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ECONOMY UNDER CONDITIONS OF
DIGITALIZATION OF FINANCIAL AND
ECONOMIC SYSTEM MANAGEMENT

ABSTRACT

The study clarifies the essence of innovation infrastructure as a digitally-oriented eco-
system, develops an integrated model of its development based on the triple helix
model, taking into account the digital component. Digitalization (Weighted index IID),
which takes into account the different significance of eight key indicators. The empirical
study was conducted based on the comparative analysis of Ukraine with six countries
(Norway, Estonia, Poland, Slovakia, Romania, and Moldova). The main results of the
study showed that Ukraine ranks 6th among the seven countries under study in terms
of the innovation development of the infrastructure, with an index value of 26.44 (com-
pared to 169.26 in Norway and 147.34 in Estonia). The most critical weaknesses are
extremely low business spending on R&D, weak network cooperation of innovatively
active small and medium-sized businesses, low intensity of public-private interaction,
and insufficient use of cloud technologies by enterprises. At the same time, Ukraine's
relative competitive advantage is a relatively higher level of venture capital. The
Weighted index IID has been tested, which takes into account the different importance
of indicators for the formation of a modern innovation ecosystem. The results obtained
confirm that in the digitalization context, the efficiency of innovation infrastructure is
determined not so much by the presence of individual objects as by the synergy be-
tween the digital basis, financial and resource support, and network interaction of the
participants in the triple helix. The identified significant imbalances indicate the need to
intensify research and development in business, develop digital infrastructure, and stim-
ulate public-private cooperation.

Keywords: innovation infrastructure, digitalization, triple helix, weighted integral
index, venture capital, network cooperation, financial and economic system, Ukraine

JEL Classification: 031, 033, G20, L86

INTRODUCTION

Under the conditions characterized by accelerated digital transformation (DT) of all
spheres of public life, the innovative infrastructure of the national economy acquires a
new meaning and strategic importance. Infrastructure ceases to be only a set of indi-
vidual objects (technology parks, business incubators, and technology transfer centers)
but turns into a key element of the digital ecosystem that ensures the interaction of
science, financial resources, business, and the state in the context of digitalization man-
agement of financial and economic systems.

For Ukraine, the issue of developing innovation infrastructure is especially acute. On the
one hand, the country has significant scientific and technical potential and has identified
European integration as a strategic priority. On the other hand, in terms of the devel-
opment level of innovation infrastructure and digital maturity, Ukraine is significantly
lagging behind the countries of the European Union. This is confirmed by the European
Innovation Scoreboard 2025, according to which Ukraine belongs to the “Emerging In-
novator” group with low scores in most infrastructure indicators. In these conditions,
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the search for effective mechanisms for the development of innovation infrastructure in the digitalization context acquires
both theoretical and important practical importance.

The relevance of the study is due to the need for scientific substantiation of approaches to the formation of a modern
innovation infrastructure capable of functioning in the DT context of management of financial and economic systems, as
well as the development of tools for its quantitative assessment and comparative analysis.

LITERATURE REVIEW

The transformation of economic systems under the influence of digital technologies leads to a rethinking of the essence
of innovation infrastructure, which is increasingly interpreted not as a set of individual institutions, but as an integrated
digitally-oriented ecosystem (Shkarlet & Dubyna, 2017; Obydiennova et al., 2024; Amir et al., 2025).

According to the approach (Etzkowitz & Leydesdorff, 2000), the effectiveness of innovative development is determined by
the interaction level between universities, business, and the state. Further research confirms that it is the intensity of these
interconnections that forms the basis of modern innovation ecosystems (Cai & Lattu, 2022; Bulgakova, 2025; Danylovych
et al., 2024).

In the context of DT, this model is undergoing an evolution, complemented by a digital dimension that enhances network
effects and reduces the transaction costs of innovation activities. In particular, Yu et al. (2023) argue that the digital
economy is changing the behavior of enterprises towards innovation, forming new mechanisms for the creation and diffu-
sion of knowledge, while Wei (2025) emphasizes the role of digital infrastructure in increasing the efficiency of innovation
processes by reducing costs and increasing the availability of resources.

Modern writings emphasize the need for an integrated approach, including digital infrastructure, financial support, net-
working, and mechanisms for commercializing innovations (Zybareva et al., 2023; Hryhoruk et al., 2024; Tanasiichuk et
al., 2024). At the same time, digital technologies (broadband, cloud computing) are considered the basic platform for the
functioning of innovation ecosystems.

The research confirms the importance of financial instruments; in particular, business R&D spending is a key driver of
innovation hubs and technology clusters (Zhang et al., 2025), while venture capital plays a crucial role in bridging the gap
between research and development (Kato, 2025). At the same time, government spending forms the basic scientific infra-
structure that ensures the generation of knowledge.

Special attention in the scientific literature is paid to network interaction as a key element of innovation infrastructure.
Audretsch et al. (2023) prove that cooperation between SMEs is a critical factor in increasing innovation activity, while the
indicator of public-private publications is considered an indicator of the effectiveness of technology transfer (De Martino
et al., 2026).

Ukrainian scientific research develops these approaches, including military challenges and European integration processes.
In particular, Perminova et al. (2024) consider innovation infrastructure as the basis for Ukraine's economic revival during
the period of military aggression, emphasizing the need for state incentives for the development of digital innovation
ecosystems, including e-governance, technology transfer platforms, and networking.

Kalat et al. (2026) emphasize its importance for the resilience of regional ecosystems. Makarov (2025) emphasizes the
need to develop digitally integrated research infrastructures, examines the formation of new research infrastructures in
Ukraine in modern conditions, emphasizing the transition from traditional forms to digitally integrated structures that
ensure the protection of intellectual property and the commercialization of the results of scientific developments. Research-
ers by Hrubliak et al. (2026) and Alieksieiev & Navrotskyi (2026) also confirm that digitalization is a key factor in adapting
the Ukrainian economy to modern challenges.

In recent years, researchers have focused on the transformation of innovation infrastructure under the influence of the
digital economy. Yu et al. (2023) show that the digital economy is radically changing the behavior of enterprises towards
innovation, transforming traditional infrastructure into a digitally-oriented ecosystem, where cloud technologies and digital
platforms become key elements in accelerating innovation processes. Wei (2025) explores how digitalization policies affect
the innovation activity of enterprises, highlighting the role of digital infrastructure in reducing transformation costs and
enhancing innovation potential.

Ukrainian scientists are developing this understanding, taking into account the realities of war, European integration, and
DT. Kalat et al. (2026) conduct a systematic analysis of regional innovation infrastructure as a factor of sustainability of
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regional innovation ecosystems in Ukraine and note that innovation infrastructure is not only a set of objects (technology
parks, business incubators, technology transfer centers), but a structural and functional system that should provide the
entire life cycle of innovations — from idea generation to scaling, with the obligatory consideration of the digital component
to overcome spatial and functional imbalances.

Malykhin & Voloshyn (2025) emphasize the role of financial intermediaries in the formation of the innovative infrastructure
of the digital financial services market, considering it as a system that combines financial, technological, and information
components in the context of digitalization.

Thus, in the digitalization context of the management of financial and economic systems, the essence of innovation infra-
structure is significantly transformed. The innovation infrastructure of the national economy ceases to be a static set of
physical objects and becomes a digitally-oriented ecosystem, where high-speed Internet, cloud technologies, digital plat-
forms and network interactions provide rapid knowledge transfer, reducing barriers for startups and increasing the resili-
ence of the national economy to external shocks.

Understanding innovation infrastructure combines systemic, ecosystem and digital approaches: it is a dynamic network
that ensures the interaction of science, business, government and digital technologies to transform knowledge into com-
petitive innovations.

The modern significance of innovation infrastructure in national innovation systems lies in its role as the main mechanism
for organizing interaction between the key participants in the innovation process — universities (science), industry (busi-
ness) and the state. It is this interaction that ensures the transformation of knowledge into competitive innovations and is
the core of the modern theory of innovative development.

The Triple Helix Model, proposed by G. Itzkowitz and L. Leidesdorf (2020), has become one of the most influential con-
ceptual tools for analyzing the national innovation system. In this model, innovation infrastructure is not just a set of
objects (technology parks, incubators, or technology transfer centers), but a dynamic system of intersections of three
“spirals” — universities, business, and the state — that are constantly changing their roles. Such interaction creates a
synergistic effect that accelerates the generation, transfer, and commercialization of knowledge (Figure 1).

‘ Universities (U) ’

7\

L i)

Business (B) ’ > ‘ Government (G)

Figure 1. Triple Helix Model Diagram. (Source: compiled by the authors based on their own research)

Spirals constantly intersect and “rotate” around each other, forming hybrid institutions — science parks, venture funds,
technology transfer centers. In the digital environment, these intersections are amplified by broadband, cloud technology,
and digital platforms.

Thus, the theoretical significance of innovation infrastructure lies in the fact that infrastructure is not just a supporting
element, but an active institutional mechanism that ensures the synergy of three components, reduces barriers between
science, business, and the state, and creates conditions for effective DT of the national economy.

Cai & Lattu (2022), in their comparative analysis of triple and four-link helix models, emphasize that Triple Helix remains
the most effective analytical tool for empirical research of innovation systems precisely because of the “Occam's blade”
principle: the model simplifies the complexity of real-world interactions by focusing on the three main components and
their networks.

In modern Ukrainian research, the triple helix model is also considered a key conceptual framework. Danylovych et al.
(2024) state that today the model of the innovation cycle is being replaced with the “triple helix” model and, as a result,
there has been a change in the emphasis, forms, and significance of educational, business, and scientific institutions in
the innovation process, where the main role has begun to be played by the university infrastructure.

Bulgakova (2025), Volodin et all. (2025) develops this idea in the context of digitalization and globalization, proposing to
use the triple helix model as the basis for the conceptual design of the global innovation system, highlighting three key
components: international innovation cooperation, knowledge and capital flows, and institutional and legal infrastructure,
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which is especially relevant for countries undergoing DT of the management of financial and economic systems.

The results of empirical studies by Ukrainian and foreign scientists confirm that the selected eight indicators adequately
and comprehensively characterize the level of development of the innovation infrastructure of the national economy,
especially in the context of digitalization. These indicators reflect the key components of infrastructure: digital basis,
resource and financial support, network connections, technology transfer, and innovation performance:

1. High-speed internet/Broadband and Cloud computing/Use of information technologies by enterprises characterize
digital infrastructure, which is the foundation of modern innovation ecosystems. Wei (2025) and Yu et al. (2023)
prove that digital infrastructure (broadband and cloud technologies) significantly reduces transaction costs and
accelerates the commercialization of innovations.

2. Business R&D expenditure and Public R&D expenditure reflect the resource provision of innovation infrastructure
(corporate R&D centers, state scientific institutions). Research by Zhang et al. (2025) confirms that business R&D
spending is one of the strongest drivers of the creation of technology parks and technology transfer centers, while
government spending forms the basic scientific infrastructure.

3. Venture capital expenditures are a key financial indicator of infrastructure. Kato (2025) argues that venture capital is
a catalyst for the creation of business incubators, technology parks, and the acceleration of the commercialization of
innovations, especially in emerging economies.

4. Innovative SMEs collaborating with others characterizes the network component of the infrastructure (clusters,
incubators). Audretsch et al. (2023) empirically confirm that SME cooperation is one of the strongest factors of
innovation activity and infrastructure development.

5. Public-private co-publications reflect the effectiveness of technology transfer between science and business. De
Martino et al. (2026) prove that this indicator is a reliable proxy for assessing the quality of public-private cooperation
and the functioning of technology transfer centers.

6. PCT patent applications characterize the effectiveness and protection of intellectual property of innovation
infrastructure. EIS 2025 and GII include PCT patents in the “Intellectual assets” dimension, considering them an
important indicator of innovations entering the international market.

At the same time, the analysis of scientific literature indicates the lack of integrated approaches to the quantitative assess-
ment of innovation infrastructure, taking into account the digital component and the importance of individual factors. Most
of the existing studies either focus on individual components of the infrastructure or do not take into account their inte-
gration effect.

AIMS AND OBIJECTIVES

The purpose of the study is to theoretically substantiate and empirically assess the development of the innovation infra-
structure of the national economy of Ukraine in comparison with the countries of Central and Eastern Europe and the
leading countries (Norway and Estonia) in the digitalization context of the management of financial and economic systems.
The objectives of the study are:

= to generalize theoretical approaches to the development of innovative infrastructure in the context of digitalization;

= to identify key indicators and drivers of innovative infrastructure development; to develop and test an integrated
model and Weighted index for assessing innovative infrastructure development;

= to conduct a comparative analysis of Ukraine and selected European countries regarding digital and innovative de-
velopment;

= to substantiate strategic directions for strengthening state policy in the field of digital and innovative transformation.

METHODS

The study used general scientific methods: dialectical, systemic and structural-functional analysis, comparative method,
methods of statistical analysis, calculation of integral indices, as well as data visualization methods.

Since the purpose of the study is a targeted assessment of innovation infrastructure precisely in the context of digitalization
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of management of financial and economic systems, a system of eight indicators was selected for a comprehensive assess-
ment of the level of its development, which reflect its key components:

= comprehensively cover all key components of innovation infrastructure (digital database — financing — network
connections — transfer — real activity);

= have official, regular statistics (Eurostat, EIS 2025), which makes them suitable for comparing Ukraine with Poland,
Estonia, Romania, Slovakia, Norway and Moldova;

= correspond to the modern concept of national innovation systems and the “triple helix” (business — universities —
state), where infrastructure is not only buildings, but also mechanisms of interaction and digitalization (Table 1).

Table 1. A set of indicators that characterize the degree of development of the innovation infrastructure of the national economy.

Indicator group

Showman

Impact on innovation
infrastructure

Justification

Digital infrastructure (the
basis of a modern innova-
tion ecosystem)

High-speed internet /
Broadband

The level of access to high-
speed Internet is the foun-
dation for digital collabora-
tion, platforms, data, and
remote work

Digital infrastructure is a necessary prerequisite for the
functioning of modern technology parks, incubators and
network ecosystems. Without it, other elements are inef-
fective

Digital infrastructure

Cloud computing / Use of
information technologies by
enterprises

Level of use of cloud tech-
nologies and IT by enter-
prises

Shows the digital maturity of the business and the readi-
ness of enterprises to use modern infrastructure (digitali-
zation of innovations)

Financing and resource
provision

Business R&D expenditure
(% GDP)

Business R&D expenses

The most important indicator: business R&D centers, cor-
porate laboratories, and investments in innovations are
the basis for “renewing” the infrastructure

Financing and resource
provision

Public R&D expenditure

Government spending on
R&D (universities, state la-
boratories)

Characterizes the state scientific infrastructure, which cre-
ates a knowledge base for further transfer to business

Financing and resource
provision

Venture capital

Volume of venture capital

A key element of financial infrastructure for startups and
scaling innovations

Networking and coopera-
tion

Innovative SMEs collaborat-
ing with others

Share of innovatively active
small and medium-sized
businesses cooperating
with others

It directly reflects the efficiency of infrastructure (incuba-
tors, clusters, technology parks) — how well network con-
nections are established

Networking and coopera-
tion

Public-private co-publica-
tions

Joint publications of scien-
tific institutions and busi-
ness

Quality Indicator of Technology Transfer and Cooperation
between Science and Business (Work of Technology
Transfer Centers)

Results and protection of
innovations

PCT patent applications
(per 1 billion GDP)

International Patent Appli-
cations (PCT)

Reflects the level of intellectual property protection and
infrastructure effectiveness (output of innovations)

In order to focus on innovation infrastructure, we deliberately moved from a general index (Summary Innovation Index)
to a specialized index focused on the infrastructure component. The selected 8 indicators directly correspond to the key
elements of innovation infrastructure in the current literature: digital infrastructure (1, 2); resource and financial support
(3, 4, 5); network and institutional interaction (6, 7); and protection and commercialization performance (8).

Based on the fact that innovation infrastructure is not just a set of indicators, but a system that should provide funding
for innovations, create network links between business, science, and the state, support the digital basis of modern tech-
nologies, and promote the commercialization of knowledge. Therefore, to assess the development level of the innovation
infrastructure of the management of financial and economic systems, we take into account the different significance of
these indicators.

The greatest weight was given to indicators that directly form the resource, financial, and organizational basis of innovation
activity (business spending on R&D, venture capital, network interaction of enterprises). Lower weights were assigned to
indicators that characterize the supporting conditions for the development of innovations (digital infrastructure, state
spending on science), and the lowest weight was given to the effective indicator of patent activity, which reflects the
consequences of the functioning of the innovation infrastructure, rather than its direct formation (Table 2).
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Table 2. Explanation of the weight of indicators that characterize the development level of the innovation infrastructure of the national
economy.

Indicator Weight Justification

The most important factor. Business spending on R&D is the basis for creating an innovative infrastructure
(corporate R&D centers, internal laboratories, cooperation with universities). Without active business, the in-
frastructure (technology parks, incubators) remains empty. In leading countries, business finances 60-70%
20% of R&D. However, assigning this indicator a higher weight than is appropriate from a methodological point of
view, since the integral index is designed to assess the development of innovative infrastructure as a multi-
component system. Despite the fact that business spending on R&D is one of the most important drivers of
innovative development, it reflects only the resource aspect of the functioning of innovative infrastructure

R&D expenditure in the
business sector

Venture capital expend-
itures

A very high weight, because venture capital is a key element of the financial infrastructure for startups and

0,
18% scaling innovations. VC Allows “Death Valley” Between Research and Market

High weight, since the network cooperation of SMEs is the basis of clusters, business incubators, and joint
15% projects. Innovations today are rarely created alone. This indicator well reflects the efficiency of infrastruc-
ture (incubators, technology parks, clusters)

Innovative SMEs collab-
orating with others

Public-private co-publi- An important indicator of the quality of technology transfer and cooperation between science and business;

0,
cations 12% shows how the infrastructure (transfer centers, science parks) works in practice
High-speed internet 10% Digital infrastructure is a necessary basis for a modern innovation ecosystem (remote collaboration, plat-
(Broadband) ° forms, data, AI), without which other elements are ineffective
) It is very important for the DT of innovations, as it shows the level of digital maturity of enterprises and the
0, '’
Cloud computing 10% use of modern infrastructure
R&D expenditure in the 8% Lower weight, because government spending creates a base (universities, state laboratories), but without
public sector ° business and VC rarely leads to commercial innovation
The lowest weight among the selected ones, because patents are a result, not directly infrastructure, which
more reflects intellectual property than the infrastructure itself (technology parks, incubators). The presence
PCT patent applications 7% of significant investments in R&D does not always translate into the creation of new technologies suitable for

legal protection and further commercialization. In international practice, there are significant differences be-
tween countries in the efficiency of converting R&D costs into patent results. That is why using only financing
indicators does not allow assessing how effectively the innovation infrastructure functions.

The use of a weighted index allows us to take into account the different importance of indicators for infrastructure. For
example, venture capital and business R&D have a much higher weight for the creation of technology parks and incubators
than individual indicators of “"Human resources.”

To assess the development level of the innovation infrastructure of the national economy in the digitalization context of
the management of financial and economic systems, a weighted integral index of innovation infrastructure development
(Weighted index IID) was calculated.

The index is built taking into account the strengthening of the role of digital technologies in the formation of modern
innovation ecosystems and allows you to quantify the degree of readiness of infrastructure to work in the context of DT.
The calculation is carried out as a linear weighted sum of eight key indicators according to the following formula:

Weighted index IID = (R&Dbizx0.20)+(VCx0.18)+(SMEscollabx0.15)+(Pub-privx0.12)+(Inter-
netx0.10)+(Cloudx0.10)+(R&Dpubx0.08)+(PCTx0.07) (D)

where: R&Dbiz — business sector expenditures on research and development; VC — the volume of venture capital;
SMEscollab — share of innovatively active SMEs that carry out cooperation; Pub-priv — the number of joint publications of
the public and private sectors; Internet — the level of penetration of high-speed Internet (High-speed internet / Broad-
band); Cloud — the level of use of cloud technologies by enterprises; R&Dpub — government spending on R&D, PCT — the
number of international patent applications.

The use of a weighted model allows not only to compare Ukraine with other countries, but also to identify how effectively
the innovation infrastructure adapts to the conditions of digitalization of the management of financial and economic sys-
tems.

For a comparative analysis of the management of six countries, the following were selected, namely: Poland, Estonia,
Romania, Slovakia, Norway and Moldova. The choice of these countries is due to the following key factors:

1. Regional context. Poland, Romania, Slovakia and Moldova are Ukraine’s immediate neighbors and countries of Central
and Eastern Europe; Norway and Estonia are European countries with which economic relations can potentially
develop, which allows us to take into account common historical, economic and geopolitical conditions, as well as
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similar challenges associated with post-socialist transformation, integration into the European space and the influence
of external threats.

2. Innovation infrastructure: Poland, Estonia, Romania and Slovakia are member states of the European Union, which
makes it possible to assess how EU membership affects the development of innovation infrastructure. Norway,
although not a member of the EU, actively participates in European programs (Horizon Europe, EEA grants) and has
a high level of integration with the European scientific and innovation space. Moldova, like Ukraine, is a candidate
country for accession to the EU, which makes it a particularly valuable object of comparison in terms of the prospects
for European integration and adaptation to the requirements of digitalization of management.

3.  Different levels of innovation development (according to the Global Innovation Index 2025 and the European
Innovation Scoreboard 2025). The selected countries represent different groups of innovation development:

= Norway is a highly developed country with a strong innovation system, which serves as a benchmark in the field
of digitalization and effective use of venture capital (according to the Global Innovation Index 2025, 20th place
among countries in the world);

= Estonia is one of the fastest-growing EU countries in terms of innovation indicators, especially in the digital
sphere (according to the Global Innovation Index 2025, 16th place among countries in the world, according to
the European Innovation Scoreboard 2025 — “Strong Innovator”);

. Poland and Slovakia are countries with a similar level to Ukraine, but with noticeable progress in digitalization
and business R&D (according to the Global Innovation Index 2025, 39th and 47th places among countries in
the world, respectively, according to the European Innovation Scoreboard 2025 “Emerging Innovators”);

. Romania — allows us to show internal differences within the group of countries with a weaker degree of inno-
vative development (according to the Global Innovation Index 2025, 49th place among countries in the world,
according to the European Innovation Scoreboard 2025, “Emerging Innovators”);

= Moldova — a candidate country with similar starting conditions and challenges to Ukraine, which makes it pos-
sible to assess the differences in the trajectories of development of innovation infrastructure (according to the
Global Innovation Index 2025, Moldova ranks 74th among countries in the world and Ukraine 66th).

4.  Digital and infrastructure dimension: Estonia and Norway are leaders in DT in Europe (e-governance, high penetration
of broadband and cloud technologies), which is especially important for assessing the digitalization of the
management of financial and economic systems. Poland, Romania and Slovakia demonstrate different models of DT
in the countries of Central and Eastern Europe, and Moldova — similar limitations and potential.

The selected group of countries allows for a comparison “on the same level” and simultaneously shows benchmarks
(Norway and Estonia) and realistic goals (Poland, Slovakia). Comparing Ukraine with these countries allows, on the one
hand, to identify competitive advantages and gaps in relation to countries with a similar historical and economic back-
ground, and on the other hand, to identify benchmarks and best practices for the development of innovation infrastructure
in the context of digitalization. Comparison with Norway and Estonia allows us to clearly see what results a country can
achieve with an effective digitalization policy and development of innovation infrastructure. Comparison with Poland, Ro-
mania and Moldova shows at what stage of reform Ukraine is in relation to countries with a similar historical and economic
context.

RESULTS

The innovation infrastructure of the national economy is an important component of the national innovation system and
is a complex, dynamic system of interconnected organizations, institutions, resources and digital platforms, which ensures
the creation, transfer, commercialization and diffusion of innovations at all stages of the innovation cycle in the context of
digitalization of the management of financial and economic systems.

The selected indicators are not arbitrary, but are based on the internationally recognized EIS and GII methodology, as
well as confirmed by empirical studies of recent years and comprehensively cover both input resources (R&D, VC, digital
infrastructure) and network connections and output results of innovation infrastructure, which is especially important in
the digitalization context of management of financial and economic systems.

To visualize the relationship between the classical triple helix model and empirical indicators, an integrated model has
been developed (Figure 2).
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The digital component of the infrastructure
(High-speed internet / Broadband, Cloud computing / Use of IT)

v

INNOVATIVE INFRASTRUCTURE
(the core of the model in the context of digitalization)

| Universities H Government |<—>| Business \

I 7] )

Resource Support \

Networking (Innovative

Resource allocation -
| (Business

(Public R&D) SMEs collborating) R&D, Venture capital)
S g S S g S I_ ______________________________ 4
v v
| Public-private co-publicatons I | PCT patent applications I

I |
v

EFFECTIVENESS OF INNOVATION INFRASTRUCTURE ’

(commercialization of innovations, technology parks, business
incubators, technology transfer center)

Figure 2. Integrated model for the development of innovation infrastructure based on a triple helix model in the digitalization context.
(Source: compiled by the authors on the basis of their own research)

In the proposed model, the three main participants in the triple helix (universities (science), business (industry), and the
state) interact through four key areas of innovation infrastructure development:

1.  Thedigital component of the infrastructure (High-speed internet/Broadband and Cloud computing/Use of information
technologies by enterprises) acts as the digital core of the model, which provides a technological platform for rapid
interaction between all components, lowers the barriers of space and time, and is a necessary condition for the
digitalization of the management of financial and economic systems.

2. Resource and financial support (Business R&D expenditure, Public R&D expenditure, Venture capital) forms the ma-
terial and financial basis of the infrastructure. Business R&D and venture capital are mainly associated with the
“Business” spiral, government spending on R&D is mainly associated with the “State” spiral, and their combination
creates conditions for the emergence of new infrastructure facilities (technology parks, incubators, technology trans-
fer centers).

3. Network and institutional interaction (Innovative SMEs collaborating, Public-private co-publications) implements the
very essence of the triple helix — constant interaction and “crossing of roles” between universities, business, and the
state. This area directly affects the creation of clusters, the effective operation of business incubators and technology
transfer centers.

4. Efficiency (PCT patent applications and Innovation-active enterprises) is the initial result of the functioning of the
entire system, which reflects how effectively the innovation infrastructure ensures the commercialization of
knowledge and the introduction of innovations in the national economy.

The proposed integrated model shows that in the digitalization context of management of financial and economic systems,
the digital component is not a separate element, but permeates all the interactions of the triple helix, enhancing the
synergistic effect between the constituent elements. The weakness of any direction (for example, a low level of network
cooperation or cloud technologies) leads to an imbalance of the entire innovation infrastructure.

This approach allows not only to diagnose the current state of innovation infrastructure, but also to determine the priority
areas of the state policy of DT.

For the empirical assessment of the development level of the innovation infrastructure of the national economy in the
digitalization context of the management of financial and economic systems, eight key indicators have been analyzed. The
data are presented as a percentage of the EU average (100%). The comparison was made between Ukraine and six
countries representing different levels of innovative development and DT (Table 3).
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Table 3. Actual values of indicators of innovation infrastructure development in the countries of comparison (% of the EU average).
(Source: compiled by the authors based on calculations carried out on the basis of GII 2025, EIS 2025)

High-speed Business Innovative | Public-pri- Cloud com-
N Public R&D Venture vate co- PCT patent puting /
Country internet / R&D ex- ) . SMEs col- . e
. expenditure capital - publica- applications | Use of IT by
Broadband penditure laborating . .
tions enterprises
Norway 124.2 69.7 113.3 121.0 238.9 459.3 78.7 155.9
Estonia 96.8 70.3 106.7 270.0 165.7 204.5 51.9 134.3
Poland 103.9 66.2 71.7 20.1 48.1 62.6 41.4 126.8
Slovakia 83.6 37.2 55.0 18.6 71.2 78.7 45.0 71.8
Romania 127.5 19.3 13.3 12.6 0.00 36.5 25.6 30.3
Ukraine 85.0 10.4 5.0 43.5 7.6 13.8 33.3 25.0
Moldova 60.0 0.1 9.8 0.0 36.7 4.8 20.3 15.0

Comparative analysis shows that the differences between countries lie not only in the absolute level of individual indicators,
but primarily in the balanced development of the components of the innovation infrastructure. The study shows the exist-
ence of two fundamentally different development models.

The first model is typical for Norway and Estonia, where high indicators of digital infrastructure are combined with signifi-
cant amounts of research and development funding, developed venture capital, and intensive interaction between business
and the scientific sector. It is especially indicative that the high level of business spending on R&D is accompanied by high
values of indicators of cooperation of innovative enterprises and joint publications. This indicates the presence of a holistic
innovation ecosystem in which financial, digital and institutional elements mutually reinforce each other.

The second model is typical for countries with fragmented development of innovation infrastructure, which include Ukraine,
Romania and Moldova. These countries are characterized by the presence of individual relatively strong components in the
absence of systemic interaction between them. In particular, Romania has one of the best indicators of access to broad-
band Internet (127.5% of the EU average), but demonstrates low results in terms of R&D financing, venture capital, and
cooperation of innovative enterprises. That is, the development of digital infrastructure in itself does not ensure the for-
mation of an effective innovation system.

Ukraine is characterized by an even more pronounced structural imbalance. A relatively acceptable level of digital accessi-
bility (85.0% of the EU average) and venture capital (43.5%) is not accompanied by a sufficient level of R&D financing
and network interaction between innovation entities. Particularly critical is the lag in the indicators of cooperation of inno-
vative small and medium-sized enterprises (7.6%) and joint scientific and business publications (13.8%), which are indi-
cators of the effectiveness of knowledge transfer mechanisms. Thus, the main problem of Ukraine is not so much the
insufficient level of digitalization, but the weakness of institutional mechanisms of interaction between science, business
and the state.

An important result of the study is the finding that a high level of patent activity does not always directly depend on the
level of digital infrastructure. For example, Ukraine demonstrates a higher level of international patent activity (33.3%)
than Romania (25.6%), despite significantly worse digital infrastructure indicators. This indicates the presence of scientific
and technological potential, which is not provided with proper mechanisms for commercialization and scaling of innova-
tions.

Ukraine ranks second to last among the comparison countries by most indicators, ahead only of Moldova. The largest gaps
are observed in business R&D, network cooperation, public-private interaction, and the use of cloud technologies. At the
same time, a relative strength, venture capital, creates a certain potential for accelerated development of innovation
infrastructure, provided that the digital component and network integration are strengthened. The results obtained confirm
the need for a targeted policy of digitalization of management of financial and economic systems to overcome existing
imbalances.

The results obtained confirm that the key factor in the development of innovation infrastructure is not individual elements,
but their interaction. It is the combination of R&D financing, digital infrastructure, venture capital, and effective network
connections that ensures the formation of a sustainable innovation ecosystem. For Ukraine, the priority area should be not
only the increase in the resource provision of innovations, but also the development of institutional mechanisms for coop-
eration between scientific institutions, business and the state, which is a necessary condition for the digital transformation
of the management of financial and economic systems.

350 DOI: 10.55643/fcaptp.3.68.2026.5251


https://fkd.net.ua/
https://www.fta.org.ua/

FINANCIAL AND CREDIT ACTIVITY: PROBLEMS OF THEORY AND PRACTICE
ISSN: 2306-4994 | eISSN: 2310-8770 | Volume 3 (68), 2026

For a comprehensive quantitative assessment of the development level of the innovation infrastructure of the national
economy in the digitalization context of management of financial and economic systems, a weighted integral index of
innovation infrastructure development (Weighted index IID) has been calculated.

The index is built on the basis of eight key indicators, taking into account their theoretical and practical significance for
the formation of a modern innovation ecosystem. The weighting factors reflect the priority of factors in the context of DT:
business spending on R&D, venture capital, and network cooperation of enterprises received the greatest weight (Table 4).

Table 4. Calculation of the weighted integral index of innovation infrastructure development (Weighted index IID) in the countries of
comparison, 2025. (Source: compiled by the authors based on calculations)

Counry | RS0 | Ot colah | Pabzpr | et | cowd | Rapmb | PCT | Uinder | ank
(15%) 1ID
Norway 13.94 21.78 35.84 55.12 12.42 15.59 9.06 5.51 169.26 1
Estonia 14.06 48.60 24.86 24.54 9.68 13.43 8.54 3.63 147.34 2
Poland 13.24 3.62 7.22 7.51 10.39 12.68 5.74 2.90 63.30 3
Slovakia 7.44 3.35 10.68 9.44 8.36 7.18 4.40 3.15 54.00 4
Romania 3.86 2.27 0.00 4.38 12.75 3.03 1.06 1.79 29.14 5
Ukraine 2.08 7.83 1.14 1.66 8.50 2.50 0.40 2.33 26.44 6
Moldova 0.02 0.00 5.51 0.58 6.00 1.50 0.78 1.42 15.81 7

The results of calculating the weighted integral index indicate a significant differentiation of the level of development of
the innovation infrastructure of the studied countries in the conditions of digitalization of management of financial and
economic systems. The integral index allows not only to rank countries by the level of development of innovative infra-
structure, but also to reveal the structural features of the formation of innovative ecosystems in the conditions of digitiza-
tion of management of financial and economic systems.

The obtained results show that there is a significant gap between the leading countries and the countries that are at the
stage of transformation of the innovation system. The index values of Norway (169.26) and Estonia (147.34) are more
than 5 times higher than the index of Ukraine (26.44). This shows that the efficiency of the innovation infrastructure is
determined not by individual elements, but by the synergy between the digital infrastructure, financing of innovations, and
mechanisms of interaction of the participants of the innovation process.

It is significant that Estonia, having a smaller economic potential compared to many European countries, forms one of the
highest integrated indicators thanks to the development of venture capital, digital technologies and cooperation between
business and scientific institutions. That is, the determining factor in the development of innovative infrastructure is not
the scale of the economy, but the effectiveness of institutional mechanisms for supporting innovations.

A different development model is characteristic of Poland and Slovakia. Despite a fairly high level of digitalization, their
integral indicators are almost three times lower than the indicators of the leaders. That is, digital infrastructure is a nec-
essary but not sufficient condition for the development of an innovative ecosystem. The lack of sufficient funding for R&D
and the weaker development of the venture market significantly reduce the effectiveness of using digital opportunities to
create and commercialize innovations.

The lowest indicators are demonstrated by Romania (29.14), Ukraine (26.44), and Moldova (15.81).
The results of Ukraine are of special scientific interest. The most critical weaknesses are:

= extremely low business R&D costs (2.08 points);

= weak network cooperation of SMEs (1.14 points);

= low level of public-private publications (1.66 points);

= insufficient use of cloud technologies by enterprises (2.50 points).

The obtained value of the integral index demonstrates that the main problem of the national innovation infrastructure is
not so much technological lag, but insufficient integration of its components. Despite the presence of certain competitive
advantages, in particular, a relatively higher level of venture capital compared to Romania and Moldova, the system does

not ensure the effective transformation of financial resources into the results of innovation activity. This is evidenced by
the extremely low indicators of cooperation of innovative SMEs and interaction between business and scientific institutions.
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In fact, the results of the study confirm the hypothesis that the key limitation of the development of Ukraine's innovation
infrastructure is the institutional gap between knowledge generation, innovation financing, and their commercialization.
That is why, even with the presence of certain resource advantages, the innovation system does not form a sufficient
multiplier effect for the digital transformation of the economy.

Thus, the decisive factor in the development of innovation infrastructure is not the maximization of individual indicators,
but ensuring the balanced development of digital, financial, scientific and network components. It is the balance of these
elements that explains the high results of Norway and Estonia and at the same time serves as the main direction for
improving Ukraine's innovation policy.

Based on the results of empirical research and the calculation of the Weighted Integrated Index of Innovation Infrastruc-
ture Development (Weighted index IID), practical recommendations aimed at overcoming the identified critical gaps are:

1.  Significantly increase the stimulation of business spending on R&D (the most critical factor), strengthen tax breaks,
and grant co-financing for enterprises that invest in their own R&D centers or joint projects with universities.

2.  Launch the National Program for the Development of the Venture Ecosystem in order to bring the Venture Capital
indicator to a level not lower than 80-100% of the EU average by 2030.

3. Create a system for stimulating network cooperation, introduce a mandatory condition for a consortium form of
participation (university + business + SME) to receive state funding for innovation projects and grants.

4. Actively develop cooperation with universities and scientific institutions through the creation of joint laboratories,
research consortia, and participation in the activities of business incubators and technology parks.

5.  Create and develop university business incubators and science parks with the real involvement of the private sector
in management and investment.

6. Introduce annual monitoring of the development of innovation infrastructure according to the proposed Weighted
index IID at the national and regional levels.

The implementation of the proposed recommendations will allow Ukraine to significantly increase the value of the Weighted
index IID, leave the group of outsider countries and approach the level of countries such as Poland and Slovakia in the
medium term, and in the long term — to the level of Estonia.

DISCUSSION

The results of the study are consistent with the provisions of the theory of the digital economy, according to which digital
technologies act as a key driver of transformation of innovation systems (Yu et al., 2023; Wei, 2025; Amir et al., 2025).

The results of the study demonstrate that the leading countries (Norway, Estonia) achieve high values of innovation
infrastructure due to a comprehensive combination of digital base, financial support, and networking. This confirms the
findings of (Hrubliak et al. 2026) on the approaches to the integration of the digital economy and sustainable development.

The results obtained indicate its further transformation. If the classical model focuses on the interaction of universities,
business and the state (Etzkowitz & Leydesdorff, 2000), then in the digitalization context, the level of digital integration of
these interactions becomes the determining factor. This is confirmed by research by Bulgakova (2025), which emphasizes
the role of digital technologies in improving the efficiency of public administration and innovative development.

The identified disparities in Ukraine are generally consistent with the results of previous studies (Perminova et al., 2024;
Kalat et al., 2026; Makarov, 2025); however, this study allows for a clearer identification of their quantitative parameters.
In particular, the critically low level of business spending on R&D confirms the conclusions of Zhang et al. (2025) on the
decisive role of the private sector in the formation of innovation infrastructure.

Low rates of cooperation between SMEs and public-private publications indicate an insufficient level of integration of the
innovation system, which contradicts the conclusions of Audretsch et al. (2023) on the key role of cooperation in ensuring
innovative development. Thus, Ukraine's innovation infrastructure is fragmented, which reduces its efficiency.

At the same time, the relatively higher level of venture capital in Ukraine confirms the potential for the development of
the innovation ecosystem. However, as noted by Abramova et al. (2021) and Kato (2025), the effectiveness of venture
financing depends on the availability of developed infrastructure and network connections, without which investments
cannot be transformed into sustainable innovative development.
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The results obtained also have important practical implications. They confirm the need to form a comprehensive state
policy aimed at developing digital infrastructure, stimulating business R&D, and strengthening interaction between key
actors of the innovation system. This is consistent with approaches regarding sustainable development strategies in the
context of digitalization (Tanasiichuk et al., 2024).

At the same time, the results of the study indicate the presence of certain limitations associated with the use of aggregated
indicators and expert determination of weighting factors. This opens up prospects for further research aimed at improving
the methodological tools for assessing innovation infrastructure, in particular with the use of more complex econometric
models.

Thus, the analysis confirms that in the context of digitalization, the effectiveness of innovation infrastructure is determined
by the level of integration of its components, digital maturity and intensity of interaction between participants in the
innovation process.

Despite the fact that the European Innovation Scoreboard uses a much wider list of indicators (32-35) to calculate the
Summary Innovation Index, this study deliberately uses a narrower but targeted set of 8 key indicators. This choice is due
to the specifics of the study’s purpose — to assess the state of the innovation infrastructure, and not the overall level of
innovation development of the country. The selected indicators (High-speed internet, Cloud computing, Business R&D
expenditure, Public R&D expenditure, Venture capital, Innovative SMEs collaborating, Public-private co-publications and
PCT patent applications) most accurately and directly characterize the key elements of modern innovation infrastructure:
digital foundation, resource and financial support, network and institutional interaction, as well as performance. Using the
full set of EIS indicators would lead to a significant “dilution” of the infrastructure component among other blocks (human
capital, employment in high-tech sectors, sales of innovative products, etc.). The proposed approach allows for a clearer
and more accurate diagnosis of innovation infrastructure in the context of digitalization.

The use of expert weighting factors further increases the analytical value of the index, as it takes into account the different
significance of each factor for the development of infrastructure. The results obtained differ from the general conclusions
of the European Innovation Scoreboard, which is a natural consequence of the more specialized focus of this study. This
does not contradict the official methodology, but complements it, providing a deeper, infrastructure-oriented analysis,
which is especially important for the formation of targeted state policy.

CONCLUSIONS

The study of the development of the innovation infrastructure of the national economy in the digitalization context of
management of financial and economic systems made it possible to obtain a number of important theoretical and practical
results:

1. The essence of the “innovation infrastructure” concept in modern conditions has been clarified. It is shown that in
the digitalization era, innovation infrastructure is transformed from a set of individual objects (technology parks,
incubators, technology transfer centers) into a digitally oriented ecosystem that ensures the interaction of universities,
business, and the state within the framework of the triple helix model. The digital component becomes not an
auxiliary, but a system-forming element of the infrastructure.

2.  An integrated model for the development of innovation infrastructure based on a triple helix in the digitalization
concept has been developed, which combines four key areas: the digital component, resource and financial support,
network and institutional interaction, as well as the effectiveness of innovation activities. The model allows you to
visualize and explain the relationships between participants and infrastructure indicators.

3. A weighted integral index for the development of innovation infrastructure in the digitalization context (Weighted
index IID), which takes into account the different significance of indicators for the formation of a modern innovation
ecosystem, has been proposed and tested. The index is based on eight indicators and allows for comparative analysis
between countries.

4.  According to the results of the empirical study, it was found that Ukraine ranks penultimate (6th) among the seven
countries studied (Norway, Estonia, Poland, Slovakia, Romania, Ukraine, Moldova) in terms of the level of
development of innovation infrastructure. The value of the Weighted index IID for Ukraine is only 26.44, which is 6.4
times lower than Norway and 5.6 times lower than Estonia.

DOI: 10.55643/fcaptp.3.68.2026.5251 353


https://fkd.net.ua/
https://www.fta.org.ua/

®IHAHCOBO-KPEAUTHA AISNbHICTb: NMPOBJIEMU TEOPIT TA NMPAKTUKM
ISSN: 2306-4994 | eISSN: 2310-8770 | Tom 3 (68), 2026

5.  The main critical factors that hinder the development of innovation infrastructure in Ukraine in the digitalization
context have been identified:

= extremely low level of business spending on R&D;

= weak network cooperation of innovatively active small and medium-sized businesses;
= low intensity of public-private interaction;

= insufficient use of cloud technologies by enterprises.

At the same time, a relatively higher level of venture capital is a relative competitive advantage.

The effectiveness of the study is confirmed by the fact that the results obtained can be used in the development of state
policy in the field of innovative development and DT, the formation of strategies for the development of innovation eco-
systems at the national and regional levels, as an analytical basis for monitoring the effectiveness of the implementation
of the strategy for the development of innovation activity in Ukraine.

Thus, the study proves that without a comprehensive strengthening of business R&D, network cooperation and digital
infrastructure, the further development of Ukraine's innovation infrastructure will be significantly limited. Overcoming the
identified imbalances requires a systematic policy of digitalization of the management of financial and economic systems,
aimed at intensifying the interaction between science, business and the state.

The results obtained open up prospects for further scientific developments. In particular, it is advisable to develop a
regional version of the weighted index to assess interregional disparities in Ukraine; to investigate the impact of individual
state policy instruments (tax incentives, public-private partnerships, digital platforms) on the value of the Weighted in-
dex IID.
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PO3BUTOK IHHOBALIINHOI IH®PACTPYKTYPU HALIOHAJIbHOI EKOHOMIKWU B YMOBAX
LU®POBI3ALIL YNIPABJIIHHA ®IHAHCOBO-EKOHOMIYHMMU CUCTEMAMM

MeTol AOCAIAKEHHS € TEOPETUYHE OBI'PYHTYBAHHS Ta €MNipUYHA OLIIHKA PiBHS PO3BUTKY iHHOBALMHOI iHDpaCTpyKTypH
HaLioHaNbHOI EKOHOMIKM B YMOBax LMMpoBi3aLii ynpaBniHHS couianbHO-eKOHOMIYHUMU CUCTEMAMU. Y AOCNIAKEHHI yTOu-
HEHO CyTb iHHOBALMHOT iHPPACTPYKTYpM SiK LMDPOBO OPIEHTOBAHOI EKOCUCTEMU, PO3POBIIEHO IHTErPOBaHY MOAESb i po3-
BUTKY Ha OCHOBi MOAEsi MOTPIMHOI chipani 3 ypaxyBaHHaAM LMdPOBOI CKNafoBOi. 3anporoHOBAaHO aBTOPCHKMIA 3BAXKEHWM
iHTerpanbHUM iHAEKC pO3BUTKY iHHOBALiMHOI iHpacTpykTypy B ymoBax Umdposisauii (Weighted index IID), sikuit ypaxoBye
pi3HY 3HaYYLiCTb BOCbMU KJTIIOYOBUX MOKa3HMKIB. EMNipnyHe JoCnigKeHHs NpoBefeHe Ha OCHOBI MOPIBHANILHOIO aHanily
YKpainu 3 wictbMa kpaiHamu (Hopserieto, EcToHiero, MonbLieto, CnosayunHo, PymyHieto Ta Monaosoto). OCHOBHI pe3yrib-
TaTW JOCNIAKEHHS MOKasanu, WO YKpaiHa nocigae 6-Te Micue noMiK cemMu JOCNIAKYBAaHUX KpaiH 3@ pIBHEM PO3BUTKY
iHHOBaLIiiHOT iIHPPACTPYKTYpK 3i 3HaUEHHSAM iHaekcy 26,44 (npu 169,26 y Hopeerii Ta 147,34 B EcToHii). Haibinblw kpu-
TUYHMMM CNIABKMMKM MiCLSIMU € HaA3BUYaMHO HU3bKi 6i3HecoBi BUTpaTH Ha HAAKP, cnabka Mepexesa criBnpaus iHHOBa-
LiAHO aKTMBHUX Masioro 1 cepeaHboro 6isHecy, HU3bKa iHTEHCUBHICTb My6siYHO-NPUBATHOI B3aEMOZIl Ta HeAOCTaTHil pi-
BEHb BUKOPUCTAHHS XMApPHUX TEXHOJOrIN NiAnpMEMCTBaMU. BogHouac BiAHOCHOK KOHKYPEHTHOW nepeBaroto YKpaiHu €
NOPIBHSIHO BULLIMI piBeEHb BEHYYpHOro kanitany. OTpuMMaHi pe3ynbTaTh NiATBEPAXXYIOTb, WO B YMOBax LdpoBsisaLii ede-
KTUBHICTb iHHOBAL|IMHOI iHPaCTPyKTYpU BU3HAYAETLCS HE CTiNIbKM HAsIBHICTIO OKpeMUX 06'EKTIB, CKiNIbKM CUHEPTIEID MiXX
LU1cpoBOO OCHOBOIO, (hiHAHCOBO-PECYPCHUM 3a6e3MEUEHHAM | MEPEXXEBOIO B3AEMOZIEID YYaCHUKIB NOTpPIMHOI cnipani. Bu-
AIBMIEHi CYTTEBI ANCNPONOPLi CBiAYaTb NPO HeOBXiAHICTb KOMMIEKCHOI Aep)KaBHOI NONITUKKU, CNPSMOBAHOI Ha aKkTuBI3aLito
6i3Hec-R&D, po3BUTOK LMDPOBOI iHDPACTPYKTYpH Ta CTUMYyIOBaHHS Ny6niuyHO-NpMBaTHOI chiBnpaLli.

KnrouoBi cnoBa: iHHOBaLjlHa iHbpacTpykTypa, uMdpoBialis, NOTpiMHa cnipanb, 3BaXXEHWI iHTerpanbHUi iHAEKC,
BEHYYpHUIA KaniTan, Mepexesa criBnpaus, ¢iHaHCOBO-eKOHOMIYHA cucTeMa, YkpaiHa
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