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Abstract: - The assessment of the state of the innovation sphere of Poland in relation to the world level shows
that Poland has educational and scientific potential allowing to produce scientific ideas and developments but
the level of their commercialization remains low. As a result, Poland lags in terms of such criteria for the
development of innovation sphere as labor productivity and financial support for innovation activities. The
methodological basis of the study is the theory of fuzzy sets and the matrix approach — in modeling the
selection of strategies to stimulate innovative development of industrial enterprises. The construction of a
matrix of strategies is based on the diagnosis of the total potential of industrial enterprises and the level of its
implementation in the innovation sphere. Modeling of the selection of innovation development strategy for
industrial entities based on the use of fuzzy set theory in assessing the level of investment attractiveness and
innovation potential of enterprises is carried out. Based on the proposed methodological approach, the strategic
directions of innovative development of three Polish industrial enterprises are substantiated.
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1 Introduction

The current period of economic development is
characterized by active interaction and rapid
changes in production and digital technologies,
processes of intellectualization of labor, which are
defined by the concepts of the fourth industrial
revolution [1]. Economic growth and rating of the
country in the world economy are determined by its
intellectual capital, ability to generate new ideas and
implement them through innovation and investment
model of development [2, 3, 4]. The high level of
global competition in the market of industrial
products, the accelerated dynamics of its
technological renewal and digitalization determine
the urgency of the problems of effective stimulation
of innovation, the main subject of which is
traditionally industrial enterprises [5, 6, 7].

The global pandemic of 2020 exacerbated the
problems of access to financial resources and capital
markets but at the same time identified strategic
importance for each country of state support for
high-tech industries, including pharmaceuticals,
electronics and telecommunications equipment,
medical, high-precision and optical technology. The
development of such activities is based on
increasing the intellectualization of labor and
requires additional investment in the
commercialization of knowledge and therefore in
the innovation [8, 9, 10].

Stimulation of innovative activity in modern
economies is carried out by means of a complex of
economic tools and levers both in the system of
state regulation and market relations [5]. Of
particular importance are the issues of streamlining
economic instruments and levers to intensify
innovation. The solution of the outlined problems
requires the implementation of a systematic and
balanced state policy in order to increase the
efficiency of economic regulation of the innovation
sphere [11, 12, 13].

The mechanism for stimulating the innovative
activity of industrial enterprises is a component of
the model of innovative development of industry,
the economy as a whole and its regions, which
should ensure sustainable development [14, 15].
Sustainability (equilibrium, balance) is a state of
system development in which the actions of various
economic and other factors do not cause significant
deviations, i.e., development parameters remain
within acceptable limits or do not exceed the
allowable limits of the system according to its
development strategy [16].

On the other hand, the mechanism of
stimulating innovation should provide such
development that would be most effective for the
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current generation, while not harming any future
generation, therefore, the innovation mechanism
should be aimed at saving resources, both natural
and material, and increasing the welfare of the
population at the present stage [17, 18, 19].

The mechanism of stimulation of innovative
activity is a set of actions of administrative character
which interconnect and direct development of
innovative activity of economic entities in
accordance with mission and hierarchy of the long-
term purposes of development of entities [20].

Analysis of the organization of the functioning
of bodies for regulation of innovation activities
gives grounds to assert the lack of systemacity both
at the level of formation of the regulatory
framework and the activities of regulatory
institutions, in particular in the use of appropriate
tools [21, 22, 23]. Therefore, methodological
approaches to the formation of a system of
economic regulation of innovation processes in
Poland need improvement. Given the existing
approaches to understanding the essence of tools to
support innovation in industry, the following
definitions of the economic mechanism for
stimulating innovation in industrial enterprises are
proposed.

From the point of view of the system-structural
approach, the economic mechanism of stimulation
of innovative activity is a set of economic methods,
approaches, tools and levers of influence on
innovative activity at all stages of industrial activity
for the purpose of ensuring its competitiveness and
increasing its contribution to sustainable economic
development [24].

From the point of view of understanding the
economy and its mechanisms as a system of
relations, the economic mechanism of stimulation of
innovative activity is a set of procedures and rules
of economic relations of economic entities,
government institutions and other stakeholders
regarding increase in innovation activity at all stages
of industrial activity for the purpose of ensuring its
competitiveness and increasing its contribution to
sustainable economic development [26, 26].

The complexity of the processes of innovation
of industrial enterprises necessitates the use of a set
of criteria and indicators in the management of these
processes [27]. Another requirement, in addition to
systemacity, the availability of quality and regular
information for decision-making at various levels of
management and support for innovation. One of the
tools that is actively used in modern management
systems, taking into account the above
requirements, is the introduction of a monitoring
system [28].
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In a general sense, monitoring is a set of
program-methodological, organizational,
technological and other tools that provide regular
monitoring of the state of a particular object
according to a pre-developed methodology and
system of indicators [29].

Thus, as of today the theoretical and
methodological basis for the study of the innovation
sphere and its state regulation has been formed.
However, modern trends in the development of the
institutional structure of the innovation sphere, new
forms of stimulating the innovative activity of
industrial enterprises, taking into account their
specifics and the potential for development of
strategic industries, require a further study. The
importance of the studied issues for the domestic
economy is increased by the threatening trend of
declining industrial production, low share of
innovative products, the need to modernize industry
and find new models of its development. The
relevance, theoretical and practical significance of
these problems led to the selection of the topic of
the paper, its purpose, subject, object, and logic of
scientific study.

The purpose of the paper is to deepen the
theoretical and methodological principles and
develop scientific and practical recommendations
for modeling the selection of strategies for
innovative development of industrial entities in
order to justify the directions of their economic
stimulation and taking into account investment
attractiveness and innovation potential.

2 Methodology

Effective implementation of strategies for
innovative development of industries requires the
presence of internal economic incentives, primarily
at the enterprise level. Appropriate management
decisions on the selection of strategies for
innovative development at the micro level should be
based on factors related to the internal and external
environment of the enterprise, indicators of its
investment attractiveness. Such decisions require the
use of a broader information and analytical
framework, which is based on financial and other
types of reporting of the economic entity. In this
regard, it is proposed to carry out modeling of the
selection of innovation development strategy and
stimulation of its implementation at the micro level
taking into account two criteria: investment
attractiveness (X); innovation potential (V).

Given the complex nature of these criteria and
the level of testing of existing scientific and
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methodological approaches to their evaluation, it is
proposed to measure the level of investment
attractiveness and innovation potential of the
enterprise using fuzzy set theory and to classify the
obtained integrated assessments as follows:

1) for the criterion of "investment
attractiveness of the enterprise”, to use three levels
of values of integrated assessment: "very good",
"good", "bad";

2) for the criterion of "innovation potential of
the enterprise", to use four levels of values of

integrated assessment: '"very good", "good",
"satisfactory", "bad".
Determining the level of investment

attractiveness of the enterprise involves assessing a
set of indicators of its financial and economic
condition. =~ A  well-constructed model of
comprehensive analysis of investment attractiveness
should contain the optimal number of indicators that
reflect only those data that are of interest to the
manager or potential investor. In addition, the list of
indicators of the model should not include those
indicators that duplicate information. In opinion of
the authors, the balanced list of investment
attractiveness indicators is as follows [31, 32, 33]:

1. The financial independence/autonomy ratio

(Xl) that shows the share of own capital in the total
capital. The economically feasible value of this ratio
should be more than 0.5, i.e., the share of own
capital should be at least half of the total capital. It
is believed that the investor will be more willing to
invest in the company, the greater the share of own
capital in the total capital. As then the company is
more likely to be able to pay its obligations on its
own.

On the other hand, it should be understood that
the company will not be able to develop normally if
it does not attract external resources, at least in order
to replenish working capital.

2. Investment ratio (XZ) that characterizes the
adequacy of the own capital for covering fixed
assets and the participation of own capital in the
formation of assets. Economically feasible value is
more than 1. The higher the value of the indicator
compared to 1, the more stable the financial
condition of the enterprise.

3. Maneuverability coefficient (X3). Standard
value: 0.40-0.60. The increase in the value of this
coefficient characterizes the positive changes in the
financial condition of the enterprise, as it means that
it increases the ability to maneuver with own funds.
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4. Current liquidity ratio (X4) that determines
the ability of the company to meet its obligations at
the expense of current assets. It is believed that
current assets should be 1.5-2.5 times more than
debt obligations, i.e., the standard value of this
indicator is 1.5-2.5. In this case, the sale of current
assets provides settlement of liabilities. A very low
value of the ratio indicates a high probability of loss
of solvency, and too high value of the ratio indicates
an inefficient use of borrowed capital. The current
liquidity ratio shows how short-term liabilities are
covered by short-term assets, which will have to be
converted into money for a period equal to the
maturity of liabilities.

5. Return on assets ( XS) that shows the
amount of revenue from sales of products per 1 euro
of fixed assets. The greater the return on assets, the
more efficient the use of fixed assets, i.e., the capital
invested in them.

6. Along with the return on assets, it is
important to estimate the ratio of renewal of fixed

assets (X6 ), which characterizes the level of
physical and moral renewal of fixed assets. This
figure should be constantly increased but always
taking into account inflation.

7. Return on equity (X7 ) that characterizes the
efficiency of use of equity. It is believed that equity
is used effectively when its return exceeds the return
on long-term investments in the bank.

8. Return on total capital (Xg) that assesses
the operating efficiency of the enterprise.

9. Payables period (X9 ). This is the average
payment period of short-term debt. An increase in
the indicator indicates an increase in debt, but in
case of this increase it is necessary to pay attention
to the ratios of financial dependence and financial
stability.

10. Ratio of short-term receivables and payables

( Xl0) that shows what part of the accounts payable
the company can pay at the expense of its debtors
during the year. The standard value of this indicator
is equal to 1. The lower its value relative to 1, the
greater the likelihood of problems with credit

repayment.

11. Production profitability (X“) that shows
the efficiency of production costs. This indicator is
the most qualitative measure of the economic
efficiency of production, because it most accurately
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compares the amount of profit with the size of the
costs at which it is obtained.

12. Net profit ratio (Xlz) allowing the company
to increase its working capital and solvency. To
ensure self-sufficiency, the company must provide a
level of profitability of more than 5 % of turnover.

Analysis of these indicators does not require too
broad an information base and does not require
much time, it can be regarded as a rapid analysis.
Certainly, to make a final decision on the feasibility
of investing in the company, the investor may need
more information. But in order to take in the
situation and draw a minimum of conclusions, this
set of indicators is enough.

To assess the innovative potential of the
enterprise there is a need to take into account many
factors that are the basis for further calculation of
the integrated indicator of its level. As indicators of
resource provision of the enterprise for the purposes
of realization of its innovative potential it is
proposed to use a number of such indicators [34]:

1. Intellectual property ratio (yl ), which is
calculated as the ratio of the value of rights to
commercial designations, industrial property,
copyright and related rights to the wvalue of
intangible assets of the enterprise.

2. Proficiency ratio of personnel (y2)
involved in the innovation activities of the
enterprise, which is the ratio of the number of
employees with higher education to the total number
of employees involved in the innovation activities.

3. Ratio of enterprise provision with
equipment necessary for the innovation activities

(y3 ), which is calculated as the ratio of the cost of
production equipment related to technological
innovations to the cost of all production equipment.

4. New technology insertion ratio (y4 ), which
is the ratio of the value of the introduced fixed
assets to the average annual value of fixed assets of
the machine-building enterprise.

5.  Ratio of mastering of new products (yS ),
which is the volume of sales of new products in
value terms divided by the total sales of the
enterprise for a certain period of time.

6. Innovation growth ratio (yﬁ), which is
calculated as the ratio of enterprise costs for
innovation for a certain period of time to the total
costs of the enterprise for the same period.

Given the complex nature of the criteria of
investment attractiveness and innovation potential, it
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is proposed to quantify them using fuzzy set theory
and methods of integrated assessment, in particular,
double convolution formulas:

m 5
x_m=» A > B xR, (x),
i=1 j=1 (1)
n 5
y_n= ZAkZBJ’ x Rkj(Yk)’
k=1 =1 (2)
A, and A weights of 1-th and K-th
Rij(Xi)and

where

basic indicators in the convolution;
Rkj (Xk)

quality level relative to the current value of 1-th and

— values of membership functions of ) th

K _th basic indicators; B, _ nodal points of the
standard five-level fuzzy 01-classifier, which value
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for indicators for which the increase in the value of
the indicator corresponds to the improvement of the
characteristic is calculated by the formula:
B =0.1+0.2x(j—1),

(3)
and for indicators for which the increase in the
value of the indicator corresponds to the

deterioration of the characteristic — by the formula:
B, =09+02x(—D. @)

The standard five-level fuzzy Ol-classifier is
based on 01-support and allows to describe the five
values of the linguistic variable "indicator level":
"very low", "low", "medium", "high" and "very
high".

A system of five trapezoidal membership functions is used to describe subsets of the values of the

linguistic variable "indicator level":

Lif0<x, <0.15

R, (x,)=110x(0.25—x),if 0.15 < x, <0.25

0,if 0.25<x <1
L,if0<x, <0.15

"very low":

R, (x,) =4Lif 0.25<x, <0.35

"o 0,if 045<x. <1
low": i
’O,if 0<x,<0.35

R (x)=11,if 0.45<x, <0.55

0,if 0.46 <x <1

"medium";

0,if 0 <x <0.55

R,,(x,) =41if 0.65<x, <0.75

0,if 0.85<x, <1
0,if 0<x, <0.75

"high""

R.(x)=
(%) Lif 0.85<x, <1

"very high":
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)

10x(0.25—x,),if 0.15< x, <0.25

10 x (0.45 — x,),if 0.35 < x. < 0.45

(6)

10 x (x, — 0.35),if 0.35 < x, < 0.45

10x(0.65-x,),if 0.55<x, <0.65

(7

10 x (x, —0.55),if 0.55 < x, < 0.65

10 x (0.85—x,),if 0.75 < x. < 0.85

(®)

10 x (x, —0.75),if 0.75 < x, < 0.85

)
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In formula (1) X (yk) is 01-support, and membership functions built on the basis of this system are given
in Figure 1.

12

1
_ 0.3
0.6
—_— 04
0.2
0

0 0.1 02 03 0.4 05 0.6 0.7 0S8 0.9

Figure 1. Standard five-level fuzzy 01-classifier built on the basis of trapezoidal membership functions

membership functions for any A, or Ay is equal to

one, which indicates the consistency of the

The nodal points of the standard five-level fuzzy

01-classifier R, () are, on the one hand, the classifier.
abscissas of the maxima of the corresponding As for the weights of the basic indicators in the
membership functions on 01-support, and, on the convolution a, and "a", in this case it is advisable to
other hand, evenly spaced on Ol-support and determine them by expertise using the Fishburne
symmetric with respect to the nodal point 0.5, scale [35].

Each basic indicator of the enterprise
namely these are points 0.1; 0.3; 0.5; 0.7; 0.9. These x,(1=1,m) and Y« (=1n) is matched with the

points act as weights when aggregating the system
of indicators at the level of their qualitative states.
Thus, the nodal points reduce the set of non-

estimate of weight, that is the following system of
weights is constructed:

standard classifiers (with their asymmetrically zAi =1 ZAk =1

located nodal points) to a single classifier of A, 20, and<A, =0,

standard form, with the simultaneous transition from )

a set of non-standard supports of individual factors i=1m k=1n. (10)

to the standard 01-support. : .
The essence of tliepﬁve-level fuzzy 01-classifier where A ) and A ith and K-th basic

is that if nothing is known about the indicator, indicators; 1 and K — ordinal numbers of the

except that it can take any value within the 01- indicators; n and m — number of the basic indicators

support, and it is necessary to make an association on the basis of which integrated indicators X and Y

between qualitative and quantitative estimates of the are determined.

indicator, the proposed classifier does so with
maximum reliability. With that the sum of all
According to the Fishburne principle, the basic indicators are ranked in descending order of weight

of X, =X, =X, ==X == Xmand Vi=Y,~Y; =Y, ... >Y, (the sign " " means that
the expert considers a certain pair of indicators to be equivalent), and after ranking their weights are calculated
by formulas:
= 2x(m—i+1) and A, — 2x(n—k+1
mx(m-+1) nx(n-+1) (11)

The Fishburne rule reflects the fact that nothing The resulting weighting factor is calculated as
is known about the level of weight of indicators the arithmetic mean of the weights determined by
except their hierarchy. Then the estimate (11) each of the experts.

corresponds to the maximum entropy of the
available information uncertainty about the object of
study.
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3 Results and Discussion
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The selection of innovation development strategy taking into account the levels of investment
attractiveness and innovation potential of an industrial enterprise is proposed to be carried out using the matrix

given in Table 1.

Table 1. Matrix for selection of the strategy of innovative development of an industrial enterprise taking into
account its investment attractiveness and innovation potential

Enterprises with a high level of investment
attractiveness and innovation potential are proposed
to select the generator active strategy (leadership
strategy) for innovative development. This strategy
is applied to a limited range of products for which
release favorable conditions (scientific and technical
potential, resources, environment) are created.
Scientific studies conducted by economic entities —
innovation generators — are aimed at production of
innovative products in order to displace competitors
and enter new markets. Technological and market
leadership is based on the development of basic,
radical innovations. The implementation of the
leadership strategy requires thorough research: a
wide front of research work; constant review of the
most important results of research in order to
implement them in production; operational changes
in funding priorities depending on the expected
marketing results [12]. Patent licensing measures
require special attention.

The active innovator strategy (follow the leader)
focuses attention on expanding market positions
[16]. An enterprise concentrates on innovations
(products) that have recently appeared in the market.
An economic entity needs to keep in the second
position in the group of applicants for the first
position, to implement an effective innovation
policy, constantly monitor the research and
development of the technological leader and focus
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—
> 23 . . .
= § g Market niche strategy Active innovator strategy Active generator strategy
q; =]
2
= 9l g ,
= trategy for targeting knowledge- . .
5 8 ey 1 geting knowledg "Preemptive strike" strategy Challenge strategy
2 &) intensive firms
e
5 2
g 5
é £ Opportunistic strategy Differentiation strategy Price leadership strategy
g g
0 9]
w2
=
5 9 : : o
E ES Innovative change strategy Expectation strategy Simulation strategy
Bad Good Very good
Enterprise investment attractiveness level in the market (X)
on creating scientific achievements in these

activities to reduce time and effort of scientific and
technical preparation of innovative products before
entering the market. Economic entities that adhere
to this strategy patent their own innovations, which
are based on the innovations of the technological
leader [14]. The active innovator strategy is
proposed for industrial entities with a satisfactory
level of investment attractiveness and high
innovation potential.

A differentiation strategy implies the company's
desire for uniqueness in any aspect important to
customers [24]. Differentiation strategies become
relevant when consumer demands become diverse
and cannot be met by standard products. A
successful differentiation strategy can only be based
on a study of consumer demand. A competitive
advantage can be expected in the case when a large
number of buyers will be interested in purchasing
products with differentiated (i.e., different from
those produced by competitors) characteristics.
Differentiation can be based on differences in the
taste properties of the product, its design, service,
completeness of the range, reliability, safety.

An innovative change strategy is characteristic of
enterprises with low innovation potential and
investment attractiveness. The main reason for this
situation is outdated uncompetitive products on the
market. For innovative development of such
enterprise it is important to carry out economic
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stimulation of professional development of the
personnel of an enterprises in a part of its innovative
culture, generation of new ideas and developments
for updating of products.
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Table 2 presents the resulting weighting
coefficients of the basic/partial indicators of
investment attractiveness of an enterprise calculated
by formula (11) according to their ranking by

experts.
Table 2. Calculation of the weighting coefficients of the basic indicators that characterize the investment
attractiveness of an enterprise, according to their ranking by experts

Expert Weighting coefficients of the basic indicators that characterize the investment attractiveness of an
X, X, X, X, X, X, X, X4 X, X0 X, X,,

1 0.122 | 0.122 | 0.013 | 0.077 | 0.064 | 0.026 | 0.154 | 0.141 | 0.044 | 0.044 | 0.103 | 0.090

2 0.154 | 0.045 | 0.045 | 0.141 | 0.103 | 0.090 | 0.121 | 0.121 | 0.064 | 0.077 | 0.026 | 0.013

3 0.096 | 0.019 | 0.019 | 0.090 | 0.077 | 0.064 | 0.154 | 0.121 | 0.045 | 0.045 | 0.121 | 0.142

4 0.103 | 0.051 | 0.038 | 0.090 | 0.071 | 0.071 | 0.141 | 0.154 | 0.019 | 0.019 | 0.122 | 0.122

5 0.141 | 0.122 | 0.013 | 0.154 | 0.096 | 0.096 | 0.077 | 0.122 | 0.045 | 0.025 | 0.045 | 0.064

6 0.141 | 0.090 | 0.019 | 0.019 | 0.154 | 0.051 | 0.122 | 0.122 | 0.103 | 0.038 | 0.077 | 0.064

7 0.122 | 0.051 | 0.019 | 0.122 | 0.071 | 0.071 | 0.096 | 0.154 | 0.038 | 0.019 | 0.096 | 0.141
Resulting

weighting 0.126 | 0.071 | 0.024 | 0.100 | 0.091 | 0.067 | 0.124 | 0.134 | 0.051 | 0.038 | 0.084 | 0.090
coefficient

Table 3 presents the resulting weighting coefficients of the basic/partial indicators of the level of innovation
potential of an enterprise calculated by Formula (11), according to the data on their ranking by experts.
Table 3. Calculation of weighting coefficients of the basic indicators that characterize the level of innovation
potential of an enterprise, according to their ranking by experts

Weighting coefficients of the basic indicators
Expert that characterize the level of innovation potential of an enterprise
Y\ Y, Y5 Y Ys Ys
1 0.048 0.262 0.262 0.167 0.167 0.094
2 0.071 0.071 0.262 0.262 0.191 0.143
3 0.049 0.095 0.190 0.190 0.190 0.286
4 0.095 0.286 0.238 0.166 0.049 0.166
5 0.048 0.238 0.286 0.190 0.145 0.095
6 0.167 0.071 0.071 0.262 0.167 0.262
7 0.190 0.143 0.238 0.095 0.048 0.286
Resulting
weighting 0.095 0.167 0.221 0.190 0.137 0.190
coefficient

The method of modeling the selection of the strategy of innovative development of three machine-building
enterprises of Poland is tested in the paper: ‘Electron’ LLC, LEONI LLC and ‘Atom’ PJSC. The calculation of
the integrated indicators for the positioning of the enterprises in the matrix for the selection of a strategy to
stimulate innovation activity was carried out in the application software package Math CAD. To illustrate the
sequence of their calculation, an example of calculating the integrated indicators of the matrix for the selection
of an innovation development strategy for ‘Electron’ LLC is given in tabular form (Table 4-5).

Table 4. Data for estimating the integrated indicator X m

Membership functions for values of basic indicators according to the standard five-

Weighting level fuzzy 01-classifier

Normalized values

of basic indicators coefﬁmgnts of " " "Low" "Medium" "High" Yerzf
basic indicators| "Very low high
R,(x) | Ru(x) | R,(x)
Ril(Xi) ' ' RiS(Xi)
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The calculation based on these tables by
formulas (1) and (2) gives the following coordinates
for the positioning of "Electron” LLC in the matrix
for the selection of the strategy to encourage
innovation activity: X m = 0.519 and Y_n = 0.343.
If the quantitative estimation of the integrated
indicators X m and Y _n can be carried out by
formulas (1) and (2), to recognize the linguistic
levels of these indicators it is necessary to use not
the standard five-level 01-classifier, but three- and
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X1 =0.90 A= 0.126 0 0 0 0 1
X2 =0.90 A 0.071 0 0 0 0 1
X5 = 078 A 04 0 0 0 0.62 0.38
Xy =0.67 AL 0100 0 0 0.14 0.86 0
Xs = 037 A (o091 0 0.64 0.36 0 0
Xe = 027 Ag_0.067 0.18 0.82 0 0 0
X,— 028 A7:0.124 0.11 0.89 0 0 0
Xs =0.30 Ag= 134 +0 1 0 0 0
X=070 | “i0-0.038 0 0 0 ! 0
Xi2030 | Aii=0.084 0 ! 0 0 0
X2 = 0.57 AL, Z0.09 0 0 0.66 0.34 0
Nodal points (B! 0.1 0.3 0.5 0.7 0.9
X9 =0.52 Ay 20,051 0 0.1 0.9 0 0
Nodal points B) 0.9 0.7 0.5 0.3 0.1
Table 5. Data for estimating the integrated indicator Y n
Membership functions for values of basic indicators according to the standard five-
Normalized Weighting level fuzzy 01-classifier
e || eyl | TLow' | | HE | e
R, (x) | R,(&x) R,(x,) | R.,(x) R (x)
Vi 0.46 A\ 0095 0 0.21 0.79 0 0
Y2 =0.50 As o167 0 0 ! 0 0
Y =030 Ay 21 0 1 0 0 0
Ve = 0.48 A, Z 0190 0 0.1 0.9 0 0
Yiz 0.25 A _ 137 0.27 0.73 0 0 0
Yoz 0.13 Ag Z 0190 0.86 0.14 0 0 0
Nodal points (23 0.1 03 0.5 0.7 0.9
four-level 01-classifiers, with subsets "Bad",

"Good", "Very good" of the linguistic variable
"Indicator level", in case of the three-level classifier,
and with subsets "Bad", "Satisfactory", "Good",
"Very good", in case of the four-level classifier. The
transition from five levels to three and four levels is
due to the fact that the matrix for the selection of the
strategy to encourage innovation activity of
enterprises has a dimension of 4x3 (12 positions in
total).
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The rule for recognizing the linguistic values of the integrated indicators X m and Y n calculated by

formulas (1) and (2) are presented in Tables 6-7, respectively.

Table 6. The rule for recognizing the linguistic values of the integrated indicator X _m — the level of investment

Nadya Mironova, Hanna Koptieva,

Iryna Liganenko, Ayta Sakun, Daryna Chernyak

attractiveness of an enterprise in the market

Value range

Classification of the levels of investment

Level of assessment confidence

X m attractiveness of an enterprise in the market (membership function)
0<X m<0.2 Bad Rl:l
R, =5%x(04—-X m
02<X m<04 Bad ! ( _m)
B Good R, =1-R,
04<X m<0.6 Good R, =1
R, =5x(0.8—X m
0.6<X m<0.8 Good . ( _m)
- Very good R3 =1- Rz
08<X m<1.0 Very good R, =1

Table 7. The rule for recognizing the linguistic values of the integrated indicator Y n — the level of innovation

potential of an enterprise

Y _n value range

Classification of the levels of innovation potential

of an enterprise

Level of assessment confidence
(membership function)

0<Y n<0.2 Bad R, _,
02<Y _n<03 Bad R, =10x(0.3-Y n)
B Satisfactory R, =1-R,
03=<Y_n<045 Satisfactory R, =1
045<Y n<0.55 Satisfactory R, =10x(0.55—-Y n)
Good R,=1-R,
0.55<Y n<0.7 Good R, =1
0.7<Y n<0.8 Good R, =10x(0.8—Y n)
B Very good R, =1-R,
0.8<Y n<l1 Very good R, =1

When recognizing according to these rules the

linguistic values of the integrated indicators X m
and Y n calculated for "Electron" LLC, one can
position the level of the indicator X m of the
enterprise as "Good", and the level of the indicator

Y _n as "Satisfactory".

Similarly, the assessment of integrated indicators
and positioning in the matrix for the selection of the
strategy to encourage innovation activity for other
enterprises was carried out. In particular, for LEONI
X m = 0392, and Y _n

these values

Based on the carried out calculations one can position the machine-building enterprises under study in the

0.364. Recognition of "Bad".

using the rules given in Table 6-7 indicates that the
level of investment attractiveness of the enterprise
in the market is 96% "Good" and 4% "Bad", and the
level of innovation potential is 100% "Satisfactory".
As for "Atom" PJSC, X m = 0.221, and Y n =
0.167. When recognizing the linguistic values of
these integrated indicators, one can position the
level of the indicator X _m as 90% "Bad" and 10%
"Good", and the level of the indicator Y_n as 100%

matrix for the selection of the strategy to encourage innovative activity (Figure 2).
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Figure 2. Positioning of industrial enterprises in the matrix for the selection of
the strategy for innovation development

As a result of positioning of three machine-
building enterprises the following results were
obtained.

"Atom" PJSC fell into the area of

application of the strategy of innovative changes, as
it is characterized by a low level of investment
attractiveness and innovation potential.
"Electron" LLC and LEONI LLC fell into
the area of application of the differentiation strategy,
as they are characterized by a medium level of
investment attractiveness and a satisfactory level of
innovation potential. However, by the first
parameter, i.e., the level of investment attractiveness
of the enterprise in the market, LEONI LLC is still
quite close to the area of application of opportunistic
strategy.

Thus, based on the carried out studies and
calculations, the following strategies to stimulate
innovation activity can be proposed for each of the
machine-building enterprises considered in the
paper:

For "Atom" PJSC, it is advisable to apply
the strategy of innovative changes, the essence of
which is to upgrade production.

For "Electron" LLC and LEONI LLC, it is
advisable to implement a differentiation strategy,

E-ISSN: 2224-2899
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which is more competitive than innovative. Its
essence for these machine-building enterprises
consists in the introduction of innovations that
improve the existing product range in accordance
with consumer needs.

Under conditions of limited access to financial
resources, global competition in the market of
industrial technologies, such tax incentives can
become perspective directions of the state support
for innovative activity of the above and other
industrial entities:

1) establishment of the annual rate of accelerated
depreciation of the third and fourth groups of fixed
assets for enterprises implementing innovative
projects;

2) for innovative enterprises, payment of land tax
in the amount of 50% of the current tax rate,
reduction by 50% of value added tax and tax for
income received from the implementation of
innovative projects (funds are credited to a special
account of the taxpayer and used exclusively to
finance innovation activity);

3) introduction of a research tax credit for
enterprises that do not have the innovative status.
Their stimulation consists in reduction of the
accrued income tax by an amount equal to the share
of costs for innovation activity in the current year,
but not more than 50%.
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Additional support is also required by national
enterprises that use the sixth technological mode
(biotechnology, nanotechnology, photonics,
artificial intelligence) in the production process, in
particular, in terms of exemption from customs
duties and value added tax on raw materials,
equipment, components and other products, which
are not produced in Poland.

5 Conclusion

In the paper, selection modeling of innovation
development strategy for industrial entities (micro
level) on the basis of indicators of their investment
attractiveness and innovation potential was carried
out. Such approach allows to adapt as much as
possible the process of making decisions in
uncertain market conditions, taking into account the
financial and economic condition of each enterprise,
regional and sectoral conditions of their
development and competitiveness, strengths and
weaknesses in innovation activities.

The matrix approach in selection modeling of
innovation development strategy of an economic
entity was tested for three enterprises of the
machine-building industry of Poland. It is
emphasized that to implement the proposed
innovation strategies at the enterprise level with
maximum support from the state and private
investors, it is important, firstly, to place
information on indicators of innovation activity and
investment potential on the company website,
secondly, to develop an innovative project that
implements the selected strategy, including in
cooperation with participants of an industrial or
regional cluster or innovation park, and thirdly, to
register the project with the Ministry of Science and
Higher Education of Poland, which maintains an
electronic database of such initiatives.

References:

[1] Dastgerdi A. S., Sargolini M., Pierantoni I.,
Stimilli F. Toward an innovative strategic
approach for sustainable management of
natural protected areas in Italy, Geography,
Environment, Sustainability, Vol.13, No.3,
2020, pp. 68-75. DOI: 10.24057/2071-9388-
2019-143

[2] Viatdmanescu E.M., Cegarra-Navarro J.G.,
Andrei A.G., Dinca V.M., Alexandru V.A.
SMEs strategic networks and innovative
performance: a relational design and
methodology for knowledge sharing, Journal of
Knowledge Management, Vol.24, No.6, pp.
1369-1392. DOI: 10.1108/JKM-01-2020-0010

E-ISSN: 2224-2899

Nadya Mironova, Hanna Koptieva,
Iryna Liganenko, Ayta Sakun, Daryna Chernyak

[3] Padash A., Ghatari A. R., Toward an
Innovative  Green Strategic = Formulation
Methodology: Empowerment of corporate
social, health, safety and environment. Journal
of cleaner production, Vol.261, 2020, p.
121075. DOI: 10.1016/j.jclepro.2020.121075

[4] Crupi A., Del Sarto N., Di Minin A., Phaal R.
Piccaluga A., Open innovation environments as
knowledge sharing enablers: the case of
strategic technology and innovative
management consortium, Journal of
Knowledge Management, Vol. 25, No. 5, 2021,
pp. 1263-1286. DOI: doi.org/10.1108/JKM-06-
2020-0419

[5] Sen D., Bingol S., Vayvay O., Strategic
enterprise ~ management for  innovative
companies: The last decade of the balanced
scorecard. International Journal of Asian Social
Science, Vol. 7, No. 1, 2017, pp. 97-109. DOI:
10.18488/journal.1/2017.7.1/1.1.97.109

[6] Michaelis T.L., Pollack J.M., Hu X.J., Carr
J.C., McKelvie A., Metacognition and
entrepreneurial action: The mediating role of a
strategic mindset on promoting effort and
innovative behavior in frugal entrepreneurs.
Journal of Business Venturing Insights, Vol.
16,2021. 10.1016/1.jbvi.2021.e00283

[7] Musa S.M., Mamun S.A., Business Model
Innovation as Strategic Renewal Process: A
Case of China’s Most Innovative Firm. Global
Business Management Review, Vol. 10, No. 2,
2020, pp. 1-18.

[8] Ozbey D.O., Kapusuz A.G., Do the strategic
innovative organizations reduce social loafing
behaviors?. Independent Journal of
Management & Production, Vol. 11, No. 6,
2020, pp. 2005-2019.

[9] Huang R., Ye X., The Realistic Circumstances
and Innovative Paths of Strategic Development
of Universities in the New Era. International
Journal of Social Science and Education
Research, Vol. 4, No. 9, 2021, pp. 180-190.

DOI : 10.6918/IJOSSER.202109_4(9).0030

[10] Abdulla H.T., Mahmood S.A., The role of
strategic direction in achieving innovative
marketing. Analytical and descriptive research
for the opinions of a sample of workers in
Asiacell Communications Company. AL-Anbar
University  journal of Economic and
Administration Sciences, Vol. 13, No. 2, 2021,
pp. 86-104.

[11] Dias E., Strategic Management of Educational
Institutions  Enabling  Transformation to
Excellent Education Innovative Centers in

Volume 19, 2022



WSEAS TRANSACTIONS on BUSINESS and ECONOMICS
DOI: 10.37394/23207.2022.19.26

India. International Journal of Management,
Technology, and Social Sciences (IIMTS), Vol.
3, No. 1, 2018, pp. 25-36.

[12] Chowdhury P.R, Adoption Of Intention To
Apply Strategic Innovative Work Behaviour At
Workplace. Ilkogretim Online, Vol. 20, No. 1,
2021, pp. 2487-2494.

[13] Trapp J.H., Kerber H., Schramm E.,
Implementation and diffusion of innovative
water infrastructures: obstacles, stakeholder
networks and strategic opportunities for
utilities. Environmental Earth Sciences, Vol.
76, No. 4,2017, p. 154.

[14] Tamayo-Orbegozo U., Vicente-Molina M.A.,
Villarreal-Larrinaga 0., Eco-innovation
strategic model. A multiple-case study from a
highly eco-innovative European region. Journal
of Cleaner Production, Vol. 142, 2017, pp.
1347-1367.

[15] Yapicioglu B., Mogbo O.N., Yitmen I,
Innovative strategies for transport policies in
infrastructure development: Nigerian
stakeholders’ perspective. International Journal
of Civil Engineering, Vol. 15, No. 5, 2017, pp.
747-761.

[16] Turhan G., Akdemir A., Innovative
Investments and Strategic Success Criteria in
the Global Market: Hassan Textile Company
Case Analysis in the Technical Textiles Sector.
An Interdisciplinary = Approach to the
Management of Organizations, Vol. 9, 2021.

[17] Bases of Assessment of Innovative Potential of
Industrial Enterprises. International Journal of
Progressive Sciences and Technologies, Vol.
22, No. 2, 2020, pp. 11-18.

[18] Jabbar A.A., Hussein A.M., The role of
leadership in strategic management.
International Journal of Research-
Granthaalayah, Vol. 5, No. 5, 2017, pp. 99-106.

[19] Hitt M., Duane Ireland R., The intersection of
entrepreneurship and strategic management
research. The Blackwell handbook of
entrepreneurship, 2017, pp. 45-63.

[20] Ketchen D.J., Craighead C.W., Research at the
intersection of entrepreneurship, supply chain
management, and strategic management:
opportunities  highlighted by COVID-19.
Journal of Management, Vol. 46, No. 8, 2020,
pp. 1330-1341.

[21] Teece D.J., A capability theory of the firm: an
economics and  (strategic) management
perspective. New Zealand Economic Papers,
Vol. 53, No. 1, 2019, pp. 1-43.

[22] Agwu M.E., Analysis of the impact of strategic
management on the business performance of

E-ISSN: 2224-2899

290

Nadya Mironova, Hanna Koptieva,
Iryna Liganenko, Ayta Sakun, Daryna Chernyak

SMEs in Nigeria. Academy of Strategic
Management Journal, Vol. 17, No. 1, 2018, pp.
1-20.

[23] Sullivan K., Thomas S., Rosano M., Using
industrial ecology and strategic management
concepts to  pursue the  Sustainable
Development Goals. Journal of cleaner
production, Vol. 174, 2018, pp. 237-246.

[24] Farrukh M., Shahzad 1.A., Meng F., Wu Y.,
Raza A., Three decades of research in the
technology analysis & strategic management: a
bibliometrics analysis. Technology Analysis &
Strategic Management, Vol. 33, No. 9, 2021,
pp- 989-1005.

[25] Honggowati S., Rahmawati R., Aryani Y.A.,
Probohudono A.N., Corporate governance and
strategic management accounting disclosure.
Indonesian Journal of  Sustainability
Accounting and Management, Vol. 1, No. 1,
2017, pp. 23-30.

[26] Cescon F., Costantini A., Grassetti L., Strategic
choices and strategic management accounting
in large manufacturing firms. Journal of
Management and Governance, Vol. 23, No. 3,
2019, pp. 605-636.

[27] Knight E., Daymond J., Paroutis S., Design-led
strategy: how to bring design thinking into the
art of strategic management. California
Management Review, Vol. 62, No. 2, 2020, pp.
30-52.

[28] Drnevich P.L., Mahoney J. T., Schendel D.,
Has strategic management research lost its way.
Strategic Management Review, Vol. 1, No. 1,
2020, pp. 1119-1127.

[29] Demir F., A strategic management maturity
model for innovation. Technology innovation
management review, Vol. 8, No. 11, 2018.

[30] Hoglund L., Holmgren Caicedo M.,
Martensson M., Svirdsten F., Strategic
management in the public sector: how tools
enable and constrain strategy making.
International Public Management Journal, Vol.
21, No. 5, 2018, pp. 822-849.

[31] Ongaro E., Ferlie E., Strategic Management in
public organizations: Profiling the public
entrepreneur as strategist. The American
Review of Public Administration, Vol. 50, No.
4-5, 2020, pp. 360-374.

[32] Lak A., Gheitasi M., Timothy D.J., Urban
regeneration through heritage tourism: cultural
policies and strategic management. Journal of
Tourism and Cultural Change, Vol. 18, No. 4,
2020, pp. 386-403.

[33] Barney J.B., Mackey A., Monopoly profits,
efficiency profits, and teaching strategic

Volume 19, 2022



WSEAS TRANSACTIONS on BUSINESS and ECONOMICS
DOI: 10.37394/23207.2022.19.26

management. Academy of Management
Learning & Education, Vol. 17, No. 3, 2018,
pp. 359-373.

[34] Meyer G.D., Neck H.M., Meeks M.D., The
entrepreneurship- strategic management
interface. Strategic entrepreneurship: Creating a
new mindset, 2017, pp. 17-44.

[35] Wirtz B.W., Miiller WM., Weyerer J.C.
Digital pandemic response systems: a strategic
management framework against Covid-19.
International Journal of Public Administration,
Vol. 44, No. 11-12, 2021, pp. 896-906.

Author Contributions:

Conceptualization, N.M. and H.K.; methodology,
N.M.; software, IL.; validation, A.S.; formal
analysis, D.C.; investigation, H.K.; resources, L.L.;
data curation, A.S.; writing—original draft
preparation, D.C.; writing—review and editing,
N.M.; visualization, H.K.; supervision, L.L.; project
administration, A.S.; funding acquisition, D.C.
All authors have read and agreed to the published
version of the manuscript.

Funding:

This research received no external funding.

Creative Commons Attribution License 4.0
(Attribution 4.0 International, CC BY 4.0)
This article is published under the terms of the
Creative Commons Attribution License 4.0

https://creativecommons.org/licenses/by/4.0/deed.en
_US

E-ISSN: 2224-2899

291

Nadya Mironova, Hanna Koptieva,
Iryna Liganenko, Ayta Sakun, Daryna Chernyak

Volume 19, 2022


https://creativecommons.org/licenses/by/4.0/deed.en_US
https://creativecommons.org/licenses/by/4.0/deed.en_US



