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to assess the long-term impact of firm-based innovations on GDP comprehen-
sively. The literature analysis sheds light on the link between firm-based inno-
vations and economic growth, and the study follows a three-step methodolo-
gy: firstly, data on innovation and GDP are collected from Eurostat and OECD,
followed by an econometric analysis to identify the links between firm-based
innovation performance and economic growth, and finally, a cluster analysis is
performed. This cluster analysis grouped countries according to their level of
innovation and economic performance. The empirical results showed that Ger-
many, Denmark, Finland, the Netherlands, Sweden, and Ireland have high inno-
vation and GDP growth rates, and their innovation ecosystem contribute signif-
icantly to economic prosperity. The study confirms that innovation drives GDP
growth, but its impact varies across countries depending on R&D investment,
workforce skills, and policy environment. Therefore, policymakers should devel-
op innovation strategies that consider each country’s specificities following the
results of cluster analysis to maximise the economic impact.
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1. Introduction

Innovation is considered to be one of the most important drivers of growth in modern
economies, especially in the context of the knowledge economy. However, the impact of
innovation on Gross Domestic Product (GDP) is not the same in all countries, due to different
structural, institutional, and sectoral characteristics. This raises the need for a comprehensive
and integrated model for measuring the impact of innovation on the economy. In a context
of increasing global competition, the impact of innovation on GDP is becoming relevant to
the academic debate and essential for policymakers and businesses. The results of this study
provide insights into how innovation strategies and their practical implementation can boost
long-term economic growth in different countries.

The literature review provides a comprehensive assessment of the country's innova-
tion performance, summarizes the latest research findings, and analyzes various types of
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innovation (product, process, and organizational), as well as various innovation indicators,
such as expenditure on research and development, patents, and human capital, to understand
their impact on economic performance.

The proposed three-step methodology (data collection, econometric analysis, cluster anal-
ysis) allows for a systematic assessment of the impact of firm-based innovation on GDP, and
an integrated assessment model is developed. Principal Component Analysis identifies the
most important determinants of countries’ innovativeness, even with limited data. Empirical
studies provide strong evidence that innovation significantly impacts GDP, but this impact
depends on the maturity of a country’s innovation ecosystem, R&D investment, the skills of its
workforce, and policy environment. The study proposes concrete policy actions personalised
innovation strategies based on identified clusters to increase innovation efficiency and foster
sustainable economic growth.

This study hypothesizes that countries with a high level of innovation ecosystem develop-
ment achieve higher GDP growth than countries with weaker innovation systems.

The theoretical framework linking innovation to economic growth is supported by doc-
uments such as Schumpeter’s (1934) concept of creative destruction, according to which
innovation stimulates economic development by replacing obsolete technologies and pro-
cesses with new ones. The works of Aghion and Howitt (1992) and Romer (1990) provide
a theoretical basis for how innovation contributes to economic growth. However, empirical
research often focuses on innovation and GDP indicators without addressing the specific
mechanisms and ways innovation influences economic activity results. The share of EU coun-
tries’ GDP spent on R&D is directly proportional to a country’s commitment to innovation
(Hall et al., 2010).

This paper proposes a model for an integrated framework for assessing the impact of
firm-based innovation on GDP and provides a clustering analysis of such innovations' im-
pact on the GDP of the EU and other countries. The study’s objective shall be to conduct
new research by identifying mechanisms through which firm-based innovations stimulate the
impact of growth-enhancing and growth-enhancing policies based on innovation in the EU
and related countries.

The analysis adopts a multidimensional approach, reflecting the cooperation on innova-
tion activities, service innovations, and value-chain creation innovations factors, and proposes
an integrated framework for measuring the impact of these innovations on GDP and cluster-
ing countries following the above-stated impact significance.

The paper is organized into 5 sections. The Section 2 presents literature analysis, Sec-
tion 3 — research methodology, the Section 4 — research results, and the last two — discussions
and conclusions.

2. Literature review

It is widely recognised that innovation is an important factor in economic growth and com-
petitiveness of business, with a direct impact on productivity by increasing the efficiency of
production processes and enabling the development of new services. However, it is important
to establish the relationship between innovation and business efficiency and the indicators
that influence it.

Depending on the degree, innovation can be attributed to an enterprise, industry, re-
gion, country, business block, or global aspect, and there is a close relationship between all
these levels. First, the quality of a particular product or service determines the enterprise’s



Journal of Business Economics and Management, 2025, 26(4), 1007-1026 m

competitiveness. On the other hand, the economic results of an enterprise are related to the
results of a particular industry, region, or country at the international level. As a result of
globalization and liberalisation, the boundaries between national and international markets
have disappeared, eliminating the gap between national and international effects to consider
the basis of theoretical content: economic theory of development, new business theory, and
all its consequences for the development of innovations.

We have therefore carried out a literature review on the importance of innovation for
firm performance and the impact of different types of innovation on economic performance.
In examining the literature from this period, we found that most studies find a link between
innovation and GDP (Sawng et al., 2021; Sojoodi & Baghbanpour, 2024), but few studies delve
into the specific mechanisms by which different types of innovation affect economic perfor-
mance. Based on our observations, in this Section we describe the link between innovation
and economic growth, the indicators influencing innovation, the challenges of innovation-led
growth, and the policies that support innovation.

This literature review examines the relationship between the level of innovation and GDP
in European region countries. The European Innovation Scoreboard, treated as an innovation
indicators, provides a comprehensive assessment of a country’s innovation performance, cov-
ering a range of indicators. According to their overall innovation performance, EU countries
are ranked, focusing on pioneers such as Sweden, Denmark, and Finland (European Com-
mission, 2021).

The changing environment and new perspectives call for an update of the mechanisms
and instruments provided by innovation policies. Most of the issues are new, and a learning
process is required to build new, strong innovation policy targets and measures. The summary
of issues and suggestions for possible instruments is provided in Table 1.

Table 1. Main policy issues and instruments (source: according to Organisation for Economic
Co-operation and Development [OECD], 2018)

Policy issue Policy instruments

Data access policies

Data is the main source of innovation Markets for knowledge

Transformation of firm to provide innovative and | Building the ability to launch innovations in
invaluable services services

Improving the reactivity and versatility of

Foster acceleration in innovation .
instruments

Support for cooperation

Improve ecosystems ; -
prov Y Public policies, knowledge transfer

Entrepreneurship policies
Entrepreneurship Data access
Fostering competition

Absorption of new markets Smart specialisation

Many aspects are important in building contemporary innovation policy. Geronikolaou
and Papachristou (2008) indicate firm-oriented European venture capital innovations that
could ensure the broadest access to data and knowledge.

Antonucci and Pianta (2002) highlight the effects of employment on product and process
innovation in Europe. Innovations oriented to service require a deep understanding of dig-
ital technologies, which are not yet widespread, especially among small and medium-sized
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enterprises from traditional markets. Such innovations foster trade and knowledge sharing
(Simmie et al,, 2002).

Roper et al. (2008) focus on the transfer of innovations through value chain. Prajogo et al.
(2008) investigate the impact of value chain on innovation. Ambos et al. (2021) research the
nature of innovations in global value chains. Esko et al. (2013) analysed the readiness of
businesses for value chain-related innovations.

The authors of this paper have noticed that an integrated framework for assessing the
impact of firm-based innovation on GDP has not been proposed or explored by other authors
in the academic literature and have therefore decided to fill this research gap by proposing
a multidimensional approach that reflects the interaction of cooperation on innovation ac-
tivities, service innovations, and value-chain creation innovations factors.

An integrated framework for measuring the impact of firm-based innovation on GDP is
reflected in Figure 1.

AN INTEGRATED SYSTEM FOR EVALUATING THE IMPACT OF FIRM-
BASED INNOVATIONS ON GDP
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Figure 1. Model of integrated firm-based innovations impact on GDP assessment system
(source: authors’ suggestion)
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In the EU, innovation is a key driver of economic growth and a driver of countries com-
petitiveness. Understanding the link between firm-based innovation aspects provides valuable
information on their impact on GDP and the emergence of countries’ clusters.

2.1. Firm-based innovation and economic growth

Researchers have yielded ambiguous results on the link between innovation and economic
performance. Hajighasemi et al. (2022) study highlighted the importance of policy frameworks
that support innovation. Similarly, Harrison et al. (2014) used company-level data to show that
innovation improves economic performance and contributes to employment and economic
growth. On the other hand, regional studies such as Pijnenburg and Kholodilin (2014) show
that the impact of innovation can vary significantly between the countries, suggesting that
local factors and policies play a very important role.

Fernandez-Cerezo and Montero (2021) are conducting a sectoral analysis of the Spanish
economy and identifying future challenges and opportunities for innovation-based growth.
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Their results show that the impact of innovation varies greatly across sectors and that the
impact of growth is more pronounced in high-tech sectors.

Fagerberg and Verspagen (2002) examine the concept of technological gaps and show
how differences in countries’ ability to innovate lead to different economic outcomes.
Countries that deploy and disseminate advanced technologies can fill these gaps and
accelerate economic growth. This mechanism is particularly important for the less devel-
oped EU countries.

Maradana et al. (2017) provide empirical evidence in a study of the positive link be-
tween innovation and economic growth in European countries. The authors showed that
increased innovations associated with R&D costs and patent applications is associated
with GDP growth. This mechanism is reinforced by the role of a catalyst for policies that
foster innovations.

Bottazzi and Peri's (2003) study examines the importance of the impact of innovation
by using patent data as a substitute for innovation. Griliches (1990) points out that patent
accounting can be used to measure a country's technological development and innovative
capacity. This study underlines the importance of regional networks and cross-border co-
operation in enhancing the economic impact of innovation. Griliches (1990) examines the
use of patent statistics as economic indicators and links them to innovation and economic
growth. Patents are the innovation benchmark and help increase productivity and eco-
nomic performance. This mechanism underlines the importance of bringing intellectual
property rights and innovations to the market.

Other authors have noted the link between innovation and firm size, for example,
Damanpour (1992) carried out a meta-analytical review of the relationship between or-
ganisation size and innovation and found a positive relationship between organisation
size and innovation. Symeonidis (1996) also examined Schumpeter's hypothesis and found
a proportional relationship between firm size and R&D expenditures, although the rela-
tionship between R&D intensity and market concentration remains inconclusive.

The impact of innovation on macroeconomic indicators of GDP growth in the EU
countries is significant and varied. This impact depends on various factors: the country's
economic structure, the development of the innovation ecosystem level, investment into
research and technology, and government policies and strategies.

To assess the macroeconomic situation of countries, researchers often look at three
indicators of macroeconomy and their interaction with innovation: per capita GDP, a
measure of a country’'s economic output, and employment, which reflects entrepreneurial
activity (Wei, 2022; Pijnenburg & Kholodilin, 2014).

The innovation role and impact in each country depends on the unique combination
of socio-political factors and infrastructure available. Analysing the research on the im-
pact of innovation on GDP in different countries, it is possible to identify one of the most
characteristic aspects identified by researchers.

Table 2 highlights the most common areas of innovation’s impact on GDP that have
been explored in research by other authors.

Many authors (Destefanis & Rehman, 2023; Grafstrom et al., 2023) have highlighted
the impact of R&D on innovation (Boeing et al., 2022) but have indicated that the ap-
plication of R&D depends on regional characteristics, where regions have a medium or
high level of innovation, R&D is more likely to stimulate employment (Paula & da Silva,
2021; Kucera & Fila, 2022; Ersin et al., 2022).
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Table 2. Key research areas used for studying the innovation and economic growth link

innovation role in
economic growth

increases output.

Innovation increases the competitiveness of
firms and country in international markets
and stimulates export growth and foreign
investment.

Impact area Description References
Innovation increases the productivity of
Firm-based ' P ' Liu et al. (2022), Raghutla and

Kolati (2023), Bresciani et al.
(2021), Mewes and Broekel
(2022), Dokas et al. (2023).

Relationship
between R&D
investment and
the impact of
innovation on the
economy

Countries that devote a higher share of
GDP to R&D tend to see a higher economic
impact from innovation.

Boeing et al. (2022), Sawng et al.
(2021), Kucera and Fila (2022),
Ersin et al. (2022).

Government
initiatives, policy
incentives, as
innovation support

The government encourages innovation
through policy instruments (innovation
support programs, regulations, etc.).

Boeing et al. (2022), Paula and
da Silva (2021), Haggmark and
Elofsson (2022).

Disparities in
innovation

Regional policies and Structural Funds could

Bresciani et al. (2021), Dempere
et al. (2023), Hardi et al. (2024),

development in the
country relative to
GDP

be used to reduce disparities between

. Zhao et al. (2023), Destefanis and
regions.

Rehman (2023).

Guzman et al. (2024) in the study found that innovation policy interventions are not tar-
geted at specific research projects but are aimed at transforming the interactions between
researchers and other stakeholders in a given geographic area.

3. Research methodology

Various methods are used to examine the impact of various innovations on GDP in countries,
including econometric analysis, regression models, panel data analysis, comparative analysis,
case studies, qualitative analysis, enterprise-level data analysis, input-output data analysis,
and spatial econometric models. To understand the effect of innovation on economic growth,
the research utilizes the three-step methodology: 1) data collection; 2) econometric analysis
(PCA (Principal Component Analysis)) method application; 3) clustering analysis (clustering
algorithm (i.e., K-Means) application.

To begin with, we utilized statistical indicators on the adoption of innovations in compa-
nies across the EU and related countries from 2023. The objective is to derive quantitative
assessments of the number of innovations in each country’s economy and their impact on
its GDP overall.

A set of statistical indicators characterizes each country. To model the impact of innova-
tion numbers on production volume, each indicator is represented as X, . All indicators can
be represented as vectors (1):

X = (X3 Xp0 0 X)), M
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T T
where X; = (xi(u,xi(z),...,xi(p)) X; = (Xi(1)'xi(2)""'xi(p)) is a vector of values for the ana-

lyzed characteristics (xl.(1),xi(z),...,xi(p)xi(1),x[(2),...,xi(p)) associated with the i-th entity, and

{ is an integer from 1 to n characteristics.

To ensure uniform scaling across all indicators, we applied min-max normalization within
the range 0-1. For dimensionality reduction, we defined various linear orthogonal normalized
combinations of the initial indicators as permissible transformations, following the approach
outlined in (Liu et al., 2024). Specifically (2):

2
0, = &, )
p
>, (x)

j=1
where 62 (X)) represents the variance of the corresponding random variable. Based on Kaiser's
criterion, this method maximizes the variance of factor loadings for each factor and involves a
rotation of factor axes (Varimax rotation) toward the center of the cluster of depicted points
in the factor space, simplifying factor interpretation.

We obtained a set of linear orthogonal transformations known as principal components
(PCs). PCA aims to reduce the dimensionality of high-dimensional data while preserving as
much informational content as possible. PCA is an unsupervised learning method that helps
in dimensionality reduction and analyzes only the original dataset without explicit target
parameters.

The research is based on the PCA method, setting a target matrix. The rotation aims
to find the factor mapping closest to some given matrix. To simplify the description of the
columns of the factor matrix, the Varimax method is used, in which the dispersion of the
squares of the loadings of the factor is considered instead of the variance of the squares of
the variable. The factor structure is the simplest when all variables have a factor complexity
equal to one.

The first principal component, PC1(X), of the examined system of indicators is defined
as the normalized-centered linear combination of these indicators, which has the greatest
variance among all other normalized-centered linear combinations. Similarly, the k-th PC (k =
2, .. p; k=2 .., p)is the normalized-centered linear combination uncorrelated with the first
k=1 PC and has the greatest variance among all other normalized-centered and uncorrelated
linear combinations.

PC can be used for several key data analysis tasks:

1. Dimensionality reduction to simplify statistical models and classification tasks to facil-

itate computation and interpretation of statistical conclusions.

2. Visualization to represent high-dimensional data by projecting it onto the first, first

two, or first three PCs.

3. Elimination of multicollinearity, which is useful in regression modelling.

Data compression: Reducing the storage volume of statistical information.

Interpreting PCA involves transitioning to a new coordinate system where the axes are the
PC of the distribution. The geometric interpretation involves shifting the origin to the center
of data dispersion, where the PCs form the semi-axes of a hyperellipsoid. Each PC represents
a new generalized property of all objects in the study sample, being a function of the specific
characteristics of each examined object.
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The Eq. (3) for the final model (f, ) that consist of n number (n = 1, .., p) of principal
components (y) with component weight (a) assigned to each principal component corrected
for 6 variance is:

1
fr=6(a1ry1+aZ,y2+...+anpyn). (3)

This approach allows for ranking and classifying objects based on calculated rating es-
timates.

For classifying countries, we applied the k-means clustering algorithm. K-Means cluster-
ing algorithm is an unsupervised learning algorithm that partitions a dataset into k distinct
clusters based on the similarity of data points to their centroids. This method is particularly
effective for grouping unlabeled data into meaningful categories.

This algorithm minimizes the sum of squared deviations of cluster points from their re-
spective centroids by dividing the dataset into a predefined number of clusters. At each iter-
ation, centroids are created based on the first g rows method and recalculated in subsequent
iterations. Data points are reassigned to clusters based on the closest centroid according to
a chosen distance metric. The algorithm terminates when no further changes occur in the
intra-cluster distance. The K-Means algorithm groups countries into clusters based on their
innovation levels.

4. Data analysis and research results

4.1. Data analysis

The study examined various indicators characterizing the main components of innovative
development in the EU and related countries (Eurostat, 2024; OECD, n.d.). The main criterion
for selecting indicators was data availability for companies in the EU and related countries
for 2015-2023. 12 indicators were selected that characterize not only the total volume of
innovations in companies, but also the industry and focus of these innovations (Table 3).

Table 3. List of indicators and abbreviations for further use

Index X Mean min max stdv [ skewness

Innovation-active firms X1 | 51.406 | 7.548 100 14.849 -0.827
Firms with innovation of goods X2 | 20.930 | 0.037 | 75.641 7.547 -0.060
Firms with innovation of services X3 | 18.066 | 0.241 | 66.667 7.423 0.382
Firms with new-to-market innovations X4 | 14912 | 0.000 | 58.335 5.609 -0.359
Business process innovative firms X5 | 42.203 | 1.028 | 97.059 | 14.101 -0.522
Firms with innovations in the production X6 | 21.899 | 0.298 | 70.338 8.491 0.271
Firms with innovations in distribution and

S X7 | 13.969 | 0.073 | 69.048 | 7.474 1.485
logistics

Firms with innovations in marketing and sales | X8 | 16.748 | 0.508 | 71.759 7.839 0.709
Firms with innovations in digital sales systems | X9 | 24.187 | 0.268 | 80.952 | 11.327 1.429
Firms cooperating on innovation activities X10 | 10.941 | 2.391 | 64.368 | 4.998 0.810
Share of employees in innovative firms X111 69.321 | 1.185 100 13.421 -1.851
Turnover in innovation active firms X12 | 71.982 | 0.008 100 14.331 -1.339
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Romania has many missing values in the chosen indicators, which were removed from
the analysis.

4.2. PCA results

The first step in creating a PC is to determine the number of PCs. Based on the cumulative
variance (Table 4), 8 PC explain 99%. This indicates that the PCA effectively captures the
underlying variability in our dataset, and the extracted PCs are enough to interpret most
statistical variability.

Table 4. Variation explained by components

Eingenvalues Explained variation Cumulative variance
RC1 832 0.69 0.69
RC2 1.23 0.11 0.8
RC3 0.89 0.07 0.87
RC4 0.66 0.06 0.93
RC5 0.27 0.02 0.95
RC6 0.19 0.02 0.96
RC7 0.16 0.01 0.98
RC8 0.14 0.01 0.99
RC9 0.08 0.01 1.0
RC10 0.02 0.0 1.0
RC11 0.02 0.0 1.0
RC12 0.01 0.0 1.0

Eigenvalue decomposition analysis is a fundamental technique in multivariate signal
processing and machine learning that allows for the simultaneous diagonalization of mul-
tiple matrices to reveal hidden structures and common properties in data sets. The eigen-
values in Table 3 also confirm that only the first 5 PC fully describe the economic model.

The linear combination relationship of each PC on the original variable was calculated
in Tables 5-6. They present the ratio of the obtained PC and the initial features. The first
PC contains the maximum number of variables, which also explains its high significance
for the economic model. The indicators of this component can be conditionally divided
into several subcategories: indicators characterizing the current volume of innovations
in the economy: Innovation-active firms, Turnover in innovation active firms, share of
employees in innovative firms; indicators characterizing the focus of innovation imple-
mentation: Firms with Innovation of goods, Business process innovative firms, Firms with
innovations in the production. The second PC correlates with Firms with innovations in
distribution and logistics, and Firms with innovations in marketing and sales.

The third, fourth, and fifth PC contain only 1 variable each; therefore, Eingenvalues
and explained variation are minimal.

Table 6 shows the very low correlation between indicators and PC from 6 to 12. These
indicators have a tiny influence and are not included in the final model. Because of that,
we didn’t include this indicator in the model.
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Table 5. Factor loadings (Impact on factors)

RC1 RC2 | RC3 [ RC4 | RC5 RC6 RC7 | RC8 RC9 | RC10 | RC11 | RC12
X1 | 087 | 032 | 0.16 | 024 | 0.14 0.09 0.07 | 0.07 0.04 0.09 0.06 | -0.05
X2 | 057 | 045 | 0.02 | 043 | 0.13 0.04 0.05 | 0.52 0.04 -0.0 0.0 -0.0
X3 | 029 | 053 | 0.18 | 037 | 0.68 0.02 0.05 | 0.07 0.03 0.0 0.0 0.0
X4 | 039 | 018 | 0.15 | 0.87 | 0.17 0.01 0.04 | 0.08 | 003 0.0 0.0 0.0
X5 | 0.78 0.5 0.11 | 0.18 | 0.13 0.1 0.17 | 0.02 0.15 0.0 0.1 0.09
X6 | 063 | 056 [ 0.17 | 0.14 | 0.13 | -0.01 | 047 | 0.06 | 0.06 0.0 0.0 -0.0
X7 | 027 | 092 | 006 | 0.13 | 0.12 | -0.21 | 0.06 | 0.01 | -0.03 | -0.01 | -0.0 -0.0
X8 | 027 | 0.87 | 0.06 | 0.12 | 0.12 033 -0.0 | 015 | -0.03 | 0.01 0.01 0.0
X9 | 043 | 072 | 008 | 022 | 0.29 | -0.02 | 0.15 | 0.11 0.35 0.01 -0.0 -0.0

X10| 0.17 | 0.08 | 097 | 0.11 | 0.07 0.0 0.03 | 0.01 0.01 0.0 0.0 0.0

X11 ] 09 0.26 | 0.11 | 0.26 | 0.15 0.03 0.01 | 0.04 | 0.03 0.07 | -0.07 | 0.05

X121 092 | 0.18 | 0.15 02 | 0.07 -0.1 003 | 0.14 | -0.03 | -0.13 | -0.02 | -0.04

Table 6. Heating map of correlation coefficient between indicators and PC factors

X1 X10 X11 X12 X2 X3 X4 X5 X6 X7 X8 X9

RC1 088 | 046 | 0.76 0.9 0.65 | 0.54 03 |[077 {071 | 046 | 028 | 0.31
RC10 | 0.02 0.0 00 | -0.12 | 007 | -00 | -0.0 |-0.01{-0.01| 0.01 0.02 | -0.0
RC11 0.02 0.0 | -0.05 | -0.08 | -0.02 | 0.0 0.0 0.0 | 0.01 0.0 -0.0 | 0.01
RC12 | -0.09 | -0.0 0.0 | -0.05| 0.01 -00 [ =00 | 0.0 | 0.02 | -0.0 0.0 -0.0
RC2 0.28 0.8 0.07 | 0.22 0.4 035 | 019 | 045 | 056 | 0.89 | 0.82 | 0.85
RC3 0.17 | 068 | 0.05 | 021 | -0.01 | 0.03 | 0.18 | 0.16 | 0.11 | 0.07 | 0.06 | 0.06
RC4 027 | 020 | 012 | 029 | 047 | 019 | 037 | 0.18 | 0.12 | 0.16 | 0.11 0.12
RC5 0.14 | 0.15 | 0.08 | 0.14 | 024 | 046 | 0.17 | 018 | 0.14 | 0.15 0.1 0.15
RC6 0.04 | 0.13 | 0.03 | -0.09 | 0.1 -0.01 | -0.02 | 0.04 |-0.11 | -0.26 | 0.18 | -0.01
RC7 0.12 | 0.10 | 0.02 0.1 0.6 005 | 0.04 | 009 | 0.26 | 0.09 | -0.05 | 0.16
RC8 0.05 | -0.02 | 0.01 0.02 | 024 | 0.09 | 008 | 0.01 | 0.06 | 0.01 0.2 0.15
RC9 0.01 0.05 | 0.01 -00 | 0.02 | 004 | 004 | 003 | 0.07 | -0.06 | -0.01 | 0.22

The indicators’ influence on a separate component was assessed for a more accurate
analysis of each indicator’s influence. The inflation coefficients of 5 PCs have only positive
values, i.e., they are in a positive relationship.

Only the first 5 PCs have a clearly expressed influence of individual indicators on the
model, i.e., we can determine the field of each component and, considering its characteris-
tics, formulate recommendations in this direction. Also, if we combine data on the impact of
indicators on a separate component with cumulative variance, then to simplify the created
model and interpret its results, we will further consider only the first 5 PCs. The cumulative
variance for the 5 PC has a high level of explanation and is equal to 95% (Table 4).

PC1 can be interpreted as the Comprehensive Innovation Index. It encompasses six in-
dicators that collectively reflect the innovative capacity of firms within an economy. The X1,
X12, and X12 indicators have the most significant impact on PC1. Innovation-active firms (X1)



Journal of Business Economics and Management, 2025, 26(4), 1007-1026 1017

indicator highlights the number of firms actively engaged in innovation, which is crucial for
economic growth and competitiveness. Share of employees in innovative firms (X11) meas-
ures the proportion of the workforce involved in innovative activities, reflecting the depth of
innovation within firms. Turnover in innovation-active firms (X12) assesses the financial per-
formance of innovative firms, linking innovation to economic output. These three indicators
have a substantial impact of 0.9 on the economic model, suggesting that they are key drivers
of innovation and economic vitality.

The Indicator with the middle impact of 0.8 on PC1, Business process innovative firms (X5)
indicate the role in enhancing operational efficiency through innovation.

Firms with innovations in production (X6) and Firms with Innovation of goods (X2) have a
smaller impact of 0.6, reflecting their contribution to product development and diversification.

All these indicators are positively correlated with the increase of PC1, suggesting that they
collectively enhance the innovative capacity of the economy.

PC2 focuses on innovations in distribution, logistics, marketing, and digitalisation. Firms
with innovations in distribution and logistics (X7) indicator have a significant positive co-
efficient of 0.9, highlighting the critical role of efficient distribution and logistics in driving
economic growth by meeting consumer demands effectively. Firms with innovations in mar-
keting and sales (X8) reflect the importance of innovative marketing strategies in reaching
consumers and expanding market share. Firms with digital innovations (X9) indicate the role
of digital technologies in enhancing business operations and customer interactions.

PC3 consists of only Firms cooperating on innovation activities (X10). The indicator shows
the share of companies that cannot independently develop innovations but want to be in-
volved in this process.

PC4 consists of Firms with new-to-market innovations (X4), highlighting the importance
of introducing new products or services to the market.

PC5 is solely composed of Firms with Innovation of services (X3), indicating its unique
contribution to service innovation (Figure 2).

Components Analysis

fazl B3

12

Figure 2. Indicators’ incorporation in the components
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By representing each PC using factors that have the maximum load, they are combined
into one indicator based on calculations. Based on the previous analysis, we can create a
system of equations for the economic model (4)—(8):

PC1=0.9X11+0.9X12+0.9X1+0.8X5+0.6X6 +0.6X2; )
PC2 =0.9X7+0.9X8+0.7X9; )

PC3=X10; (6)

PC4 =0.9X4; 7)

PC5=0.7X3. ®)

Assigning each PC the calculated weights and combining all the PCs into one Equation.
By transforming the Egs. (4)—(8), we got the main Equation of the main economic model (9):

PCA =0.726xPC1+0.115+ PC2+0.073x PC3 +0.063 x PC4 + 0.021x PC5. ©)]

Replacing each PC with the factors included in it, and also multiplying the weights of the
corresponding component by the corresponding factor, we obtain the Eq. (10):

PCA = 0.6534X; + 0.4356X, + 0.0147X3 + 0.0567X, + 0.5808Xs + 0.4356Xs + 0.1035X; +
0.1035Xg + 0.0805Xg + 0.0730X;0 + 0.6534X;; + 0.6534X,. (10)

Based on Eq. (10), the largest weights (=0.65) have 3 factors: the number of Innovation-ac-
tive firms, the share of employees in innovative firms, and turnover in innovation-active firms.
These indicators represent the volume of innovative products and services in the economy
and their rarity in the economy.

4.3. Clustering analysis

To classify countries by their level of innovation, a cluster analysis was conducted based on
the 5 obtained PC using the K-means method and the Euclidean distance metric. The opti-
misation function used aims to minimise the sum of the squares of the Euclidean distances
between countries and their cluster centres based on 5 PCs.

Based on the analysis results and the construction of a Scatter Plot Matrix, 5 clusters were
identified, as shown in Table 7.

Clusters 0 and Cluster 1 are the smallest in terms of the number of included countries.
They are strong in market-oriented innovation but have lagged in overall innovation activity
and cooperation.

Cluster 0 includes Cyprus and Malta. These countries are characterized by the highest
level of PC2 (market-oriented innovations in distribution, logistics, marketing, and digital sales
systems), along with good performance in PC4 (new-to-market innovations) and PC5 (service
innovation). However, PC1 (overall innovation activity) and PC3 (innovation cooperation) are
the lowest among all clusters, indicating a weaker overall innovative capacity and limited
collaboration in innovation activities.

Cluster 1 covers the Czech Republic and Slovenia. These countries exhibit high levels of
PC2 (distribution, logistics, marketing, and ICT innovations) and PC4 (new-to-market inno-
vations). However, PC5 (service innovation) is the lowest in this cluster compared to other
PCs. Notably, Slovenia ranks the lowest in PC5 among all analyzed countries, highlighting its
limited contribution to service-based innovation (Table 7).
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Table 7. Results of clustering countries by level of firm-based innovation in the economy

Cluster Countries
Cyprus
yp cluster_0
Malta
Czechia
- cluster_1
Slovenia
Switzerland Germany
Spain France
- cluster_2
Greece Estonia
Lithuania Denmark
Portugal Hungary
Italy Latvia cluster_3
Croatia Poland
Slovakia
Netherlands Finland
Ireland Luxembourg Cluster_4
Norway Sweden

Cluster 2 represents economies where innovation is deeply embedded across multiple
sectors. This cluster groups countries with strong innovation integration into their econo-
mies, where the average values across PC1, PC2, and PC3 exceed the overall mean (Table 6).
It includes Switzerland, Germany, Spain, France, Greece, Estonia, Lithuania, and Denmark.
The presence of these countries suggests a well-established innovation infrastructure, strong
cooperation in innovation activities (PC3), and a balanced approach to technological and
market-oriented innovation.

Cluster 3 consists of moderate performers with stable but non-leading innovation eco-
systems. This large cluster includes Portugal, Hungary, Italy, Latvia, Croatia, Slovakia, and
Poland. These EU countries demonstrate average or slightly below-average values across all
PC (Table 7). Their innovation ecosystem is not leading, but they maintain a moderate level of
technological and market-driven innovation, with room for growth in innovation penetration
and cooperation.

Cluster 4 contains top innovators that outperform in innovation penetration, collabora-
tion, and service-based innovation, with Northern European dominance in this group.

This cluster represents the top innovators in the economy, with average values above the
overall mean across all components except PC2 (market-oriented innovations in logistics,
marketing, and sales digitalisation). It includes the Netherlands, Finland, Ireland, Luxembourg,
Norway, and Sweden. A geographical pattern is evident, as most of these countries are locat-
ed in Northern Europe, suggesting that regional factors contribute to innovation leadership.
Their strengths lie in strong innovation penetration (PC1), cooperation in innovation activities
(PC3), and advancements in service-based innovation (PC5).

For a more detailed analysis, the description statistics by clusters by PC were calculated
(Table 8).

Cluster 0 is significantly behind the other clusters in innovative capacity of the economy,
with negative mean scores, suggesting a lack of innovation integration. Cluster 0 is consist-
ently weak, with a tight range of values.
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Table 8. Centers of the clusters

PC1 pC2 PC3 PC4 PC5
Cluster_0 -0.810 2.000 -1.060 0.736 0.950
Cluster_1 0.021 1.043 0.814 1.206 -1.860
Cluster_2 0.711 -0.133 -0.810 -0.201 0.317
Cluster_3 -0.290 -0.240 0.065 -0.182 -0.781
Cluster 4 0.257 -0.417 1.195 0.059 0.789

Cluster 1 is the most stable, with the lowest SD (0.12) of PC1, and performs similarly across
countries. It is close to the mean, confirming average performance. Countries in this cluster
are very similar in innovation, with a narrow range close to zero.

The 2nd cluster of leading countries is pushing the mean of PC1 up. The values of the 1st
PC responsible for the innovative capacity of the economy are clearly distinguished. It stands
out as the top-performing group in innovation, but with high variability among countries.
Cluster 2 has PC1 extreme variability, meaning some countries are exceptional innovators,
while others are just above average. The 2nd cluster has a large deviation from the average
in the upper quantile; the maximum deviation of the 0.5th quantile is 0.47 for PC1.

Cluster 2 has the highest spread; it includes the countries with the largest deviation from the
average. It contains both top innovators and average performers. Romania has the lowest indi-
cator of the innovative capacity of the economy, which significantly deviates from the values of
other countries. It is (-1.15) and part of the 3rd cluster. Although the SD for the cluster as a whole
(0.476) is less than in the 2nd cluster, in the 1st quantile, it is greater than in the 2nd quantile.
Cluster 2 has the highest spread, containing top innovators and average performers.

Based on Mean Analysis (Table 9), Cluster 4 performs well, aligning with high innovation trends
but slightly below Cluster 2. Cluster 4 has notable diversity, and leans towards stronger innovation
trends. Cluster 2 is stable, as the median and mean indicate above-average performance.

Countries in Clusters 1 and 3 are close to average in mean values but show variability in
performance.

Table 9. The description statistics by clusters by PCs

Cluster Mean Median Min Max 0.75-quantile de\f;[:t?gr?r(%D)
PC1
cluster_0 -0.810 -0.810 -1.020 -0.600 -0.710 0.297
cluster_1 0.021 0.021 -0.069 0.112 0.068 0.128
cluster_2 0.711 0.534 0.083 1.720 1.136 0.569
cluster_3 -0.290 -0.161 -1.152 0.258 0.091 0.476
cluster_4 0.257 0435 -0.649 0.821 0.652 0.600
PC2
cluster_0 2.000 2.000 0.988 3.012 2.704 1.431
cluster_1 1.043 1.043 0.5101 1.575 1.493 0.752
cluster_2 -0.133 -0.225 -1.304 1.532 0.428 0.860
cluster_3 -0.240 -0.220 -0.800 0.449 0.201 0.441
cluster_4 -0.417 -0.479 -1.740 0.680 0.152 0.844
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End of Table 9

Cluster Mean Median Min Max 0.75-quantile de\?it:t?g:r(dSD)
PC3
cluster_0 -1.060 -1.060 -1.450 -0.671 -0.864 0.550
cluster_1 0.814 0.814 0.348 1.279 0.973 0.658
cluster_2 -0.810 -0.516 -2.478 -0.287 -0.319 0.748
cluster_3 0.065 0.183 -0.361 0.546 0.253 0.326
cluster_4 1.195 1.038 0.656 2.342 1.783 0.607
PC4
cluster_0 0.736 0.736 0.201 1.270 0.966 0.755
cluster_1 1.206 1.206 0.166 2.246 1.898 1.470
cluster_2 -0.201 -0.649 -1.469 1.247 0.889 0.950
cluster_3 -0.182 -0.114 -1.206 0.829 0.232 0.637
cluster 4 0.059 0.112 -1.872 1.778 0.918 1.191
PC5
cluster_0 0.950 0.950 0.066 1.835 1.350 1.250
cluster_1 -1.860 -1.860 -2.279 -1.440 -1.614 0.592
cluster_2 0.317 0.362 -0.826 0.815 0.452 0.519
cluster_3 -0.781 -0.637 -1.730 -0.030 -0.699 0.623
cluster_4 0.789 0.845 0.190 1.415 1.087 0.512

The illustration of the described clusters is visible in Figure 3.

Scatter Plot Matrix
2
150 *
.
o 050 ST 8 e
(<]
0 ,
& 050 s '::.
250 ud *
4
3
g s
-4 0 ‘et %e
[ A
2
3
2 -
< 1 S
g of N
g L
2 . 9
3
[ 3
] .
vl o®
g Doy
.
2 .
2 .
1 LI
8 SrEE T
& -1 e
2 2
al i T
6 30 3 6
GDP

Figure 3. Clusters with GDP

RC1

2-101234
RC2

2 <10 1 2 8

RC4

@ cluster 2 @ cluster 0 @ cluster_1 @ cluster.3 @ cluster_4

3210123
RC3



1022 A. Burinskiené et al. An integrated system for evaluating the impact of firm-based innovations on GDP

Next, based on the created PCs, the authors constructed a linear correlation model to
identify the fundamental components’ influence on countries’ GDP growth (Table 10).

Table 10. GDP growth for countries

Variable Coeff. Std. Err. P>|t|
PC1 1.146 0.056 0.004
PC2 0.852 0.035 0.002
PC3 0.273 0.035 0.001
PC4 1.245 0.038 0.004
PC5 -0.095 0.034 0.004

Intercept 0.943 0.035 0.000

All PCs contain p-value <0.05, which explains that all variables are significant predictors
of the linear regression model (11).

GDP =0.943 +1.146PC1+ 0.852PC2 + 0.273PC3 +1.245PC4 — 0.095PC5. (11)

The PCA analysis revealed that the first five PCs explain 95% of the total variance in the
data, allowing for an efficient reduction of the model complexity without losing information
relevance. The PC1 was identified as a reflection of the Innovation Index, which integrates
the most significant indicators of innovativeness, such as the share of innovative firms, their
turnover, and employee engagement. This component had the strongest positive impact on
the economic model and can be considered a key indicator of innovation potential.

The PC2 reflected digitalisation and market innovation, such as logistics, marketing, and
sales. The remaining PC3-PC5 covered specific types of innovation: collaborative innovation,
new-to-market innovation, and service innovation.

Further clustering of countries by component revealed five different levels of innovation
development: from highly digitalised but lacking in collaboration (Cyprus, Malta) to innova-
tion leaders (Sweden, the Netherlands, Finland), characterised by the full integration of inno-
vation into the economy. These results reveal a clear link between the structure of innovation
and the growth potential of GDP and can be valuable in shaping policies and strategies to
promote innovation and sustainable economic growth.

5. Discussions

The results showed a significant impact of innovation on GDP growth in the countries and
significant differences between Member States. The three-step analysis allowed not only to
quantify the impact of innovation on the economy, but also to identify the structural factors
influencing the intensity of this impact.

One of the main insights of the study is that the impact of innovation is not homogeneous
across the countries (Bottazzi & Peri, 2003; Sojoodi & Baghbanpour, 2024), with innovation
making a significant contribution to economic growth only in contexts where a favourable
environment for its development exists. This is borne out by the high-performing countries:
Germany, Denmark, Finland, the Netherlands, Sweden, and Ireland. These countries have
strong innovation ecosystems that successfully combine public and private investment in
R&D, a highly skilled workforce, and a policy environment that fosters innovation.
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Meanwhile, cluster analysis has highlighted countries where innovation potential remains
limited. These countries often face insufficient R&D investment and lower capacity to com-
mercialise innovation (Boeing et al., 2022). This shows that innovation alone does not guar-
antee economic growth — it is important to create the conditions that allow innovation to be
transferred to the market and generate added value (Raghutla & Kolati, 2023).

The econometric analysis shows that the impact of innovation on GDP is significant but
uneven, with some countries experiencing a stronger impact and others a weaker or delayed
one. This can be attributed to different rates of adoption of innovations, and, further, the
extent of diffusion. Such results align with previous studies’ findings that emphasise context's
importance in analyzing innovation’s impact (Sawng et al., 2021; Sojoodi & Baghbanpour,
2024).

The validity of the hypothesis is confirmed by the data collected, the methodology ap-
plied, and the results of empirical research. The use of Eurostat and OECD data ensures a
reliable statistical basis, PCA helped to identify the most important determinants of inno-
vation, the three-step methodology verified the relationship between the maturity of in-
novation ecosystems and GDP growth, Cluster analysis, which is a direct means of testing
the hypothesis, showed that countries with high levels of innovation grouped into clusters
coincide with groups with high GDP growth. The study’s conclusions directly confirm the
hypothesis: countries with a developed innovation ecosystem achieve higher GDP growth,
so the hypothesis is acceptable when its validity is assessed in the context of the region and
period examined in the study.

It is important to note that the integrated measurement framework proposed in the study
has proven to be an effective tool for achieving a holistic view of the relationship between
innovation and economic growth. This methodological approach can be applied in future
studies to assess the effectiveness of policy measures across countries.

In summary, this study confirms that innovation is an important factor for economic
growth, but its impact depends on several interrelated factors. To achieve sustainable and
balanced economic growth across the EU, developing policies to promote innovation tailored
to specific national needs and conditions is essential. Such a strategy would help to reduce
the gap between the countries and strengthen the EU’s overall global competitiveness.

6. Conclusions

The study aimed to comprehensively assess innovation’s impact on GDP growth in the EU
and related countries, using an integrated assessment framework and a three-step analysis
methodology. The results obtained allowed us to identify direct links between innovation
performance and economic development and look deeper into the structural, institutional,
and sectoral differences between countries. Thus, PCA has proven to be an effective tool for
revealing the key factors determining countries’ innovativeness level, even with limited data
available. The study confirms the robustness of the model and its suitability for practical
application in economic assessment and forecasting.

Countries’ innovation ecosystems are characterised by a high degree of heterogeneity.
The study shows that high-performing countries have developed mature and productive
innovation ecosystems that contribute significantly to GDP growth. Meanwhile, in other coun-
tries, like the Eastern and Southern European regions, innovation potential remains untapped
due to structural weaknesses such as limited funding, weak R&D infrastructures, low uptake
of innovation, and weak business-research collaboration.
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The most important source of innovativeness is the business sector. The innovative activity
of firms has a decisive impact on the national innovation rate. A more detailed decomposition
of these factors into service and value-chain innovations allows a consistent assessment of
the contribution of each type of innovation to economic value.

The analytical model developed has a high predictive potential. The integrated approach
allows for identifying the obvious and indirect factors affecting the innovation-to-GDP ratio.
Following this, policymakers need to adopt tailor-made innovation strategies that reflect
individual countries’ economic, social, and sectoral structural characteristics. Such strategies
would help to maximise innovation potential and reduce the innovation gap between coun-
tries.

The analysis concluded that the following factors contribute significantly to forming the
indicator: 1. level of cooperation; 2. service innovations; 3. value chain innovations for distri-
bution and logistics, marketing, and sales.

The link between the first and second components is quite strong: innovation does not
have a significant effect without marketing and service. The indicators at the production
process level confirm this. At the same time, the growth rate of labour productivity should
be higher than the average growth rate in the company’s industry. The analytical model pre-
sented in the paper shows that the method allows us to identify the significant parameters
and to move on to the indirect factors that account for the variations in the data and should
be used to forecast sustainable development of individual economies.

It ensures a high degree of accuracy in the calculations and allows management to man-
age costs most efficiently and prioritise management decisions correctly.

In summary, the three-step analysis methodology has provided a systematic and empirical
basis for the impact of innovation on economic growth. The results provide a solid basis for
further innovation application and point out the way forward for countries to achieve long-
term sustainable development.

Research has some limitations. The authors analysed the impact of innovation on the
economies of the EU and the countries concerned, Norway and Switzerland. Further research
is possible in two directions: the impact of innovation could be explored by including more
countries concerned or in another region.
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