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The article investigates the relationship bet-
ween market concentration and innovation activity
across sectors of the Ukrainian economy using
modern analytical tools. The aim of the research is
to identify and quantitatively assess the causal links
between market concentration, enterprise profita-
bility, and the level of innovation activity. The
analytical base includes data from 33 sectors of
the national economy. In the first stage, methods
of cluster analysis, regression modeling, mutual
information, and Bayesian networks were applied
to identify potential causal relationships, followed
by the construction of a structural equation model
with direct and indirect effects. The results show
that market concentration has a negative direct
impact on sectoral innovation activity, while
indirect channels through profitability and return
on assets are statistically insignificant. This
indicates that increased competition stimulates
innovation development, whereas excessive con-
centration suppresses innovation. The nonlinear
(U-shaped) relationship between concentration
and innovativeness was not confirmed. The practi-
cal significance of the research lies in the
possibility of using the results to improve compe-
tition and innovation policies, design cluster
development strategies, and identify sectors with
the greatest potential for innovation stimulation.
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PUHKOBA KOHLEHTPALIA TA
IHHOBAL|INHA AKTUBHICTb:
CTATUCTUYHUI AHANI3

Buknaoeno pezynomamu oocnioocenus 3aemo-
38’AA3KY MIdIC PIGHEM DUHKOBOI KOHYeHmpayii ma
IHHOBAYIUHOIO AKMUBHICMIO 2aJIY3€ll eKOHOMIKU
VYxpainu 3 suxopucmannsam cyuacrnoeo incmpymen-
mapiro. Memorw 0ocniOdiceHHs € BUAGIEHHA Md
KIbKICHA OYIHKA NPUYUHHO-HACTIOKOBUX 38 3Ki8
MIDIC  KOHYEHmpAyicio PUuHKy, NPuOymrosicmio
nionpuemMcme i pigHem [HHOBAYIUIHOI OBLILHOCHII.
Amnanimuuny 6a3y cmamosename oani 33 eanyseli
HAYIOHAILHOI eKOHOMIKU. 3acmocoeano memoou
KIIACMEPHO20 AHANIZY, PeSpecilino20 MOOeNO8aHH,
83a€MHOI iHhopmayii ma darieciecbKux mepedic sl
BUABTICHHST NOMEHYIUHUX KAY3aAbHUX 36 3KI8, a
mMakoxc nobyooeano mooenb CMPYKmMypHUX pie-
HAHb 13 APAMUMU A ONOCEPEOKOBAHUMU eqheK-
mamu. Ompumani pe3yiomamu HOKa3aau, Wo pu-
KO6A KOHYEeHmMpayis Mae He2amueHuil npsmuil
6NIUB HA THHOBAYIIIHY AKMUBHICIMb 2ay3el, mooi
5K ONOCEPEOK0BAHT KAHAIU Yepe3 NPUOYmMKoGiCmb i
penmadenbHicms € CMAmUCIMUYHO He3HAYYUUMU.
L]e cioyums npo me, wjo niOBUUeHHS KOHKYPEHYIT
CMUMYTIIOE THHOBAYTIIHUL PO3BUTNOK, 30KPeMA HAO-
MipHa KoHyenmpayis npuenivye innoeayii. Heniniti-
nutl (U-nodibnuil) 36 30K Midc KOHYEHMpPAyiero
ma inHosayiliHicmio He niomeepouscs. Ilpaxmuune
3HAYEHHs. OOCTIOJICEHHsl NONA2AE Y MONCIUBOCHIE
BUKOPUCAHHS  Pe3yIbmamie Ot YOOCKOHANIeHHS
KOHKYPEHMHOL ma iHHOBAYIIHOI nomimuKy, gopmy-
BAHHSL KIACMEPHUX CIMPAmMe2iti 1 GUHAYEHHSL CEeKMOo-
Pi6 3 NOMeHYianom 015l CIMUMYTIOBAHHSL THHOBAYII.

Knwouoei cnoea: Tamy3b, pUHKOBAa KOH-
LEHTpallisl, 1HHOBAaLiifHA aKTHWBHICTh, MPUOYTKO-
BICTB, (haKTOp.
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STATE AND ECONOMY

Introduction

The scientific discussion on the impact of market concentration on the
innovative activity of companies does not lose its relevance. Experts consider
the issue of the relationship between the level of competition and innovation,
the rationality of innovation in certain market structures, the feedback effect
of innovation on the dynamics and structure of markets, and factors
stimulating innovative activity. OECD publications (OECD, 2023) state that
competition policy plays a key role in stimulating innovation and its driving
factors. However, fundamental theories also support the thesis that high
concentration can both stimulate the development of new technologies due
to the available resources of large companies and restrain them by reducing
competition. Establishing a statistically proven relationship between market
concentration in industry markets and innovation activity is a particularly
important scientific and practical task for substantiating the state policy of
Ukraine on stimulating innovation, antitrust policy, and strategic planning for
the development of domestic enterprises in the context of macroeconomic
stabilization and post-conflict economic recovery.

According to Schumpeter (1942), in monopoly markets, large
companies have comparatively better resources to finance innovation.
Further scientific discussion has led to the conclusion that monopoly can
reduce the incentives for innovative activity, since an individual company
does not have competitive pressure (Arrow, 1962; Nelson & Winter, 1982).
More recent empirical studies establish an inverse relationship between the
level of competition and innovation and substantiate the thesis that moderate
competition contributes to maximum innovative activity (Aghion et al., 2005).
Scholars Ali et al. (2025) prove that in highly concentrated markets,
companies tend to prefer short-term innovation policies due to the limited
number of entities that compete aggressively to increase or maintain their
market share. In support of Schumpeter’s (1942) concept, but with a different
justification, it has been proposed that industry sectors with increasing
concentration tend to attract a large share of researchers with a simultaneous
decrease in research and development productivity (Manera, 2022). At the
same time, in studies by foreign scholars (Wang et al., 2025; Ma & Li, 2025),
market competition is indicated as a key or indirect factor for enhancing the
innovative activity of enterprises with the motive to maintain or expand their
market share.

National authors emphasize the mutual influence of competition and
innovative activity, emphasizing that in competitive markets, innovative
activity increases due to the desire for competitive advantages, and the
intensification of innovative activity contributes to increased competition
(Ivanova, 2020; Mazaraki & Melnyk, 2010; Motyakin & Bilotserkivets, 2025;
Umantsiv, 2023).
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Given the significant theoretical achievements of foreign and national
scientists, the relationship between market concentration and innovative
activity in the sectors of the Ukrainian economy remains fragmentary and
requires empirical (economic and statistical) research.

The aim of the research is to identify and quantify the cause-and-effect
relationships between the level of market concentration (CR4) and innovative
activity in the sectors of the Ukrainian economy.

The hypotheses of the research are:

H1: increased competition in the industry stimulates innovative
activity, since companies strive to maintain market share.

H2: there is a nonlinear (U-shaped) relationship between concentra-
tion and innovative activity: innovations grow with moderate concentration,
but fall with excessive monopolization.

H3: the impact of market concentration on innovative activity differs
by sector of the economy depending on resource potential and financial
attractiveness (profitability indicators).

The methodology for testing the above hypotheses is based on the
following thesis. Based on statistical data on the share of innovatively active
enterprises by industry, the share of profitable enterprises, the level of
operating profitability (State Statistics Service of Ukraine, 2025) and the
calculated level of market concentration (based on data from the Rating
of Companies "Top 1000" (2025) for 2024), a multidimensional cluster
analysis was conducted (hierarchical — to determine the number of clusters
and K-means — for more accurate clustering), the result of which is the
formation of typical characteristics of classes of industries of the Ukrainian
economy by indicators of market concentration, profitability and innovative
activity, which will allow identifying the general provisions of hypotheses
H1 and H3.

It is proposed to formulate statistical relationships using correlation
analysis, linear (1) and nonlinear (2) regression models:

Inn_acti=p0 + B1 - CRsi+ B2 - Profit Qi+ B3 - Prof OA| + &i, (1)
Inn_acti= B0 + 1 - CR4i+ B2 - CR4? + i, (2)

where: Inn_acti — share of innovatively active companies in industry i;
CR4i — market concentration (market share of the 4 largest
companies by revenue) in industry i;

Profit_Qi — share of profitable companies in industry i;
Prof_OAIi — profitability of operating activities in industry i.

The assessment of the significance of factors in the models using the
p-value criterion makes it possible to prove the direct linear (1) or inverse (2)
impact of market concentration on innovative activity in the sectors of the
Ukrainian economy (testing hypotheses H1, H2, H3).
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The absence of a confirmed statistical relationship in the models (1, 2)
using the p-value criterion necessitates the use of the Mutual Information Matrix
to assess nonlinear dependencies and the Bayesian Network method as a way to
identify the directions of causal relationships between variables by sector and
refine hypotheses. If p-value < 0.05 is established, a direct causal relationship is
stated. The methods are implemented in the R environment.

The final confirmation or refutation of the hypotheses put forward is
proposed to be carried out on the basis of structural equation modeling
(Structural Equation Modeling, SEM). This is a modern statistical approach
that combines regression analysis, factor analysis, and causal modeling to
evaluate complex systems of relationships between variables. In the context
of the analysis of innovative activity and market concentration, SEM will
allow us to assess:

« Whether the market structure (CR4) directly or indirectly affects
innovative activity (Inn_act);

« through which variables (the share of profitable companies (Profit_Q)
or the profitability of operating activities (Prof_OA) this effect is realized;

« the strength of direct and indirect effects that form the overall effect
of concentration on the innovative behavior of enterprises.

SEM combines hypotheses of the theory of innovation and
competitive behavior with empirical causal assessment, allowing us to form
substantiated recommendations for competitive and innovation policy.

The article has four main analytical blocks, reflecting the stages of
empirical research of the relationship between market concentration and
innovative activity of sectors of the Ukrainian economy. In the first section,
a typology of sectors is carried out by a set of indicators of innovativeness
and the level of market concentration. Several stable groups of sectors are
obtained, which differ in the level of competitiveness and innovative activity,
which makes it possible to outline potential structural patterns of
development. The second section is aimed at quantitatively assessing linear
and nonlinear dependencies between market concentration and innovative
activity. In the third, an approach is applied that allows to identify potential
causal relationships without assuming linearity: a mutual information matrix
and Bayesian network algorithms for constructing a directed graph of
dependencies between key indicators. The fourth section contains a structural
equation model in the study of innovative activity in the sectors of the
Ukrainian economy, which deepens the previous analysis, allowing to assess
direct and indirect effects between variables.

1. Cluster analysis of Ukraine’s economic sectors based on
indicators of innovation activity and market concentration

Conducting a hierarchical cluster analysis based on the formed
database of 33 sectors of the Ukrainian economy showed the feasibility of
creating six clusters (with seven clusters, the statistical indicators turned out
to be worse) (Figure 1).
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Figure 1. Determining the optimal number of clusters
of Ukraine’s economic sectors

Source: compiled by the author in R based on data from the State Statistics Service of
Ukraine (2025) and the calculated level of market concentration based on data from the
Top 1000 Companies Rating (2025).

The diagram of clusters of Ukraine’s economic sectors based on
hierarchical analysis is shown in Figure 2.
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Figure 2. Diagram of clusters of Ukraine’s economic sectors based
on hierarchical analysis

Source: compiled by the author in R based on data from the State Statistics Service of
Ukraine (2025) and the calculated level of market concentration based on data from the
Top 1000 Companies Rating (2025).
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Statistical parameters of clustering using the K-means method
(Table 1) demonstrate that the clusters are separated, but not very clearly and
some objects may be "on the border" between the clusters (the value of the

average silhouette width is 0.33, Calinski-Harabasz Index =~ 22.19).
Table 1

Average values of the studied indicators
of Ukraine’s economic sectors by clusters

Number .
of sectors ‘ mean_CR4 mean_Profit_Q mean_Prof_OA | mean_Inn_act

1 16 22.7 72.3 7.2 13.4
2 4 221 71.5 12.9 45.6
3 2 93.1 459 30.6 6.1
4 1 65.3 24.6 6.4 353
5 4 145 74.5 23.2 15.8
6 6 414 60.1 0.5 8.0

Source: compiled by the author in R based on data from the State Statistics Service of
Ukraine (2025) and the calculated level of market concentration based on data from the
Top 1000 Companies Rating (2025).

The highest innovative activity is observed in clusters 2 (production
of basic pharmaceutical products and pharmaceutical preparations,
production of electrical equipment, production of other vehicles, scientific
research and development) and 4 (mining of metal ores). At the same time,
moderate market concentration, a high share of profitable companies and
average operating profitability are noted in cluster 2, while cluster 4,
represented by only one observation, has high market concentration and
insignificant profitability indicators.

The lowest level of innovative activity is in cluster 3 (mining of hard
and brown coal, extraction of crude oil and natural gas) and cluster 6 (mining
of other minerals and quarrying; production of leather, leather products and
other materials; metallurgical production; supply of electricity, gas, steam
and conditioned air; water intake, purification and supply; land and pipeline
transport, water transport, air transport) with high market concentration,
which indirectly confirms hypothesis H1. At the same time, cluster 3 is
characterized by high operating profitability, which in a certain way casts
doubt on hypothesis H3 and the initial provisions of Schumpeter’s (1942)
concept regarding the tendency of large companies to finance innovations in
a low-competitive market.

Cluster 1 is represented most widely: provision of support services in
the field of extractive industry and quarrying; food production; beverage
production; clothing production; wood processing and manufacture of wood
and cork products, except furniture, manufacture of straw and plant materials
for plaiting; paper and paper products production; production of chemicals
and chemical products; production of rubber and plastic products; production
of other non-metallic mineral products; production of fabricated metal
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products, except machinery and equipment; production of motor vehicles,
trailers and semi-trailers; furniture production, repair and assembly of
machinery and equipment; warehousing and support activities in the field
of transport, postal and courier activities; activities in the fields of
architecture and engineering, technical testing and research; advertising
activities and market research. Market concentration in the industry is
average, and the share of profitable companies is high — on a par with cluster 2,
however, innovative activity in the indicated industries is significantly lower,
which does not provide clear confirmation of hypotheses H1 and H3.

Industries of cluster 5 (manufacture of computers, electronic and
optical products; manufacture of machinery and equipment not classified
elsewhere; wholesale trade, except trade in motor vehicles and motorcycles;
telecommunications (telecommunication), computer programming, consul-
ting and related activities, provision of information services) are charac-
terized by the lowest market concentration and fairly high profitability
indicators, but this does not contribute to the growth of innovative activity of
companies.

Thus, none of the hypotheses put forward as a result of the cluster
analysis of the sectors of the Ukrainian economy has found clear
confirmation or refutation.

2. Regression analysis of Ukraine’s economic sectors by indicators
of innovation activity and market concentration

At the first stage of the regression analysis, a correlation matrix

between the indicators was constructed (Table 2).
Table 2
Correlation matrix of the studied indicators of Ukraine’s economic sectors

ProfitQ prof_OA

CR4 1.0000000 —0.626616478 0.178499538 —0.20929966
Profit_Q —0.626616478 1.0000000 0.004377153 0.03360372
Prof_OA 0.178499538 0.004377153 1.0000000 0.10171581
Inn_act —0.20929966 0.03360372 0.10171581 1.0000000

Source: compiled by the author in R based on data from the State Statistics Service of
Ukraine (2025) and the calculated level of market concentration based on data from the
Top 1000 Companies Rating (2025).

Correlation analysis shows that a close negative relationship is
observed between market concentration and the share of profitable enter-
prises, i.e., in more concentrated markets. There are fewer profitable compa-
nies and vice versa. The main potential dependence that requires research is
the negative correlation between CR4 and innovative activity. Potentially,
this means that high market concentration (monopoly) reduces incentives for
innovation, which is consistent with the hypotheses put forward. Other
factors (profitability) have a weak effect on innovative activity.
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The constructed linear model (1) is characterized by a low level of the
coefficient of determination (R? = 0.0858), the absence of a significant linear depen-
dence on market concentration or profitability in general (F-statistic = 0.907,
p = 0.4497) and the statistical insignificance of individual factors (Table 3).

Table 3
Statistical parameters of linear modeling of the dependence of innovation activity
on the studied indicators of Ukraine’s economic sectors

Coefficient Estimate Std. Error t-value p- value
Intercept 34.7110 19.1298 1.814 0.080
CR4 -0.2096 0.1365 -1.536 0.135
Profit_Q -0.2033 0.2434 -0.835 0.410
Prof_OA 0.2180 0.2386 0.913 0.369

Source: compiled by the author in R based on data from the State Statistics Service of
Ukraine (2025) and the calculated level of market concentration based on data from the
Top 1000 Companies Rating (2025).

Similarly, the constructed parabolic regression (2) did not show
statistical significance: R? = 0.045, p = 0.505, both coefficients CR4 and
CR4? are insignificant (Table 4), which indicates the rejection of hypothesis
H2 about a U-shaped or inverse relationship between market concentration
and innovative activity.

Table 4
Statistical parameters of nonlinear modeling of the dependence of innovation
activity on the market concentration of Ukraine’s economic sectors

Coefficient | Estimate Std. | Error ’ t-value ‘ p- value ‘
Intercept 21.41 6.75 3.173 0.0035
CRs -0.1763 0.3676 -0.48 0.635
CR# 0.000581 0.00377 0.154 0.879

Source: compiled by the author in R based on data from the State Statistics Service of
Ukraine (2025) and the calculated level of market concentration based on data from the
Top 1000 Companies Rating (2025).

Thus, regression analysis of cross-sectoral data of 33 sectors of the
Ukrainian economy for 2024 showed that the level of concentration and
profitability indicators are not statistical predictors of the innovative activity
of domestic companies.

3. Mutual information matrix and causal graph method in the
study of innovation activity

The analysis conducted and the mutual information matrix formed in
the R environment (Figure 3) demonstrate a weak relationship between
market concentration and the number of profitable companies and operating
profitability, between operating profitability and innovativeness, a more
noticeable relationship between innovative activity and the number of
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profitable firms, and practically no relationship between concentration and
the level of innovative activity. The greatest relationship is noted between the
share of profitable companies in the industry, the profitability of companies,
and operating profitability.

a < "
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j
5 & & E Prof)_Q
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k5]
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Profit_Q 0.09 0.00 0.18 0.10 ) PIC@A
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Figure 3. Matrix of mutual Figure 4. Causal relationships
dependencies of indicators of between indicators of innovation
innovation activity in Ukraine’s activity in Ukraine’s
economic sectors economic sectors

Source: Figure 3; 4 compiled by the author in R based on data from the State Statistics Service
of Ukraine (2025) and the calculated level of market concentration based on data from the
Top 1000 Companies Rating (2025).

The results of causal analysis, as well as correlation analysis, confirm
the presence of only individual, mostly weak statistical relationships between
indicators of market structure, profitability and innovative activity of
industries. This indicates the complex, multifactorial nature of innovation
processes, where the direct impact of market concentration on innovativeness
IS not decisive. At the same time, the identified causal relationship between
concentration and profitability indicates a possible indirect mechanism of
action of market power through financial resources that can be directed to
innovative development. This configuration of relationships creates the basis
for further construction of a structural equation model (SEM), which will
allow assessing the direct and indirect effects between the key determinants
of innovative activity.

4. Structural equation model in the study of innovation activity in
Ukraine’s economic sectors

The structural equation model was constructed to identify the direct and
indirect effects of market concentration, profitability and efficiency of
enterprises on the level of innovation activity of sectors of the Ukrainian
economy. The SEM method combines the properties of factor and regression
analysis, which allows simultaneously assessing latent (hidden) and observed
variables, as well as checking complex systems of relationships between them.
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The structural model assumes that the level of market concentration
(CR4) acts as a basic exogenous variable that affects both directly and
indirectly — through the share of profitable enterprises (Profit Q)
and operating profitability (Prof _OA). The model reflects hypothesis H3 that
higher market concentration forms a specific competitive environment
that can change incentives for innovation through the financial capacity of
the sector.

The obtained standardized coefficients confirm the dominance of the
direct negative impact of CR4 on innovative activity (B = —0.36; p = 0.10),
which is at the threshold of statistical significance a = 10% (Table 5).

Table 5
Statistical parameters of the structural equation model of innovation activity in
Ukraine’s economic sectors

Direct and indirect impact B p-value
CR4— Profit Q -0.627 0.000
CR4— Prof OA +0.298 0.170
Profit Q — Prof OA +0.191 0.378
Prof OA — Inn_act +0.167 0.330
Profit Q — Inn_act -0.193 0.373
CR; — Inn_act —0.360 0.101
:rr:(rii a((%?z; — Profit Q — Prof OA — 0.02 0.518
ind2 (CR4 — Profit Q — Inn_act) -0.10 0.34
ind3 (CR4s — Prof OA — Inn_act) +0.05 0.43
total_ind (total indirect) -0.075 0.37
total (direct + indirect) -0.434 0.085

Source: compiled by the author in R based on data from the State Statistics Service of
Ukraine (2025) and the calculated level of market concentration based on data from the
Top 1000 Companies Rating (2025).

Indirect paths through financial variables turned out to be weak and
statistically insignificant (total_ind = -0.075; p = 0.37). Despite the
statistically insignificant indirect effect through profitability, the overall
effect of the level of market concentration on innovative activity remains
negative (total effect = —0.434; p = 0.085), which indicates a tendency to
decrease innovative dynamics with increasing market monopolization at
a=0.10 (10%).

The results obtained are generally consistent with hypothesis H1
regarding the ambivalent role of market concentration in stimulating
innovation. On the one hand, high concentration can create a resource base
for innovation due to profits and scale of activity. However, according to the
data of the domestic economy sectors, excessive market power reduces
incentives for innovative activity. The absence of significant indirect effects
through profitability and the share of profitable enterprises indicates that
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financial results are not a key mediator of innovativeness (rejection of
hypothesis H3), instead the structural state of competition is decisive. This is
consistent with the concept of innovative competition, according to which
dynamic competition, rather than monopolistic stability, is the driver of
innovative development. Thus, the structural model confirms that for
increasing innovative activity in Ukraine, strengthening the competitive
environment is more important than increasing capital concentration.

Conclusions

Thus, the analysis revealed that market concentration has a
predominantly negative direct impact on the innovation activity of the sectors
of the Ukrainian economy, while indirect channels through the profitability
of enterprises and operating profitability are statistically insignificant. This
partially confirms hypothesis H1 — increased competition really creates
incentives for innovation, and excessive market concentration suppresses
their development. Hypothesis H2 about a nonlinear (U-shaped) dependence
was not empirically confirmed: the parabolic model did not reveal significant
coefficients, which indicates the absence of an optimal level of concentration
at which innovation activity would grow. At the same time, a negative impact
of market concentration on innovation activity is recorded at the threshold of
statistical significance (p = 0.1).

Regarding hypothesis H3, the results indicate that the strength and
direction of the relationship between concentration and innovativeness may
differ across sectors depending on their financial stability, but within the
framework of the generalized model these differences did not reach statistical
significance. Thus, innovation dynamics in Ukraine are formed mainly under
the influence of market structure, rather than financial performance of
enterprises, which indicates the need to strengthen competition policy as a
tool to stimulate innovative development. A promising direction for further
research is the integration of dynamic models with time lags to analyze the
impact of structural market changes on long-term trajectories of innovative
and economic development.
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