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This study examines the structural characteristics and risk formation mechanisms of military-tech startup ecosystems in
Central and Eastern Europe based on quantitative data describing funding volumes and startup activity. The purpose of the
research is to adapt modern analytical tools for assessing ecosystem risk under conditions of structural heterogeneity and
non-linear development. The methodological approach combines normalization techniques, index-based modelling, and
structural analysis. Two key dimensions of ecosystem development are considered: investment capacity and entrepreneurial
intensity. On this basis, an integral development index and a structural imbalance indicator are constructed, allowing
for a multidimensional assessment of ecosystem configurations rather than a single aggregated evaluation.The results
demonstrate that similar levels of ecosystem development may correspond to fundamentally different internal structures.
In particular, high levels of entrepreneurial activity are not always supported by proportional investment capacity, while
substantial financial resources may be concentrated within a limited number of projects. This divergence indicates that risk
emerges not only from insufficient resources but also from the misalignment between financial and innovation components.
The analysis further reveals diminishing returns to funding, suggesting that increases in investment lead to less than
proportional growth in the number of startups. The study contributes to the existing literature by introducing structural
imbalance as a key analytical dimension and by integrating multiple analytical tools into a unified framework for ecosystem
assessment. The proposed approach provides a more comprehensive understanding of military-tech startup ecosystems
and offers a methodological basis for evaluating their efficiency, scalability, and resilience under conditions of uncertainty
and rapid technological change.

Keywords: efficiency analysis, military-tech startups, project management, mathematical modeling, risk assessment,
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Formulation of the problem in general terms. The
transformation of defence and dual-use innovation systems
in the context of ongoing geopolitical instability has signifi-
cantly reshaped the structural dynamics of military-tech
startup ecosystems. Unlike conventional sectors, where
development trajectories can be approximated through rel-
atively stable relationships between investment and output,
defence-tech environments evolve under conditions of tech-
nological acceleration, operational urgency, and institutional

constraints. These factors generate heterogeneous config-
urations in which financial resources, entrepreneurial activ-
ity, and innovation capacity interact in a non-linear manner,
limiting the explanatory power of traditional aggregated indi-
cators.

Analysis of recent research and publications. The
theoretical conceptualization of innovation ecosystems as
structured collectives of heterogeneous actors is developed
by E. Autio and L. D. W. Thomas [1], who identify participant
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heterogeneity,  interdependence, and  system-level
outcomes as the defining characteristics that distinguish
ecosystems from other organizational collectives such as
supply chains or industry clusters. The relationship between
geopolitical risk and investment behavior in the defense
industry is examined by C. Gheorghe and O. Panazan [2].
In addition, J. Beckley demonstrates that contemporary
risk assessment approaches are enhanced through the
integration of data-driven analytics and expert judgment,
enabling more effective decision-making under conditions
of uncertainty [3].

Therefore, E. Wassenius and B. I. Crona argue that
traditional risk assessment frameworks must be adapted
to account for increasing system complexity, emphasizing
the need for flexible, forward-looking, and interdisciplinary
approaches to effectively address future uncertainties [4].
Also O. M. Zhurba substantiates that state support for start-
ups and the development of venture capital are key instru-
ments for enhancing the competitiveness of the IT sector
and fostering innovation-driven economic growth [5]. More-
over, R. Loik examines the stimulation of Ukraine’s startup
ecosystem, highlighting key funding sources and investment
mechanisms in the context of digitalization as critical drivers
of innovation and entrepreneurial growth [6]. Furthermore,
A. Krasnoshapka analyzes the development and manage-
ment of defense tech startups in Ukraine, emphasizing how
contemporary geopolitical challenges shape their strategic,
analytical, and innovation-driven growth trajectories within
the national economy. These findings underscore the limita-
tions of one-dimensional evaluation models and indicate the
need for analytical frameworks capable of capturing internal
structural imbalances and non-linear development trajecto-
ries.

Despite the richness of existing contributions, the
reviewed literature lacks integrated frameworks that simul-
taneously quantify investment capacity, entrepreneurial
intensity, and structural imbalance as endogenous risk fac-
tors within a single analytical model. This gap motivates the
methodological approach developed in the present study.

Formation of the objectives of the article. The objec-
tive of this article is to develop a multidimensional analytical
framework for the identification and assessment of structural
risks in military-tech startup ecosystems across Central and
Eastern Europe, through the integration of index-based
modelling, normalization, and regression analysis, with the
aim of revealing structural imbalances between investment
capacity and entrepreneurial intensity as key determinants
of systemic vulnerability.

Methods of research. The methodological approach
is based on the transformation and analysis of empirical
data on defense-tech ecosystems. To ensure comparability
across countries, the initial indicators are normalized using
the min-max method. On this basis, an integral develop-
ment index is constructed, combining investment capacity
and entrepreneurial activity.

To account for possible inconsistencies between these
components, a structural imbalance indicator is introduced.
In addition, a logarithmic regression model is applied to
capture the non-linear relationship between funding and the
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number of startups. The empirical basis consists of quanti-
tative data on funding volumes and startup counts across
Central and Eastern European countries.

Results of the study. Institutional and policy-oriented
studies further emphasize that defence innovation ecosys-
tems are shaped by the interaction of technological capa-
bilities, regulatory frameworks, and strategic priorities [9,
10, 11]. This perspective reinforces the necessity of moving
beyond static and aggregated indicators toward multidimen-
sional approaches that account for the internal coherence
of ecosystem components and their dynamic interactions.

The analytical component of this study is grounded
in quantitative indicators describing the development of
defence-tech and dual-use startup ecosystems in Central
and Eastern Europe, obtained from publicly available data-
sets [8]. These data include information on funding volumes
and the number of startups across countries and are used
exclusively as an empirical basis for independent modelling.

At the descriptive level, the dataset reveals a pro-
nounced asymmetry between financial and entrepreneurial
components. Countries differ not only in the scale of invest-
ment but also in the density of startup activity, which indi-
cates that ecosystem development is structurally heteroge-
neous rather than proportionally distributed This observation
is consistent with the broader transformation of military-tech
sectors under conditions of technological acceleration and
operational demand, where rapid innovation cycles coexist
with constraints in scaling and financing mechanisms [12].

Additionally, to formalize these observations, two pri-
mary variables are considered: the total funding volume allo-
cated to defence-tech startups and the number of startups
operating within each national ecosystem. These variables
represent two distinct but interrelated dimensions of devel-
opment: investment capacity and entrepreneurial intensity.
Their joint consideration enables moving beyond descriptive
comparison toward structural analysis.

Therefore, the initial inspection of the dataset suggests
that the relationship between these variables is non-linear.
In several cases, relatively high levels of funding are asso-
ciated with a limited number of startups, while in others a
dense startup environment emerges under comparatively
constrained financial conditions. Such configurations indi-
cate that ecosystem performance cannot be adequately
evaluated using a single aggregated indicator, as different
structural profiles may correspond to similar absolute val-
ues.

For clarity of interpretation, the empirical data are sum-
marized in Table 1.

The data presented in Table 1 illustrate that countries
with comparable levels of funding may exhibit significantly
different levels of entrepreneurial activity. For example, Slo-
vakia demonstrates the highest funding volume but a rel-
atively small number of startups, whereas Ukraine shows
the opposite configuration, combining moderate funding
with a high density of entrepreneurial initiatives. This diver-
gence indicates that risk within defence-tech ecosystems
is not solely determined by resource availability but is also
shaped by the internal structure of resource allocation and
utilization. Thus, the analytical problem is reformulated
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Table 1

Key indicators of defence-tech ecosystem development in selected CEE countries

Country Funding (million €) Number of startups

Ukraine 36.55 60+

Poland 82.78 ~10

Estonia 37.70 ~8

Slovakia 157.84 ~5

Bulgaria 113.61 ~4-5

Czechia 25.30 ~4-5

Latvia 26.26 ~2

Lithuania 22.56 ~3-4

Croatia 13.22 ~3

Source: compiled by the authors based on [8]

from measuring absolute performance to identifying struc-
tural relationships between investment and entrepreneurial
dynamics. This provides the basis for constructing a formal
model that captures both the level of development and the
degree of internal imbalance.

To ensure comparability across countries, the variables
presented in Table 1 are transformed into a dimensionless
form using min—-max normalization. This procedure elimi-
nates scale effects and allows the analysis to focus on rel-
ative positions within the sample rather than absolute mag-
nitudes. Formally, each indicator is normalized as follows:

v Xi — Xmin
Xi_Xmax_Xmin’ (1)
where X, denotes the observed value of a variable for
country i, and X, , X, representthe minimum and max-
imum values across the dataset (The Recursive, 2025) [9].

Based on the normalized indicators, an integral index
of ecosystem development is constructed. This index com-
bines investment capacity and entrepreneurial intensity into
a single analytical measure:

M, =0.45F +0.55S,, 2)

where F is the normalized funding volume and S, is
the normalized number of startups. The weighting scheme
reflects the assumption that entrepreneurial density cap-
tures not only current activity but also the potential for eco-
system expansion. However, the integral index alone does

not capture the internal structure of the system. Two coun-
tries with similar values of A7, may differ significantly in the
way financial and entrepreneurial components are distrib-
uted. For this reason, a second indicator is introduced to
measure structural imbalance:

D =| 7=5 |

()

This indicator reflects the degree of synchronization
between investment and startup activity. Low values indi-
cate structural alignment, while high values signal asymme-
try between resource availability and innovation output. The
calculated results are summarized in Table 2.

The results indicate that high levels of development
are not necessarily associated with structural balance. In
particular, countries with the highest values of the integral
index also exhibit significant imbalance, suggesting that one
component dominates the other. This finding supports the
interpretation that ecosystem risk emerges from internal
misalignment rather than from insufficient resource avail-
ability alone.

To enhance analytical clarity, the results are visualized in
a two-dimensional space defined by the integral index and
the imbalance indicator.

The graphical representation reveals distinct structural
configurations. Countries located in the upper-right quad-
rant combine relatively high levels of development with
pronounced imbalance, indicating rapid but uneven growth.
In contrast, countries positioned in the lower-left quadrant

Table 2
Integral development index and structural imbalance of defence-tech
Country Integral development index M/, Structural imbalance D,
Ukraine 0.62 0.84
Poland 0.29 0.34
Estonia 0.13 0.07
Slovakia 0.48 0.95
Bulgaria 0.33 0.64
Czechia 0.08 0.00
Latvia 0.05 0.07
Lithuania 0.06 0.00
Croatia 0.02 0.04

Source: author’s calculations based on [8]
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Fig. 1. Distribution of countries in the "development-imbalance" space of defence-tech ecosystems

Source: author’s elaboration

exhibit both low development and structural consistency,
reflecting stable but limited ecosystems.

Thus, intermediate positions correspond to transitional
configurations in which one component gradually adjusts to
the other. This visualization demonstrates that ecosystem
development follows multiple structural trajectories rather
than a single linear path. Such differentiation is particularly
important for risk assessment, as it highlights that vulnera-
bility is linked not only to scale but also to the internal coher-
ence of the system. The introduction of the two-dimensional
representation (M,-*,Df ) thus provides a more nuanced
analytical perspective. It allows identifying structural types
of ecosystems and forms the basis for further analysis of
efficiency and dynamic interactions between investment and
entrepreneurial activity.

To further examine the relationship between invest-
ment capacity and entrepreneurial activity, the analysis is
extended using a logarithmic regression model. This spec-
ification allows capturing non-linear interactions between
variables and interpreting the relationship in terms of elas-
ticity, which is particularly relevant in the context of hetero-
geneous ecosystems [8].

The model is defined as:

InS, =a+PInF +¢, @)

where S_idenotes the number of defence-tech startups,
F_irepresents the funding volume, and Bmeasures the elas-
ticity of entrepreneurial activity with respect to investment.

The use of logarithmic transformation is methodologi-
cally justified, as it reduces the impact of extreme values
and enables comparison across countries with significantly
different scales of development. At the same time, this
approach reflects the economic interpretation of diminish-
ing marginal effects, which are typical for innovation-driven
sectors characterized by resource concentration and scaling
processes [13].

Also the estimated relationship indicates that the coeffi-
cient Bis positive but significantly less than one. This result
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implies that increases in funding lead to less than propor-
tional increases in the number of startups. In other words,
the marginal contribution of additional financial resources
to the creation of new entrepreneurial entities decreases as
funding grows. This pattern reflects a transition from exten-
sive growth, driven by the emergence of new startups, to
intensive growth, characterized by the scaling and consoli-
dation of existing projects [14].

Thus the results of the analysis demonstrate that the
development of military-tech startup ecosystems in Cen-
tral and Eastern Europe cannot be adequately interpreted
through traditional linear relationships between funding and
innovation activity. Empirical evidence indicates that eco-
systems evolve under conditions of structural heterogene-
ity, where the interaction between investment capacity and
entrepreneurial intensity produces multiple development
trajectories [8].

Akey finding is that similar levels of overall development
may correspond to fundamentally different internal config-
urations. In particular, ecosystems characterized by high
entrepreneurial density but limited funding exhibit strong
adaptive capacity but face constraints in scaling and long-
term sustainability. Conversely, ecosystems with substantial
financial resources but a limited number of startups demon-
strate a concentration of capital that does not fully trans-
late into broad-based innovation activity. These structural
asymmetries confirm that risk is not solely determined by the
availability of resources, but rather by the degree of align-
ment between key components of the ecosystem.

Also the introduction of the structural imbalance indica-
tor provides an additional analytical layer that allows iden-
tifying hidden sources of systemic vulnerability. High imbal-
ance values reflect a mismatch between investment flows
and innovation output, which may lead to inefficiencies in
resource allocation and reduced ecosystem resilience. This
interpretation is consistent with observations regarding
the challenges of scaling military-tech innovations, where
access to funding, regulatory constraints, and production
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capabilities play a critical role in determining the trajectory
of development [14].

Furthermore, the regression analysis highlights the
presence of diminishing returns to funding, indicating that
increases in financial resources lead to less than propor-
tional growth in startup activity. This suggests that beyond a
certain threshold, additional investment is primarily directed
toward scaling existing projects rather than generating new
entrepreneurial initiatives. Such dynamics are typical for
innovation ecosystems operating under conditions of tech-
nological complexity and institutional constraints, where
growth shifts from expansion to consolidation.

A group of scholars emphasize the necessity of stimulat-
ing the development of startups [15-18]. Thus, these findings
suggest that risk in military-tech startup ecosystems should
be interpreted as an endogenous structural phenomenon.
It emerges from the interaction between uneven resource
distribution, non-linear development patterns, and declining
marginal efficiency of investment. This perspective allows
moving beyond static risk assessment toward a dynamic
understanding of ecosystem evolution.

Conclusions. This study proposes an analytical
framework for assessing military-tech startup ecosys-
tems based on the integration of investment and entre-
preneurial dimensions. By combining normalization tech-
niques, index-based modelling, and structural analysis,

the research provides a multidimensional representation
of ecosystem development that captures both scale and
internal configuration. The findings indicate that ecosys-
tem performance is determined not only by the volume
of available resources but also by the degree of struc-
tural alignment between financial and innovation compo-
nents. The introduction of the structural imbalance indi-
cator enables identifying configurations associated with
increased systemic risk, while the regression-based anal-
ysis reveals diminishing returns to investment as a key
mechanism shaping ecosystem dynamics.

The proposed model contributes to the methodological
development of analytical tools for studying high-risk inno-
vation systems operating under conditions of uncertainty
and rapid technological change. It offers a framework for
evaluating not only the level of development but also the
efficiency and sustainability of resource transformation pro-
cesses within military-tech ecosystems.

From a practical perspective, the results highlight the
importance of coordinated development policies that ensure
alignment between funding mechanisms and entrepreneur-
ial activity. Future research may extend the proposed frame-
work by incorporating additional variables, such as institu-
tional capacity, regulatory environment, and technological
specialization, in order to further refine the assessment of
ecosystem resilience and long-term growth potential.
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eKkocucmeM 8ilicbKO80-mexXHOMo2iYHUX cmapmarnig y LleHmparnsHit ma CxiOHil €8porni Ha OCHO8I KiflbKICHUX QaHUuX,
wo onucyroms obcseu iHaHCysaHHS ma akmueHicmb cmapmarnig. Memor docnidxeHHs € adanmauisi CyYyacHUX
aHanimuyHuUx iHcmpymeHmie Or1s1 OUiHKU pU3UKY eKocUCmeMU 8 yM0o8ax CmpyKmypHOI eemepo2eHHOCMi ma HeriHilIHoO20
po3sumky. MemodonoeaiyHul nidxid noedHye MmemoOu Hopmarnisauii, MoOesntoeaHHs1 Ha 0CHO8i iIHOeKcie ma cmpykmypHuU
aHanis. Posensidatombcsi d8a K408l BUMIPU PO38UMKY eKocuCmeMu: iHeecmuuyitiHa CripOMOXHICMb ma iHMeHCUBHICMb
nidnpuemHuymea. Ha yiti ocHogi mobydosaHo iHmezpanbHuUll iIHOEKC pO38UMKY ma NoKasHUK cmpyKmypHoz2o ducbaraHcy,
wo do3eor1sie IPo8oduMu bazamosumipHy OUIHKY KOHebieypauil ekocucmemu, a He eQUHY agpeaosaHy OUiHKY. Pesynbmamu
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OeMoHCmpyromb, Wo Mo0ibHI pigHi Po38UMKY ekocucmeMu MOXymb 8i0nogidamu MPUHYUNOBO PI3HUM 8HYMPIWHIM
cmpykmypam. 3okpema, 8ucokull pieeHb MIONPUEMHUUBLKOI akmugHOCmi He 3aexou nidmpumyembscsi NpornopuitiHo0
iHeecmuuitiHoro cripomoxHicmio, mo0i K 3Ha4Hi ¢hiHaHcosi pecypcu MoxXymb Bymu 30cepedXeHi 8 Mexax 0OMexXeHoI
Kirlbkocmi npoekmis. Lg po3bixHicmb ceiduumsb Mpo me, WO PU3UK BUHUKAE He nuwe Yepes HedocmamHicmb pecypcis,
ane U 4yepe3 HeegidnogiOHicmb MiX (hiHaHCOB0K0 ma iHHOBAUiliHOW CKNadosuMu. AHari3 MakoX 8USIBNSE 3MEHWEHHS
giddauyi 8i0 hiHaHCyBaHHS, WO €8iI0YUMb PO me, wWo 36inbWeHHs iHeecmuuyit Mpu3eodums 00 MeHW MPONopPYiliHO20
3pocmaHHs Kinbkocmi cmapmarnis. JocnidxeHHs 00MOBHIOE ICHYKOYYy nimepamypy, 8800a49u cmpykmypHut ducbanaHc
SK KIMo4osUU aHanimuyHUl 8uMip ma iHmezapytodu YUCeHHI aHanimuyHi IHempymeHmu 8 eQUHY cmpykmypy Onisi OUiHKU
ekocucmemu. 3arnporoHosaHul nidxi0 3abe3nedye Oinbw MOBHE PO3YMIHHSI €KOCUCmeM 8iliCbKOBO-MEXHOM02iYHUX
cmapmanig ma fponoHye Memo0os102iyHy 0CHO8Y 07151 OUIHKU iXHbOI echekmugHocmi, MacwmabosaHocmi ma cmitikocmi
8 yMOBax Hegu3Ha4eHoCMi ma WeudKUX MEXHOI02IHHUX 3MIH.

Knroyoei cnoea: aHanis eghekmusHocmi, yrnpasniHHs npoekmamu, mMamemMamuyHe MOOesTo8aHHs, OuiHKa pu3ukie,
b6i3Hec-aHanimuka, dieimanisauis, cmeopeHHs IT-npodykmy, npodakm MeHeOXMeHm, iHeecmuuii, 8ilicbKOBO-MEXHOMO2IYHI
cmapmanu.
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