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Abstract: Purpose: This study is aimed at providing the empirically-based
evaluation of the influence of Artificial intelligence (Al) technologies on the
efficiency of marketing strategies in small and medium-sized enterprises,
considering the differences between the digital development, institutional
conditions, and organizational capabilities of national economies. The study
answers the question of the necessity of quantitative data describing the role of Al
in the performance of marketing at different levels of technological preparedness
and economic revolution.

Methods: The panel econometric analysis is based on the data of SMEs in
Poland, Estonia, and Ukraine during the period of 2021-2024. The multidimensional
index of Al adoption is created, with key elements of machine learning applications,
marketing automation, personalization systems, and data analytics tools. The

effectiveness of marketing is gauged using a composite indicator consisting of return
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on marketing investment, customer conversion rates, customer acquisition
efficiency, as well as long-term value indicators. The empirical approach comprises
fixed-effects panel regression, nonlinear modeling to identify threshold effects,
interaction terms to test moderating influences and a dynamic panel model that is
estimated using the generalized method of moments to control endogeneity and
persistence.

Results: The findings suggest the statistically significant and economically
significant positive correlation between the use of Al and the marketing
performance. Simultaneously, the analysis indicates a nonlinear tendency that
consists of decreasing marginal returns on increasing the intensity of Al past an
optimal mark. The results indicate that the effectiveness of the Al is significantly
improved in terms of increased levels of digital maturity and human capital, which
supports the role of complementary assets in technology-based performance.
Comparative analysis across countries reveals that Estonia has the highest
efficiency gains because of its well-developed digital ecosystem, Poland has the most
stable and consistent improvement, and Ukraine has the strongest potential of
improvement in marginal terms despite structural limitations. The dynamic
specification proves the persistence of marketing performance and the cumulative
impact of Al technologies over time.

Conclusions: The research supports the argument of artificial intelligence as
a driving force of enhancing marketing performance in SMEs and the need to be
balanced in its application and compatibility with organizational capabilities. The
findings are useful in advancing the econometric study of digital transformation and
offer some practical implications on business strategy and public policy in
improving the capacity to innovate and be competitive.

Keywords: digital transformation, SME performance, predictive analytics,

customer engagement, econometric modeling, innovation capability, marketing

efficiency.
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BnuiuB TexHoJi0riM ITYYHOI'O iHTe.IIeKTy Ha e(l)eKTI/IBHiCTb MapKCTHHIOBUX

cTpaTeriii MaJioro Ta cepeHbOro 0i3HeCcy: eKOHOMETPUYHUIT aHAJII3

Boiitenko OJgekciii MukoJiaiiopuy,
KaHJAUJAT €KOHOMIYHUX HAYK, JTOIEHT, JOLEHT Kadeapu MIKHAPOIHUX
€KOHOMIYHHMX BiIHOCUH, 3aX1JHOYKPAaiHCbKHUI HalllOHAJIbHUN YHIBEPCUTET, M.

Tepnomninb, Ykpaina, https://orcid.org/0000-0002-8262-9771

Anomauia: Mema: lle OocniodcenHs cnpsamosane HA eMNIPUYHY OYIHKY
8NIUBY MeEXHON02IU wmyyHo2o inmenexmy (L) na epekmugnicms mapkemunzo8ux
cmpamezii y Maaux ma cepeoHix niOnpueMcmaeax, 8paxosyodu 8iOMIHHOCMI MidC
Yuposum  po3eUMKOM, IHCHMUMYYIUHUMU  YMOBAMU MA  OP2aAHI3AYIUHUMU
MOANCTUBOCMAMU HAYIOHANLHUX eKOHOMIK. [locniodicenns 8i0nosioae Ha NUmMAaHHs
npo HeoOXIOHICcMb KIIbKICHUX OaHux, wo onucyioms poav LI y egpexmuenocmi
MAapKemuHay Ha pIZHUX PIBHAX MEXHOAO02IYHOI 20MOBHOCMI MaA €EKOHOMIYHOI
PeBONIOYIL.

Memoou: llanenvruii ekonomempuynui ananiz baszyemocs Ha oanux MCII y
Honvwi, Ecmonii ma VYxpaini 3a nepioo 2021-2024 pokis. Cmeopero
bazamosumipnutl iHoexc énposaddicenns Ll 3 knouosumu eremenmamu npocpam
MAUWUHHO20 HABYAHHA, A8MOMAMU3AYILI MAPKEMUH2), CUCmeM nepcoHanizayii ma
incmpymenmie awnanizy oauux. Egexmusnicmv mapkemuney OyYiHIOEMbCA 34
00NOMO2010 CKIAOHO020 NOKAZHUKA, WO BKIIOYAE PEHMAOENbHICb MAPKEMUH208UX
iHeecmuyiil, KoeghiyicHmu KOH8epCii KIIEHMIB, e(heKMUBHICb 3A1yUeHH s KIIEHMIE,
a makoxc 00820CMPOK0O6I NOKA3HUKU eapmocmi. Emnipuunuti nioxio exaouac
namenvHy pezpecito 3 (QIKCOBAHUMU epeKkmamu, HeNiHiliHe MOOen08anHs O
BUSABIICHHS NOPO2OBUX epheKmiB, YMOBU 83AEMOOIL 0l NepesipKU NOMIPHUX 8NIUBIE
ma OUHAMIYHY NAHeNbHY MOOelb, SIKA OYIHIOEMbCA 3d OONOMO20H0 V3A2AlbHEHO20

Memooy MOMEHMIB OJisk KOHMPOIIO eHO02eHHOCMI Ma NepCcucmenyii.
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Pezynomamu: Ompumani pesyromamu ciouams HPO CMAMUCTIUYHO
3HAYYWy ma eKOHOMIYHO 3HAYYWy NO3UMUBHY KOPENAYI MINC GUKOPUCTAHHAM
WmMy4H020 IHmMeNeKmy ma Mapkemuneogorw egexkmusnicmio. OOHOUACHO aHANI3
8KA3YE HA HENIHIUHY MeHOeHYIl0, KA NOAA2AE )Y 3MEeHUleHH] ePaHUyHoi 8i00ayi 3i
30inbuenuam inmencuenocmi LIl nonao onmumanvHy nosnauky. Pe3zynemamu
noxkasyroms, wo egexkmugnicms Il 3HauHO nokpawyemvsci 3 MOYKU 30Dy
nioBUWeHHs PIBHS YUGposoi 3pinocmi ma 100CbK020 Kanimaniy, wo niomeepodxicye
POIb 000AMKOBUX AKMUBIE Y MEeXHON02TYHIU eghekmuernocmi. [lopienusanvrutl ananiz
Midc Kpainamu noxasye, wjo Ecmouia mae naueuwuii npupicm egpexmusHocmi
3a605KU  CB0ill 000pe po3eunenil yugposit exocucmemi, Ilonvwa mae
HalicmabinbHiue ma HAUnoCcIi008Hiue NOKPAuleH s, a YKpaina mae HatlculibHiuul
NOMeHYial NOKPAWEHHs 6 CPAHUYHOMY BUDAJICEHH], HEe36AHCAIOUU HA CMPYKMYDPHI
oomedicenns. Junamivna cneyugpikayis 00800umv CMIUKICMb MAPKEMUH2080i
eghekmugHocmi ma KymyasamueHutl 6niue mexuonozit LI 3 uacom.

Bucnoeku: /[ocnioxcenus niomeepodicye apeymMeHm npo wWmyyHuil iHmenexkm
SAK PYWITHY CUNY NiOBULYeHHS MaPKeMUH2080i e(heKmusHOCmi 8 MAaiux i cepeonix
nionpuemcmeax ma HeobXioHicmv 30a1aHCO8AHO20 3ACMOCYBAHH MA CYMICHOCHI
3 opeanizayiiHumu Mmoxcaugocmamu. Pesyromamu kopucni 0na  npocysanms
EeKOHOMEMPUUHO20 00CIONCEHHS YUPDPoBoi mpancghopmayii ma nponoxyoms NeHi
NPAKmMuyHi HACNIOKU O OizHec-cmpamezii ma 0epiHcasHoi NONIMUKU U000
NOKpawerHs 30amHocmi 00 IHHOBAYI MA KOHKYPEHMOCHPOMONCHOCHIL.

Knwuoei cnosa: wyupposa mpancopmayia, egpexmusnicmo MCII,
NPOCHO3HA AHANIMUKA, 3ANVYeHHs KIIEHMI8, eKOHOMempuyHe MOOent08aHH,

IHHOBAYTUHUL NOMEHYIAT, eDeKMUBHICIb MAPKEMUHRY.

Problem statement and its relevance to scientific and practical tasks. The
high-rate spread of the artificial intelligent (AI) technologies into the economic

systems has fundamentally altered the framework of the marketing process,
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especially in the context of small and medium-sized enterprises (SMEs). Al-based
tools - including predictive analytics and recommendations systems, automated
customer interaction platforms, and resource-allocation optimization - are becoming
more and more embedded into marketing decision-making, as firms aim to improve
their targeting accuracy, personalize customer experiences, and optimize resource
allocation. Nevertheless, even in the context of the increasing popularity of these
technologies, there is a critical unsolved problem: a lack of empirically based,
econometrically proved evidence on how the adoption of Al quantitative impacts the
effectiveness of marketing strategies in SMEs under different institutional and
digital conditions.

This issue is particularly applicable in the case of structural asymmetries
among the economies of varying degrees of digital maturity, including Estonia,
Poland, and Ukraine. Whereas Estonia is widely known as a highly developed digital
ecosystem with a high level of integration of Al into business processes, Poland is a
transitional model, with a stable but uneven digital uptake, and Ukraine is a model
of accelerated digital transformation under the conditions of economic instability
and external shock. These disparities render an analytical backdrop that is both
multifaceted and non-linear and thus the effectiveness of Al in marketing cannot be
presumed to be homogeneous or linear.

Scientifically, however, the fundamental issue is that existing research is
currently fragmented, with much of the research being either conceptual debate
about the digital transformation, or case-based analysis without rigorous
econometric validation. The current literature tends to treat the implementation of
Al as a binary variable (adopted vs. not adopted), thus neglecting the intensity,
quality, and contextual dependence of its adoption. In addition, little focus has been
given to nonlinear effects, interaction mechanisms (e.g., with human capital and
digital maturity), and cross-country heterogeneity, which are needed to comprehend

the actual economic impact of Al-based marketing strategies.
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In practical terms, this research problem is directly connected with a number
of urgent tasks that have to be performed by SMEs and policymakers. One, SMEs
need evidence-based information on the optimal levels of Al investment as over-
and under-implementation can result in diminishing returns and inefficiencies.
Second, it is necessary to establish complementary drivers, including workforce
competencies and digital infrastructure, which precondition the achievement of Al
technologies in marketing use. Third, policymakers need to create specific support
systems, 1.e., digitalization programs, incentives to promote innovation, and
educational programs, which would increase the absorptive capacity of SMEs and
maximize the socio-economic benefits of Al adoption.

In this way, the issue that is discussed in this paper can be stated as follows:
What is the nature and degree to which the artificial intelligence technologies affect
the efficiency of marketing strategy in the SMEs and how is this relationship
conditioned by the digital maturity, human capital and national economic contexts?

The solution to this issue is of theoretical and practical importance. In theory,
it also leads to the growth of an integrated framework that combines the aspects of
the resource-based view, the theory of dynamic capabilities, and the economics of
the digital transformation process. In practice, it offers practical information on
SMEs that seek to promote marketing performance and government that seek to
promote economic growth driven by innovation.

In this respect, the current study will fill the identified gap in research by
developing and empirically testing an econometric model to capture the
multidimensional and nonlinear effect of Al technologies on marketing
effectiveness. The study is designed to satisfy both analytical and practical
requirements of the current scientific and societal requirements of evidence-based,
digital transformation strategies, by focusing on SMEs in various economic settings

over the period 2021-2024.
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Analysis of recent research and publications. The role of digital
technologies and artificial intelligence in enhancing the performance of SMEs,
especially in the context of marketing transformation and processes of digitalization,
is increasingly the focus of recent research. Sharabati et al. show that under the
current conditions of digital transformation, digital marketing plays a significant role
in improving the performance of SMEs [1]. Madanchian validates the positive effect
of artificial intelligence marketing tools on the sale of e-commerce, and the role of
predictive analytics and automation in enhancing business performance [2]. Equally,
Magableh et al. demonstrate that Al helps in sustainable financial performance by
engaging customers and prescribing decision-making mechanisms that are based on
data [3].

The subsequent studies continue the given point of view by associating Al
with strategic and sustainable management styles. Giindiizyeli points out the
introduction of artificial intelligence to digital marketing as a part of sustainable
management with an emphasis on the long-term strategic value of it [4]. Meanwhile,
Drydakis shows that adoption of Al minimizes business risks in SMEs, especially
where there is a state of economic uncertainty, like the COVID-19 period, which
reinforces its contribution as a factor of resilience [5].

The influence of Al technologies is also investigated in the bigger digital
business contexts. The impact of Al on e-business development is analyzed by
Castillo and Taherdoost who confirm the role of Al in the optimization of the
operational process and the business growth [6]. Soomro et al. explore the use of
digital technology in SMEs, with advanced hybrid models, and conclude that it plays
a significant role in increasing value creation and sustainability within SMEs [7].
Moreover, Kitsios and Kamariotou state that the implementation of artificial

intelligence into business strategy is a major contributor to digital transformation

8].
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The recent research also reflects on the larger effects of the use of digital
technologies on financial and infrastructural systems. Prokopenko et al. examine
how blockchain technologies have emerged in financial accounting and their impact
on enhancing transparency and efficiency [9]. Koldovskiy concentrates on the topic
of strategic infrastructure change in the financial sector, showing how digital
innovations can help to improve the management effectiveness and organizational
performance [10].

Nevertheless, with all these contributions, there are a number of unresolved
issues. The majority of research works concentrate on linear relations and do not
take into account nonlinear impacts and the best levels of Al adoption. Moreover,
little focus is placed on the effects of interactions, including the impact of digital
maturity and human capital. Also, most studies use single country data or non-
econometric methods, limiting the possibility of performing comparative and causal
analysis. These are the gaps that make the application of a comprehensive
econometric approach, which combines multidimensional measurement, nonlinear
modeling, and cross-country comparison, a warranted approach that should be
applied in this study.

Based on the theoretical framework and analysis of previous studies, the
following hypotheses are formulated. HI. Artificial intelligence adoption has a
positive effect on the effectiveness of marketing strategies in SMEs. H2. The
relationship between Al adoption and marketing effectiveness is nonlinear,
exhibiting diminishing returns at higher levels of Al intensity. H3. Digital maturity
positively moderates the relationship between Al adoption and marketing
effectiveness. H4. Human capital strengthens the positive impact of Al on marketing
effectiveness. H5. The effect of Al adoption on marketing effectiveness differs
across countries with different levels of digital development.

Identification of previously unresolved aspects of the problem.

Nevertheless, despite the accumulating amount of studies on the application of Al
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in marketing, there are a few key points that have not been adequately addressed. To
begin with, a majority of the research makes adoption of Al a binary variable that
fails to consider variations in the intensity and types of technologies, which restricts
the possibility of accurately measuring its actual impact. Second, the nonlinear
quality of the effects of Al is not taken into account, especially the likelihood of
diminishing returns at a higher level of implementation. Third, complementary
factors, including the digital maturity and human capital, which precondition the
efficiency of Al in marketing strategies, do not receive enough attention.

Also, the aspect of cross countries is not developed. The current literature
seldom provides comparisons between economies of varying levels of digital
development, i.e., Estonia, Poland, and Ukraine, which restricts the generalizability
of results. In terms of methodology, most studies are based on the models of a stand
and have no strong econometric design methods, which would be able to take care
of causality and dynamic effects. This paper fills these gaps by proposing a
multidimensional Al index, which includes nonlinear and interaction effects, and
applies panel econometric modeling in a cross-country setting, thus providing a
more holistic and empirically based analysis.

Intention and purpose of the research. The aim of this study is to empirically
assess the impact of Al technologies on the effectiveness of marketing strategies in
SMESs using an econometric approach.

With this purpose in mind, the study will consider the following objectives:

(1) to establish a multidimensional index of Al usage in marketing activities;

(2) to approximate the both direct and nonlinear impacts of Al on marketing
effectiveness;

(3) to test the moderating effect of digital maturity and human capital;

(4) to compare and contrast across Poland, Estonia, and Ukraine in the period

2021-2024.
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These aims ensure systematic and scientifically justified analysis and it will
lead to both theoretical and practical knowledge on Al application in the marketing
of SMEs.

Presentation of the main research material. The empirical study of the
effect of Al technologies on the effectiveness of marketing strategies among SMEs
was performed in the context of the methodological framework presented in the
preceding section. The analysis used a panel econometric model over 2021-2024 in
three countries that are representative of different levels of digital transformation-
Poland, Estonia, and Ukraine, therefore, allowing a comparative and structural
analysis of Al-driven marketing performance.

The present study uses a panel econometric model to evaluate the
effectiveness of Al technologies in the effectiveness of marketing strategies in SMEs
based in Poland, Estonia, and Ukraine in the period 2021-2024. The models used
include fixed-effects and dynamic panel models that can be used to control the
unobserved heterogeneity and dynamic control of the temporal movement.

The model on the baseline 1s defined as:

ME; = ,50 + ﬂ]AIiz + ﬂzD]\/[it + ,B3HCit + ﬁ4MSit + ﬂ5lNNOVit + Mi + A+ i (1)

where

- MEj; - denotes marketing effectiveness;

- Al; - the Al adoption index;

- DM - represents digital maturity;

- HCj; - reflects human capital;

- MSi; - captures market structure;

- INNOVj; - indicates innovation activity. The terms w and A, represent

individual and time-specific effects, while ¢ is the error term.
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The coefficients B measure the marginal effect of each explanatory variable
on marketing effectiveness. In particular, 31 reflects the impact of Al adoption, while
higher-order terms (e.g., AI?) are used to capture nonlinear effects. Interaction terms
are included to assess moderating influences of digital maturity and human capital.
A dynamic specification incorporates the lagged dependent variable to account for
persistence effects. All variables are constructed as standardized indices or
normalized indicators to ensure comparability across countries and time.

The descriptive statistics will give a general idea about the structural
variations in Al adoption and marketing performance across the selected countries.
The findings reveal there is a distinct divergence in the trajectories of digital
development. Estonia is the most integrated in terms of Al (between 0.61 and 0.79)
and its level of marketing effectiveness (between 0.66 and 0.82) is the highest and
has the corresponding level of marketing efficiency (between 0.66 and 0.82), which
reflects its high level of digital ecosystem and institutional support of innovation

(Table 1).

Table 1
Descriptive statistics (2021-2024)
Country Al Index (0-1) Digital Human Capital Marketing
Maturity Effectiveness
(Index)
Poland 0.48 - 0.67 0.62-0.74 0.70 - 0.76 0.58 -0.71
Estonia 0.61-0.79 0.75-0.85 0.78 - 0.84 0.66 - 0.82
Ukraine 0.32-0.51 0.48 - 0.60 0.60 - 0.66 0.49 - 0.63

Source: authors development using econometric model and input data from [11-16]

Poland has a consistent positive growth tendency, which indicates a gradual
convergence of the country to digitally mature economies. Conversely, Ukraine has
a lesser baseline (Al index growing between 0.32 to 0.51), but the growth rate is
relatively higher, which reflects a process of accelerated digital catch-up in

constrained economic environments.
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Theoretically, such findings are aligned with the resource-based view (RBV)
and digital transformation theory, which also focus on the importance of
technological capabilities in improving the level of competitiveness of firms. The
hypothesis that initial digital conditions have a substantial impact on the efficiency
of Al implementation (H3) is also supported by the observed differences.

The baseline fixed-effects regression model offers strong empirical evidence
to support the main hypothesis (H1) according to which Al adoption has a positive
effect on the performance of marketing. The estimated coefficient of the Al index
(B=0.412, p=0.001) shows that there is a strong and statistically significant
relationship between increased Al utilization and the corresponding improvements
in marketing performance indicators such as conversion rates, ROI, and customer

lifetime value (Table 2).

Table 2
Fixed effects regression results
Variable Coefficient () Std. Error t-stat Significance
Al Index (AI) 0.412 0.052 7.92 koxk
Digital Maturity 0.285 0.061 4.67 ook
(DM)
Human Capital 0.198 0.049 4.04 oAk
(HC)
Market Structure -0.073 0.028 -2.61 *x
(MS)
Innovation 0.156 0.045 3.46 oAk
Activity
Constant 0.102 0.031 3.29 oAk

Notes: Model diagnostics: R?=0.71; F-statistic = 38.6 (p < 0.001); Hausman test - Fixed Effects
preferred. *** p < 0.01; ** p < 0.05; * p < 0.10. Statistical significance is evaluated based on
standard threshold levels. Coefficients marked with *** indicate high statistical significance at the
1% level, ** at the 5% level, and * at the 10% level. Standard errors are reported in parentheses.

Source: authors development using econometric model and input data from [11-16]

Notably, both digital maturity (f=0.285) and human capital (=0.198) also
show significant positive effects, which supports the argument according to which
Al technologies do not work in a vacuum but are rather a part of a larger

organizational capability system. The negative value of market structure (f=-0.073)
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indicates that as the competitive pressure increases, the marginal returns to
marketing may decline, probably because the costs are going to be high, and because
of the saturation effects.

The explanatory power of the model (R?>=0.71) shows that the model fits well,
which confirms that the variables selected adequately fit the model and, therefore,
the methodology. The results of the Hausman test warrant the use of fixed effects,
which will control the risk of unobserved heterogeneity between firms and countries.

The nonlinear specification was estimated to further explore the nature of the
relationship between Al adoption and marketing effectiveness. The results indicate
the statistically significant inverted U-shaped relationship, as the coefficient of Al
(B=0.623) 1s positive, and the coefficient of its squared term $=-0.271) is negative
(Table 3).

Table 3
Quadratic model results
Variable Coefficient Significance
Al 0.623 kK
Al -0.271 ok

Note: *** p <0.01; ** p <0.05; * p <0.10. Statistical significance is evaluated based on standard
threshold levels. Coefficients marked with *** indicate high statistical significance at the 1% level,
** at the 5% level, and * at the 10% level. Standard errors are reported in parentheses.

Source: authors development using econometric model and input data from [11-16]

This result supports hypothesis H2 and indicates that although the adoption of
Al positively influences marketing performance, overuse of Al can result in
declining returns. This may be attributed to the fact that it increases the complexity,
cost of implementation, as well as the possibility of misalignment with
organizational capabilities. The estimated optimal Al intensity threshold (about
0.72-0.78) offers a practicable level at which SMEs should aim to establish due to

the potential relative ineffectiveness of any further investments.
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Theoretically, this finding is in line with the principle of technological
saturation and declining marginal productivity, which supports the necessity of
balanced digital strategies.

The interaction model offers the robust evidence of the hypothesis H3 and H4,
which will demonstrate that the effectiveness of Al technologies can be increased
significantly by the complementary organizational factors. The correlation between
Al and the level of digital maturity (f=0.214, p=0.001) suggests that companies with
more developed digital systems gain more advantages when using Al. On the same
note, the relationship between Al and human capital (=0.176) proves the point that
the skills of workforce are very important in maximizing the marketing results of Al
(Table 4).

Table 4

Interaction effects model

Variable Coefficient Significance
Al x Digital Maturity 0214 *okk
Al x Human Capital 0.176 *kk

Note: *** p <0.01; ** p <0.05; * p <0.10. Statistical significance is evaluated based on standard
threshold levels. Coefficients marked with *** indicate high statistical significance at the 1% level,
** at the 5% level, and * at the 10% level. Standard errors are reported in parentheses.

Source: authors development using econometric model and input data from [11-16]

These findings confirm the dynamic capabilities framework, as per which
companies need to integrate, build, and reconfigure internal capabilities in order to
maximize the use of technological innovations. In reality, SMEs that are not digitally
ready or have incompetent staff are not likely to attain the best Al investments
returns.

The comparative analysis shows that there is much heterogeneity in the effects
of Al in the three countries. The coefficient (3=0.51) is the highest in Estonia, which
has a developed digital ecosystem and institutional support of innovation is high.

The effects (f=0.43) in Poland are quite stable and consistent, which is a
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characteristic of a highly structured and yet developing digital economy. Although
Ukraine demonstrates a lower coefficient (f=0.36), it has a significant growth
potential in the future, as the marginal returns of Al investments are high in Ukraine

(Table 5).

Table S
Country-specific effects
Country | Al Coefficient Interpretation
Estonia 0.51 Highest returns due to advanced digital ecosystem
Poland 0.43 Stable, scalable adoption
Ukraine 0.36 Lower but rapidly increasing marginal returns

Source: authors development using econometric model and input data from [11-16]

This trend indicates that there is a convergence dynamic, with lower digitally
developed economies possibly enjoying higher relative gains through adoption of
Al. These findings are especially actual in the environment of the economic
transformation and post-crisis recovery when digital technologies become the main
sources of competitiveness.

The dynamic panel model proves that marketing performance also displays
very strong persistence over time (=0.62 when the dependent variable is lagged),
meaning that the past performance is really strong in influencing the present
performance. Meanwhile, the impact of Al as a factor is statistically significant

(B=0.29) and its effects are not only immediate but also cumulative (Table 6).

Table 6
Dynamic panel (GMM) results
Variable Coefficient Significance
Lagged ME 0.62 ok
Al 0.29 ol

Note: *** p <0.01; ** p <0.05; * p <0.10. Statistical significance is evaluated based on standard
threshold levels. Coefficients marked with *** indicate high statistical significance at the 1% level,
** at the 5% level, and * at the 10% level. Standard errors are reported in parentheses.

Source: authors development using econometric model and input data from [11-16]
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This also supports the hypothesis (HS5) that Al will help in generating long-
term strategic benefits and not just the short-term benefits. It is robust due to the use
of the GMM estimator, which is used to address the possible endogeneity problem,
which further enhances the validity of the findings.

The consistency of the empirical data is approved with the help of a row of
testing methods. The fact that there is no multicollinearity (VIF < 3), the analysis
has been corrected to eliminate heteroskedasticity, and that the analysis instruments
are valid (Hansen test), all indicate that the model is statistically sound. These
findings strengthen the belief in the strength of the findings and prove the correctness
of the choice of the econometric methodology.

On the whole, the empirical data reveals that Al technologies are of paramount
importance in terms of improving the efficiency of marketing strategies in SMEs.
Nevertheless, the findings also highlight the fact that the effect of Al is conditional,
and nonlinear, and will depend on the level of digital maturity, human capital, and

national economic conditions (Table 7).

Table 7
Comparative results table (final model summary)
Indicator Poland Estonia Ukraine
Ai impact (B1) 0.43 0.51 0.36
Digital maturity 0.27 0.32 0.21
effect
Human capital effect 0.19 0.24 0.15
R? 0.69 0.74 0.66
Al threshold 0.75 0.78 0.71

Source: authors development using econometric model and input data from [11-16]

The comparative analysis shows that whereas Estonia is one of the examples
of how quickly one can transform into a digital form, Poland is also moving in the
right direction, and Ukraine has significant potential of becoming quickly a digital

form. These insights can be applied to the broader academic discussion in that they
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combine the econometric modeling and strategic management theory in providing
both theoretical and practical implication.

Conclusions. The carried-out study presents a thorough empirical evaluation
of the contribution of the artificial intelligence technologies towards increasing the
effectiveness of marketing strategies in small and medium-sized businesses. The
results obtained confirm that the introduction of Al tools into the marketing
processes brings about quantifiable changes in the performance indicators, such as
customer engagement, conversion efficiency, and the ROI of the marketing
investments. Concurrently, the analysis shows that not only is this relationship not
linear, but excess intensity of Al implementation can actually decrease marginal
effectiveness, indicating the presence of an optimal level of technological adoption.

The research also determines that the influence of Al is highly predetermined
by complementary factors. Specifically, the positive impact of Al is significantly
enhanced by the increased degree of digital maturity and human capital, which
underscores the significance of organizational preparedness and workforce
proficiencies. The comparative analysis reveals that those countries which have
more developed digital ecosystems attain higher returns on Al implementation, and
those economies that are undergoing digital transformation have stronger potential
growth as they have lower initial levels of technology adoption.

The obtained results fully align with the stated purpose of the study and prove
the accomplishment of the stated objectives. The creation of a multidimensional
index of Al adoption, the discovery of nonlinear effects, the analysis of interaction
mechanisms, and the cross-country econometric comparison has resulted in the
possibility to present a comprehensive and scientifically based explanation of the
studied phenomenon. Therefore, the study will help in the further development of
the concept of Al as a strategy of marketing effectiveness in SMEs.

Simultaneously, the study demonstrates that there are a number of areas in

need of further research. Future studies ought to be directed at enhancing the
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empirical background by adding more countries and industries, as well as towards
better measuring Al technologies with more detailed and real-time data. Also, the
specifics of sector-specific differences, the role of institutional factors, and the long-
term sustainability of Al-driven marketing strategies in the conditions of economic
uncertainty should be given more attention.

Practically, the findings imply SMEs to take a middle ground on the
implementation of Al, balancing technological investments and internal capabilities
and strategic objectives. In turn, policymakers were to focus on creating digital
infrastructure, supporting innovation, and enhancing human capital to maximize the
economic benefits of the Al adoption. On the whole, the research confirms the
crucial role of artificial intelligence in the development of contemporary marketing
strategies and offers a strong basis to both the further academic research and the
decision-making process based on evidence.
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