi o1
tETE&q, € Q& ...&qy € Q27,01
A 01 8
teT&q €QV&...&q, € QIT,
thens € §S,.
At (5) a fuzzy set with the corresponding
belonging function, by means of which the

confidence of the k-th expert in the time value of T,ﬁj
the j-th structural adjustment for the i-th assumption

is determined, where @, is the fuzzy set of values k
—th internal parameter, S « is a fuzzy set of values
k-th variant of the structural elements composition.

To determine the variant of the management
strategy of the DFES, we can use a system of
production rules similar to (5). It will have the same
form and, in order not to repeat, we denote it as 5*.
The system of production rules (5%*), which
corresponds to the task of determining the set of
tasks, is formed with some differences.

The system (5*) takes into account the
assumptions of experts about environmental
conditions. At the same time, it is impossible to
ignore internal parameters, the values of which
change over time, and also exert their influence on
the resulting characteristic. Therefore, in (5%) there
are functions of belonging, but not for all internal
parameters, but only for significant parameters.
Similar (5*) systems occur when predicting
structural and organizational changes.

Note that the systems (5) and (5*) reflect the
conclusions of only one expert and are based on
experience, knowledge, intuition and, which is the
main thing, on the results of designing systems or
elements-analogues [26], [27], [28], [29]. Such
conclusions reflect the possible various options for
the evolution of the system and form the elemental
basis of a fuzzy knowledge base.

2.2. Justification of the complex systems evolution
modeling result adequacy for the introduction of
dual education

The process of systems evolution modeling is a
rather complex poorly structured problem, since
there is no clearly defined procedure, method,
algorithm for solving it, as well as determining the

levels of hierarchy. Such systems are the subject of
study in artificial intelligence [30].

Since the evolution of the system is the process
of transition from state to state depending on internal
necessity and external conditions, the organization
of information includes the initial data, constraints,
models, methods, means, criteria for evaluating the
decisions obtained, forms the basis for analyzing the
effectiveness of each stage of the system life cycle,
forecasting future processes and making decisions.
Thus, modeling systems evolution is a more
informative process than modeling only systems
structure.

It is important to note that systems evolution
modeling in the overwhelming majority of cases
must be carried out at the initial stages of life cycle
such as the stage of scientific research and design.
However, at this time there is no initial data that
could be obtained in the later stages, so a significant
part of them is predicted, which in turn leads to a
shift in the results. We propose to carry out their
verification and optimization using evolutionary
modeling [31], [32].

Let us give some arguments in favor of the fact
that the evolutionary paradigm has methodological
and substantive aspects. Note that it is based on
ideas that are expressed by a certain axiomatic.
According to her, the course of evolution is
determined by hereditary variability, which is a
prerequisite for evolution; the struggle for existence
as a controlling and guiding factor; natural selection
as a factor transforming evolution.

Adapting these axioms to the problem of the
evolution of DFESs, we note that evolutionary
modeling in this case is fully justified, since:

1. Hereditary variability indicates the
possibility for DFES to reorient to the specialty that
should be developed, which determines the
environment and evolution. The innovative
potential of dual education projects can be
interpreted as a prerequisite for the evolution of the
system.

2. The market of labor determines the guiding
factor in the evolution of the system, and is
regulated by the law of equality of supply and
demand, that determines the need to solve problems
and (1)-(4)

3. Natural selection in this case is determined
by the effectiveness of the result of solving the
problem (1)-(4). The state in which the dual
education system is located for a certain moment of
time is an indicator of its effectiveness (Fig. 1).

Fulfillment of the above three conditions
indicates the existence of a model of evolution.
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Fig. 1. Model of dual education system evolution
Source: compiled by the authors

The object that evolves is the dual education
system. The space in which evolution is performed,
the space of four dimensions: time, tasks, structures
(structural and functional — transformation and
management of higher education institutions and
enterprises) and types of training organization,
determined by algorithms for the allocation of
resources.The criterion of evolution is the
effectiveness of DFES, the structural element
(solution) is its state. Thus, three components of
evolutionary modeling are the model of evolution,
the object of evolution, and the criterion of
evolution. Their definition is a prerequisite for
modeling the evolution of complex systems and
indicates the wvalidity of the application of
evolutionary technologies to the processes of their
creation.

However, the heuristic nature of evolutionary
computations does not guarantee the optimality of
the resulting solution [33]. However, the initial data
when selecting projects for the dual education de-
velopment portfolio are dynamically changing, char-
acterized by inaccuracy and incompleteness. There-
fore, it is important to obtain several suboptimal al-
ternative solutions. Let us move on to the implemen-
tation of forecasting the evolution of dual education
systems based on expert assessments using models
of the multifactorial strategic analysis methodology
and the apparatus of fuzzy sets and fuzzy logic.

2.3. Modeling the management strategy of the
dual education system using the McKinsey model
and the apparatus of fuzzy sets and fuzzy logic

Since “the management system of dual higher
education is a complex of organizational and
managerial coordination mechanisms (built in
Ukraine according to the project approach) of

complex network relations between stakeholders”
[16], we will also select projects for the dual
education development portfolio using approaches
and methods inherent in project management.

Each educational product is a ‘“commodity”
sold in the market of educational services. A set of
products forms a “product portfolio” [34]. The
system of higher education should be adapted to
market self-regulation.

To determine the variant of the DFES
management strategy, we will use the well-known
McKinsey model [35], [36]. This model is an
example of a multivariate strategic analysis
technique. With its help, all specialties of the
educational institution are ranked as candidates for
investment according to the criterion of future profit
in a given strategic perspective. Accordingly, these
specialties will be candidates for the portfolio of
projects of the DFES. In the matrix along the Y-axis,
we have those parameters of the educational services
market that  organizations are  practically
uncontrolled (that is, in fact, these are significant
factors of its external environment), and on the X-
axis we evaluate those parameters that depend from
the organization.

The position (state) of a particular specialty is
reflected in the coordinate and grid these matrices by
points with coordinates corresponding to the level of
competitive status of an educational institution in a
particular specialty and its attractiveness in the
market of educational services.(Fig. 2).

Specialty | Specialty | Specialty
< | “System ‘System | ‘System
= :IE:” Analysis’ | Analysis’ | Analysis’
X is is is
£ Interim 1 | Leading 2 | Leading 1
2 Specialty | Specialty | Specialty
| | ‘System | ‘System [ ‘System
o © . o .
w | o | Analysis’ | Analysis® | Analysis’
5 > . q .
c| <« is is is
s Losing 1 | Interim 2 | Leading 3
3 Specialty | Specialty | Specialty
g > ‘System | ‘System ‘System
3 Analysis® | Analysis’ | Analysis’
is is is
Losing3 | Losing2 | Interim 3
Low Average High
Competitive advantages

Fig. 2. McKinsey matrix model of system dual

education
Source: compiled by the authors
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The McKinsey model identifies three types of
strategic positions (“Losing”, “Interim”, “Leading”),
each of which includes three business positions. In
accordance with the model of the first type of
business, a high priority is established for
investment, the second type is medium, and the third
is low.

With proper positioning, it is possible to make
an accurate forecast of the situation and make
successful strategic decisions.

However, the McKinsey model as a strategic
marketing tool taking into account a number of
limitations:

1. In accordance with the methodology of the
model, the competitive status is set for the current
period of time, and then it is extrapolated without
significant changes to the entire strategic period.
However, in practice, significant changes can occur
during this period.

2. The process of strategic choice according to
the model is passive (the organization assumes a
future that should take place as without its
participation). In fact, one cannot limit oneself to
passive observations, it is necessary to actively
shape the future. Therefore, the model is correct
only in the short term.

3. Qualitative indicators that form integral
criteria are extremely difficult to unambiguously
assess (large variation, excessive subjectivity of
expert assessments, a large amount of material and,
consequently, restrictions on the time factor). All
this reduces the accuracy of estimates and makes the
model not very successful.

In order to reduce the flow of these restrictions
and to obtain a forecast of the educational institution
competitive status in a particular field of knowledge,
we propose to include the trajectory of evolution or
the trend of specific specialties with the indicators
that form integral criteria.

The content of the problem that needs to be
solved by the decision maker person (DMP) is to
determine the possibility of the composition of
guantitative and qualitative, objective and subjective
factors, and to develop a method for evaluating such
a composition. It is necessary to base it on a
measure, since the measure is an essential unity of
guantitative and qualitative factors. The object and
process have its own measure, that is, qualitative and
quantitative certainty.

Analytical methods to determine the impact of
such reasons on the final choice of a design solution
is impossible. At the same time, using mathematical
modeling, which includes the apparatus of artificial
neural networks (ANN) using and methods of fuzzy

set theory (FST)), such uncertainty can be reduced,
which will allow DMP to correct and clarify expert
conclusions [17], [31], [37], [38].

Fuzzy logic systems are used in fuzzy expert
systems [30], [31], [33]. They are based on
constructions of logical rules such as “if ..., then ...”,
where the condition and conclusion (consequence)
are expressed by a set of verbal characteristics
described using fuzzy sets [39].

It is precisely for the formalization of the
process of human thinking in the course of decision-
making, on which intellectual, in particular, expert
systems are based, since the early 1970s, the
American scientist L. Zade has been asked to use
fuzzy logic. Later, this direction became widespread
and gave rise to the creation of a separate branch of
artificial intelligence, called “soft computing”.

Let the expert define the linguistic variable.
“Competitive advantages” using the following
concepts:  “low”, “average” and “high”. This
description can be formalized using the linguistic
variable, where B is the (B8, T,X, G, M ) name of the
linguistic variable “Competitive advantages”. The
mark T is the set of its values {“low”, “average”
“high”}. The note X is the set that is the domain of
each of the fuzzy variables. The note G is formation
of new terms using bonds “and”, “or” and modifiers
such as “very”, “not”, “slightly” and others, for
example, “very low”, etc.; M is a semantic
procedure that allows us to convert each new value
of a linguistic variable created through the G
procedure into a fuzzy variable, that is, to form a
corresponding fuzzy set.

In Fig. 3 shows the possible form of functions
belonging to N fuzzy sets “low with competitive
advantages", “average with competitive advantages”
and “high competitive advantages”.

Al A2 A3

Fig. 3. Membership functions of fuzzy sets:
“low competitive advantages” = Al,;
“average competitive advantages” = A2;

“high competitive advantages”= A3
Source: compiled by the authors
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The previous sections show that it has been
successfully used to perform tasks and solve
problems in which the initial data is unreliable and
poorly formalized.

Advantages of such approach in expert systems
based on the using of a fuzzy set apparatus and
fuzzy logic are follows:

— to describe the conditions and method of
solving the problem, we can use a language that is
close to natural;

— universality (according to the theorem of B.
Cosco [31], any mathematical system can be
approximated by a system built on fuzzy logic);

— efficiency (associated with universality),
which is confirmed by a number of theorems similar
to theorems on the completeness of artificial neural
networks.

At the same time, fuzzy decision-making
systems have certain disadvantages:

— the initial set of fuzzy rules is formulated by a
human expert and may be incomplete or
contradictory;

— the appearance and parameters of the
functions of belonging, describing the input and
output variables of the system, are chosen
subjectively and may turn out to be such that they do
not fully reflect reality.

To eliminate, at least in part, these
shortcomings, it was proposed to create fuzzy
systems adaptive, adjusting the rules and parameters
of the functions of belonging in the course of their
work. One of the most successful among such
systems is fuzzy neural networks.

A fuzzy neural network is a combination of an
artificial neural network with a mechanism of fuzzy
logical inference that is a computational system that
contains several layers of artificial neurons, at least
one of which corresponds to a system of rules
(knowledge base).

Among the integrated neuro-fuzzy models
ANFIS (Adaptive Network-Based Fuzzy Inference
System) has the highest accuracy.

This is due to the fact that the Takagi-Sugeno
rules are implemented in ANFIS:

if x1 €A1&x, €EA,&...&x, EA,
theny = f(xl,xz‘ ...xn).
In the rules of such a system, {x;}are input
variables; y is the output variable; {A4;} are fuzzy
terms defined on the {x;}; f(xy, %z .. %y)is a

linear function that depends on the input variables.
This system can be successfully used to set up the

membership function as well as the rule base in a
fuzzy expert system [30], [33].

The structure of the ANFIS neural network for
the case when it is necessary to set three input

variables (x; — is “Competitive advantages”; x, -
is “Attractiveness of the market”; x; — "The
evolution trajectory of the education system”) is
shown in Fig. 4. X1 and x, are defined by three

fuzzy terms, x3 — by two (increasing and decreasing
trajectories).

Each of the layers performs the following func-
tions:

— the 1th layer is the phasor. Network inputs x1,
x2,..Xn are connected only with their terms. The
number of neurons in the first layer is equal to the
sum of the powers of the term sets of the input vari-
ables. Each neuron of this layer converts the input
signal xi into a fuzzy set using the membership func-
tion pa, (x;) (see Fig. 3);

— the 2th layer is the the rule activator. Each
neuron in this layer is denoted as 77j (j = 1,m), and
performs logical multiplication of the input signals,
simulating the logical AND operation and sending
the signal to the output, namely:

wj = HAi(x1)/\liAi(x2)/\ﬂAi(x3)'

where: Ai — is the number of terms for each input
variable. In fact, each neuron of the second layer
implements the activity of one rule. In the specific
case, m = 18;

— the 3th layer is the normalization. Here each
neuron calculates the normalized strength of the
rule, i.e.

_ wj 1
W= _,]J=1m
Y ]

— the 4th layer is the inference of the rules. The
number of nodes of the fourth layer is also equal to t.
Each neuron is connected to one neuron of the third
layer as well as to all inputs of the network.

The neuron of the fourth layer calculates the
contribution of one fuzzy rule to the network output:

¥y = @)(boj + byjxs + -+ by jxn),j = L,m.

— the 5th layer is the defuzzifier. It is the final
one, where the output signal of the neural network is
received and the results are reduced to clarity for
defuzzification using a simple convolution of the
original variables, which is equivalent to the center
of mass method, namely:

F

y= ,Jj=1m.

~ 1
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laver 1

layer 2

layer 3 layer 4 layer 5

Fig. 4. Structure of the ANFIS neural network for the formation of a portfolio of

projects of the dual education system
Source: compiled by the authors

Typical neural network training procedures can
be applied to train an ANFIS network because it
uses differentiable functions. Usually, a combination
of gradient descent in the form of back propagation
algorithm and least squares method is applied. The
backward error propagation algorithm adjusts the
parameters of the rule antecedents, i.e. membership
functions. The least squares method estimates the
inference coefficients of the rules, since they are
linearly related to the network output. In addition to
the back propagation method, other optimization
algorithms  (Levenberg-Marquardt method and
others) can be used to adjust the membership
functions [33].

Thus, the using of the fuzzy neural networks
(FNN) apparatus will allow the expert to adjust and
clarify their conclusions, determine the strategic and
positions of each business unit of the dual education
project portfolio.

The problem that needs to be solved by the
decision maker person (DMP) is determination of
the quantitative and qualitative composition,
objective and subjective factors, to develop a
method for evaluating such a composition.

So, the steps of such method for assessing the
composition of quantitative and qualitative,
objective and subjective factors are follows:

1. Selection of quantitative indicators that
affect the efficiency of the system.

2. Determination of qualitative indicators of
impact.

3. Inclusion in the indicators the evolution
trajectory of the education system.

4. Determination of the composition of
quantitative and qualitative, objective and subjective
factors, that is necessary to serve as a base on a
measuring, since the measuring is an essential unity
of quantitative and qualitative factors.

5. The using of the fuzzy neural networks
(FNN) apparatus, which will allow the expert to
adjust and clarify his conclusions. Thus, on the basis
of a systematic approach, a technology has been
developed to find a criterion for the effectiveness of
the dual education system at the stage of project
initiation and during all its life cycle depending on
tasks, structures and management strategies. The
main components of the technology are the neural
networks models of efficiency criterion and
evolutionary algorithms as methods for its
optimization.

3. EXPERIMENTAL RESULTS

The experimental basis of the study was chosen
to form a portfolio of dual education projects based
on the State Vocational Institution “Dnipro Center
for Vocational Education”. To determine the
projected versions of the portfolio management
strategy of dual education projects, the McKinsey
model is adapted (see Table 1). In addition to
qualitative factors, such as the attractiveness of the
labor market and the competitive status of the
educational institution, the trajectories of the
evolution for the specialties are also included.
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Table 1. Adapted McKinsey matrix model with the competitive status rating scores of the pro-
ject educational product and the management strategy

5 Sunport of the mardinal 7. Growth; finding ways to
- 5 ~>upp . € marg . 6. Selective growth; maintaining the lead;
| = position; stabilization; . . .
<| T position maximizing educational ser-
3 search for personnel X
c vices
2
-+~ (<) -y - . - - - . _
4 8 2. Reduction of the area: 4, S_tablllzatlon, I|Qent|f|f:at|c_>n of 6. S_electlve growt_h, as
wl 5 . growing segments; investing in very sessing the potential for
o > planned exit : . . .
el < profitable professions leadership by segmentation
=
£ L 2. Search for partners; development 3._Stab.|I|zat|on, sea_rch for
= | = 1.Liquidation; quick way .. o : niches; short-term invest-
<| © of promising specialties; considera- ,
- out . . ments (courses);
tion of exit from the local market :
planned reduction
Low Average High
Competitive advantages
Source: compiled by the authors
Recall that the projected value of the MATLAB environment and it’s Fuzzy Logic
educational institution competitive status in a Toolbox. The purpose of creating this model is to

particular industry is an indicator of its effectiveness
in the future. The result of solving the problem (1)-
(4) determines the state of the portfolio of dual
education projects in a particular specialty. The
position of this status is a certain sector of the
McKinsey matrix, which shows both the
competitiveness of the educational product and the
strategy for managing this project.

Phasing process of input and output variables
will be follows:

1) The set T1 = {“low”, “medium”, “high”} is
used as the term set of the first input of variable
“Relative  competitive advantages of higher
education institutions in the specialty” (IRCA).

2) For the second input variable, the set T2 =
{“low”, “average”, “high”} is used as the term set
“Market attractiveness”.

3) The project of dual education in a particular
specialty is not a stable system. Therefore, to assess
the effectiveness of projects in a changing
environment, the third change in the specialty trend
was used.

4) The specialty rating will be evaluated in
points from 1 to 9. As a term-set of the original
linguistic variable “Rating” we will use the set T3 =
{“very low”, “low”, “below average”, “average”,
“above average”, “high”, “very high”}.

An example of constructing a fuzzy model of a
system of dual education projects for several specific
special activities was carried out using the

determine the states in which each business unit is
located at a certain point in time, and acts as an
indicator of its effectiveness. The development of a
fuzzy model (its conventional name dual education)
was carried out in the FIS editor, where initially 3
input variables (advantages, attractiveness, trend)
and the output variable, which determines the case
rating by specialty, are given. To solve the problem
of fuzzy modeling, a fuzzy inference system based
on the Mamdani algorithm was used [30], [33].

The parameters of the fuzzy model proposed by
the MATLAB system by default are left unchanged.
They include logical operations (min — for fuzzy
logical I, max — for fuzzy logical OR), implication
method (min), aggregation method (max) and
defuzzification method (centroid).

The view of the interface of the FIS editor is
presented in Fig. 5.

For beginning, the behavior of the model was
investigated with only two input variables. “Relative
competitive advantages of higher education
institutions (IRCA) in the specialty” and “Market
attractiveness”,  which  adequately  reflected
McKinsey matrix model of system dual education
(Fig. 6). When constructing a fuzzy model for
evaluating the performance indicator for the
variables, the functions of belonging are given,
which are measured in the range of real numbers
from 0 to 10. In this case, the lowest estimate value
of each of the variables is 0, and the highest is 10.
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FIS Editor: dual_education = B PXS

File Edit View

XX

‘ advantages

attractiveness /

dual_education

(mamdani)

trend

FIS Mame: dual_education FIS Type: mamdani
And method min ~ || Current Variable
Or method max - || MName advantages
Implication min - Type nput

: Range [010]
Aggregation max -
Defuzzification centroid - Help Close
System "dual_education”: 3 inputs, 1 output, and 18 rules

Fig. 5. Graphical interface of the FIS editor for the proposed task

Source: compiled by the authors

attractiveness 00 advantages

X {input): advantag.. v 7 (nput) attractive.. v Z(output) rating v
X grids: 15 Y grids: 15 Evaluate

Fig. 6. Behavior of the adapted McKinsey matrix model of dual education system with two
input variables “Relative competitive advantages of the educational institution by specialty”

and “Market attractiveness”
Source: compiled by the authors
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Fig. 7. Graphical interface of the rule editor for specialties:
a— “Installation and maintenance of renewable energy systems”;
b — “Electrician for repair and maintenance of electrical equipment”;
¢ — “Operator of machine tools with program control;
d — “Emergency medical technician”
Source: compiled by the authors
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Fig. 8. The fuzzy inference surface for the variables “advantages” and “trend”
Source: compiled by the authors

Table 2. Comparative analysis of ratings of the competitive status of dual
education projects by specialties

No. Speciality advantages | attractiveness | trend | rating
1 Installation and maintenance of renewable energy 8.33 773 0843 | 7.07
systems
5 EIe(_:tr|C|an for repair and maintenance of electrical 6.31 6.1 07 | 597
equipment
3 | Operator of machine tools with program control 8.03 4.09 0.621 | 5.99
4 | Emergency Medical Technician 3.83 6.02 0.2 | 4.13

Source: compiled by the authors

The dimensionality of the scale does not matter,
and the scale from 0 to 10 is taken as the most
intuitive for expert assessments. For variable “trend”
— from 0 to 1, it takes into account the tendency to
increase or decrease in demand for specialists in a
particular specialty. After determining the affiliation
functions of each variable based on the rules of
positioning, the McKinsey matrix model and taking
into account the trend of specialists’ demands, the
rules of fuzzy inference were introduced into the
editor of the rule base. The procedure for
aggregating conditions into rules is performed using
fuzzy logical operations, such as fuzzy conjunction,
fuzzy disjunction, and fuzzy failure.

The graphical interface of the editor after
setting all 18-the rules of fuzzy inference for four

specialties are shown in Fig.7a, Fig.7b, Fig.7c and
Fig.7d.

The dependence of the specialty rating for the
input variables “advantages” and “trend” and the
surface that the system offers as a result of its work
can be viewed in the corresponding window (Fig. 8).

The inclusion of the evolution trajectory for the
specialty in the integral criteria of the McKinsey
model made it possible not only to establish a com-
petitive status for the current period. The model
helps extrapolate state of DFES to the entire strate-
gic period, to predict the competitive status by tak-
ing into account the influence of the trend of evolu-
tion of a particular specialty.

Because of the study, the predicted values of
the competitive statuses of dual education projects in
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the following specialties were determined (see Table
2). The position on this status is a certain sector of
the McKinsey matrix, which shows both the rating
of the competitive status of the educational product
(in points from 1 to 8) and the strategy for managing
this project (Table 1). Thus, we have a competitive
position in the educational product (rating) for the
following specialty: “Installation and maintenance of
renewable energy systems” — 7.07 and, accordingly,
the Growth strategy- finding ways to lead;

Different strategies are determined because the
first specialty has attractiveness of the market as
“high”, and the second specialty has “Average” rank
and their positions in the matrix of the McKinsey
model are different (Table 1). For “Emergency
Medical Technician” specialty the rating is 4.13 and
is  proposed the  “Stabilization strategy”;
identification of growing segments; investing in very
profitable professions.

According to the McKinsey adapted model
matrix (see Table 1), the first three products fell into
the high-priority group for investing in personnel,
resources, material and technical values, and the
fourth with an average priority.

Given the somewhat simplified nature, the
application of this fuzzy system gives a significant
practical effect, since it allows us to quickly assess
the predictive positions of dual education projects,
by which the future competitive status of the
educational product and the management strategies
of this project are evaluated.

The experiment of managing dual education
projects allowed us to draw conclusions that the
application of the theory of fuzzy sets opens up new
opportunities for solving the problems of forming an
organization's development portfolio in conditions
of incomplete information. Since fuzzy neural
networks are able to learn in the process of using,
their application to assess the competitive status of
the educational product and the strategy of managing
this project allows us to approach solving one of the
most complex problems of project management.

CONCLUSIONS

Evolutionary methods of creating a system of a
dual form of education of a separate specialty are
investigated in the article based on a systemic
approach. The technology of finding the criterion for

maximizing educational service. Ratings for the
specialties “Electrician for repair and maintenance
of electrical equipment” and “Operator of machine
tools with program control” are 5,97 and 5,99,
respectively. However, for the first of the
comparable specialty ratings, is proposed “Selective
growth strategy’ maintaining the position, and for
the second — “Selective growth” assessing the
potential for leadership by segmentation.

the effectiveness of the dual education system at the
stage of initiating the project, during its life cycle, as
a dependence on tasks, structures and management
strategies, is proposed. The main components of the
technology are the use of fuzzy neural networks as
efficiency criterion models and evolutionary
algorithms as methods of its optimization.

Forecasting of the evolution of dual education
systems was carried out on the basis of expert
conclusions. To formalize decision-making in an
intelligent system, it is proposed to apply a decision-
making support system based on the use of a fuzzy
set and fuzzy logic.

A methodology for evaluating the composition
of qualitative factors, such as the attractiveness of
the labor market and the competitive status of the
educational institution and the trajectory of the
evolution of the specialty, has been developed. The
connection of the trajectory of the evolution of the
specialty with the integral criteria of the McKinsey
matrix model helps not only to establish the
competitive status for the current period. The
proposed model helps to then extrapolate it without
significant changes for the entire strategic period, as
well as predict the competitive status of an
educational institution, taking into account the
influence of the trend of the evolution of a particular
specialty.

The use of the fuzzy logic apparatus made it
possible to adjust and clarify the strategic positions
of each business unit of the portfolio of dual
education projects. Thus, a significant practical
effect was obtained, since the use of this fuzzy
system allows evaluating the forecast positions of
dual education projects, which are used to evaluate
the future competitive status of the educational
product and the management strategy of this project.
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AHOTALIS

CraTTs Ma€ Ha METi IPEICTaBUTH METOJ YIPABIIHHA KeiicaMH cIielialbHOCTEel Ha OCHOBI MOJieJiel eBOJIIOLIT CUCTEM B pa-
MKax 3anpoBa/PKeHHsI MITOTHOTO MPOEKTY Yy 3aKiazax (axoBOi MEpeIBUINOI Ta BUIIOI OCBITH YKpaiHH 3 MiArOTOBKH (axiBIiB 3a
IyanbHOI0 (popMoro 3100yTTs ocBiTH. OTpUMaHi JaHi TO3BOIMIN BU3HAYHUTH, 1[0 METOIOJIOTIS MIPOSKTHOTO YIPABIIHHSI MOXe OyTH
YCIIITHO BIIPOBA/PKEHA B YKpalHCBHKIH ayanbHii ocBiTi. IIpore ykpaiHCBKiH cHcTeMi DyaiabHOI OCBITH HOKH Iie Opakye Garato
€JIEMEHTIB, a JIesiki He MOXKHA BIJTBOPHTH B HAI[IOHATEHOMY CEPElOBHINI, ajpke Iie (opMa HaBYaHHS, SIKy MOXE OOMpaTH caM
CTYIEeHT. Y CTaTTi IPEJCTaBICHO MOJAECIIOBAHHS EBONIOLI CKIAIHOI CHCTEMH 3alpOBaPKEHHS IyaJbHOI OCBITH 32 KOHKPETHOIO
CHCMIANTBHICTIO y BUTJISII 3a/adi 0araToKpUTepiaabHOi omTuMmizamii. /Iy BH3HAYCHHS BapiaHTa CTpaTeril YNpaBliHHA CHCTEMOIO
IyanbHOi OCBiTM ajganrtoBaHO Moaenb McKinsey. 3a ii qomomororo 3miliCHEHO paHKyBaHHS CIICIIalIbHOCTEH 3aKiany OCBITH SIK
KaHAWAATIB Ha OTPUMAHHS iHBECTHIIH 3a KpUTepieM MaiOyTHhOro HpHOyTKy. Po3poOieHO MeTOZ OIiHKH KOMIIO3HUINI SIKICHHUX
YHHHUKIB, SK-TO MPUBAOIMBICTH PUHKY Hpalli i KOHKYPEHTHOTO CTAaTyCy 3aKiady OCBITH Ta TPA€EKTOPil €BOIIOLIi CIEIiaJbHOCTI.
BxutiodeHHs TpaekTOpii €BOIIONIT CIIEiaIbHOCTI O iHTerpaIbHIX KpuTepiiB Moaeni McKinsey, 703BOMHIO HE TUTBKH, K IPHUHAITO
110 if METOAMKYM KOHKYPEHTHHUI CTaTyc BCTAHOBHUTH Ha IOTOYHUH Mepiof dacy, a MOTiM ioro 6e3 iCTOTHUX 3MiH €KCTPaIoIioBaTh Ha
BECh CTpaTeriyHuil mepiox, a i CIpOrHO3yBaTH KOHKYPEHTHHUH CTAaTyC 3a paXyHOK BpaxyBaHHS BIUIUBY TPEHIy €BOJIIOLIi KOHKPETHOT
crerianpHOCTi. [yt opmaizanii npuHHATTS pilIeHb B iHTENEKTYa bHIH CHCTEMI 3allpOIIOHOBAHO 3aCTOCYBATH CUCTEMY MiATPUMKH
NIPUIHATTS pillleHb, 3aCHOBAaHYy Ha BUKOPHCTAHHI amapaTry HEYITKUX MHOXKHH 1 HEYITKOI JIOTiKH. 3aCTOCYBaHHs amapaTry HediTKoi
JIOTIKH HaJIAJI0 3MOTY KOPUTYBATH i yTOYHIOBATH CTPATETiuHI MO3MLii KOKHO1 Oi13HEC-0ANHHIII TOPT(EITI0 IPOEKTIB TyalbHOI OCBITH.
TaxuM 9YMHOM, OTPUMAHO 3HAYHUU MPAKTHYHHUN €EeKT, OCKIIBKH 3aCTOCYBAHHS JaHOI HEUITKOI CHCTEMH IO3BOJISA€ MBUAKO OLIHUTH
MIPOTHO3HI MO3HLIT IPOEKTIB AyalbHOI OCBITH, 32 SKUMH OILIHIOIOTHCA i MaiOyTHIH KOHKYPEHTHHH CTaTyC OCBITHBOTO MPOAYKTY 1
cTpaTerii ynpaBiIiHHS UM IPOEKTOM.
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