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Abstract

PURPOSE: This paper aims to examine and compare the capital structure patterns and financial decision-making determinants
of knowledge-based firms and traditional industries in selected EU countries over the period 2000-2023. The study seeks to
uncover sector-specific features, focusing on the unique financial behaviors of knowledge-intensive enterprises compared to their
traditional counterparts. It also explores how factors such as asset structure, profitability, and growth opportunities influence
capital structure decisions within these industries, thus providing implications for financial management in innovation-driven
sectors. METHODOLOGY: The methodology involves analyzing data from 12 EU countries, categorized by industry (sectors M
and J for knowledge-based firms and other sectors for traditional firms) and firm size. The research applies panel data modeling
to evaluate the differences and influences on capital structure within these groups. FINDINGS: The study reveals that knowledge-
based firms exhibit distinct capital structure characteristics, including a higher reliance on intangible assets and lower ratios of
long-term debt compared to traditional firms. Specifically, the findings indicate that intangible assets are positively correlated
with total and long-term debt in knowledge-based firms, meaning that an increase in intangible asset value is associated with
a corresponding increase in total and long-term debt levels. This relationship aligns with the modified pecking order theory,
which posits that firms prioritize funding sources based on their perceived cost and risk. The determinants of capital structure
- such as profitability and growth opportunities — also demonstrate differing impacts, revealing the unique financial strategies
employed by knowledge-based firms. IMPLICATIONS: This research highlights the importance of adapting financial strategies
to the specific needs of knowledge-based firms, which often face unique challenges due to their reliance on intangible assets.
Policymakers can use these findings to design targeted financial policies that support the growth and sustainability of innovation-
driven enterprises, such as by offering incentives for intangible asset financing or by reducing barriers to accessing long-term debt.
For practitioners, the insights highlight the need to align financial decision-making with sector-specific characteristics to optimize
capital structure and drive competitive advantage. ORIGINALITY AND VALUE: This research makes a unique contribution by
providing one of the first comparative analyses of capital structure determinants across knowledge-based and traditional firms in
multiple EU countries over an extended timeframe (2000-2023). Unlike prior studies, which often focus on individual sectors or
countries, this study offers a comprehensive and cross-sectoral perspective, enriching the understanding of how financial theories
operate in diverse economic and institutional contexts. By addressing the financial behaviors of knowledge-intensive firms, the
research bridges a critical gap in the literature and informs both academia and practice.
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INTRODUCTION

A company can survive in a competitive market only through continuous growth and development. Business growth is
a quantitative phenomenon that involves expanding resources to scale operations, leading to an increase or maintenance
of market share. In contrast, business development is qualitative and entails changes through the introduction of product,
technological, and organizational innovations. Innovation is seen as a key factor in a company’s success (Dash, 2023), as it
provides a competitive advantage by implementing new and improved methods of operation. This involves the deliberate
application of ideas, processes, products, or procedures that are new to the company, aiming to enhance its functioning
(West, 2000). Gorska-Warasewicz (2024) emphasizes that innovation leads to improved business performance. According
to Li’s (2024) research, innovation ability is an important factor in mitigating financial distress. The author proved that
companies in financial distress that exhibit higher innovation ability tend to achieve better operational performance in
the future. Drucker (1992) argues that innovations are a unique tool of entrepreneurship, enabling resources to create new
wealth opportunities, primarily in the socio-economic sphere. Porter (1998) highlights that innovations are technological
and represent better methods and ways of manufacturing. They can involve products, processes, new marketing approaches,
and new distribution solutions.

The science sector plays a crucial role in the development of innovation. Therefore, an adequate research and
development (R&D) base is an essential element of the environment for an innovation-oriented enterprise. R&D activities
are defined as creative work undertaken systematically to increase knowledge resources and to create new applications
for existing knowledge. These activities are always directed towards new discoveries based on original concepts and
their interpretations. The goal of R&D activities is to achieve outcomes that can be commercialized (OECD, 2015).
The specific role of R&D lies in creating unique knowledge that allows a company to gain a competitive advantage,
ensuring its long-term development. Knowledge is an intangible resource, invisible and entirely dependent on the attitude
and qualifications of the company’s human capital (Skoczylas-Tworek, 2014). Entities for which knowledge forms the
basis of their operations are called knowledge-based enterprises. These companies produce and sell goods and services
developed through advanced technologies resulting from R&D work. Therefore, they convert scientific knowledge into
new technology, which they then commercialize (Oakey et al., 1988).

Knowledge-based enterprises are a diverse group of entities, differing in internal aspects (e.g., strategy, organization,
or market experience) and external aspects, such as operating in sectors with varying levels of technological development.
A common characteristic of these entities is their high capital intensity (Giudici & Paleari, 2000; Coleman & Robb, 2012),
stemming from a large share of R&D expenditures, a significant proportion of highly qualified employees often with
research experience, and a focus on innovative products. This is reflected in the value of their intangible assets, which are
the main source of value creation for knowledge-based firms (Martinez-Torres, 2014). Thus, knowledge is the foundation
of their operations and can be seen as the most important strategic intangible resource of the enterprise and a source of
competitive advantage (Sytnik & Kravchenko, 2021).

Knowledge-based entities primarily operate in sectors that require the use of advanced technological solutions.
Transition into the knowledge economy manifests in the growing importance of intangible versus tangible assets
(Rabinovich, 2023). Intangible assets have become a key factor in the operational efficiency of many enterprises.
Moreover, the unprecedented improvement of new technologies is increasingly perceived as the source of future economic
development and potentially a new engine to reverse the productivity slowdown observed in many OECD economies
(Demmou et al., 2019). It is emphasized that knowledge-based enterprises are particularly important for peripheral
regions and economies with marginal global significance. Socio-economic transformations occurring in emerging markets
increase the importance of knowledge as a key resource for companies (Paredes-Chacin et al., 2024). This is particularly
relevant as some of the countries analyzed in our study (i.e., Croatia, Hungary, and Slovakia) are classified as emerging
markets. Moreover, through knowledge, companies can overcome market entry barriers and unfavorable competitive
conditions faced by traditional businesses, such as those producing basic consumer goods or engaged in construction
(Gorman et al., 2005).

However, knowledge-based firms cannot be identified solely with areas of the economy related to advanced
technologies. Defining these entities clearly is thus challenging. These firms can be categorized as those that utilize
unique, innovative, and technologically advanced solutions developed through higher-than-average R&D investments
in their sector (Chapple et al., 2004). According to another definition, they are companies that incur above-average R&D
expenditures in their country and have a higher proportion of scientific and technical staff in their employment structure
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compared to other firms (Neville & Lucey, 2022). Additionally, a characteristic feature of knowledge-based enterprises
is the rapid diffusion of innovations and high investment risk. The previously mentioned high capital intensity in this
sector is directly related to investment risk, necessitating the acquisition of substantial financial resources. This issue
is particularly challenging for knowledge-based start-ups. Innovation advancements and digital technologies strongly
influence changes in firms’ strategic choices, so there is a need to reconsider factors influencing corporate financing
decisions, especially in high-tech sectors (Dobusch & Kapeller, 2018). Therefore, it can be concluded that the capital
structure of knowledge-based enterprises is unique due to the nature of their activities.

Butzbach and Sarno (2019) conclude that a firm’s capital structure preferences vary with its life cycle, which determines
the availability of financial resources and the cost of capital. Newly established knowledge-based enterprises, like other
firms in the early stages of their life cycle, face significant challenges in accessing financing. Capital raised through public
offerings is practically unattainable for such entities because it requires an established history and adequate financial
stability. Moreover, younger firms are less well-known than their older and more experienced competitors (Faulkender &
Petersen, 2006). Even older knowledge-based firms can struggle to secure debt financing, both in the form of bank loans
and bond issuance, due to the low proportion of tangible assets in their asset structure. These financial constraints prevent
such firms from fully leveraging their potential to undertake innovative investments (He & Tian, 2018). As previously
mentioned, innovative enterprises possess significant intangible assets, which can offer substantial future development
opportunities. However, these assets are not effective as debt collateral because their unique nature makes them difficult
to value and sell for use in another company (Revest & Sapio, 2012).

On the one hand, the prevailing view in the literature is that knowledge-based enterprises, especially high-tech
firms, may have difficulties obtaining debt financing, whether in the form of bank loans or bond issuance (Colombo &
Grilli, 2007). For this reason, innovative firms are more dependent on equity than debt financing (Falato et al., 2018).
On the other hand, research by Gorman et al. (2005) indicates that the procedures used by lenders to assess knowledge-
based firms do not differ significantly from those used for traditional companies. Also, Brown and Lee (2019) challenged
the assumption that innovative firms have problems with credit access. Based on the survey of 8000 UK SME:s in the
period following the financial crisis of 2008, they concluded that there is no difference in access to external finance for
knowledge-based SMEs and other companies.

The literature includes numerous studies on the capital structure of knowledge-based enterprises. These studies
cover various countries and present diverse approaches to the capital structure of entities in knowledge-intensive sectors.
A significant portion of these analyses focuses on firms in the USA (e.g., Yang, 2022; Habibniya et al., 2022; Na, 2021).
Other studies examine the capital structure of knowledge-based firms in specific countries such as Japan (Che-Yahya et
al., 2022) and Ireland (Neville & Lucey, 2022). Only a few analyses address the financing patterns of innovative enterprises
across multiple countries (e.g., Castro et al., 2015). Additionally, available studies often pertain to relatively distant research
periods. For this reason, these studies overlook recent economic developments, particularly in the area of finance, which
may significantly affect the capital structure of knowledge-based enterprises.

Research gaps are evident not only in the limited geographical or subjective scope of previous studies but also in the
context of the analyzed capital structure factors and their connections with knowledge-based activities. Most studies focus
on specific factors, presenting a narrow approach to understanding the determinants of capital structure. For instance,
Yang (2022) examines the impact of commercial property ownership in the U.S. office market on the capital structure
of telecommunications companies during an economic downturn. Similarly, Na (2021) analyzes the influence of an
innovative firm’s proprietary information on its debt financing preferences. Duan (2023) investigates how the threat posed
by Non-Practicing Entities (NPEs), colloquially known as patent trolls, affects capital structure decisions in high-tech
firms. In contrast, Thakor and Lo (2022) explore the interaction between product market competition, R&D investment,
and the financing choices of R&D-intensive firms in the development of innovative products.

Thus, there is a lack of comprehensive studies on comparative analyses of capital structure factors in knowledge-based
firms and entities from other traditional sectors on an international scale. First, the research gap involves determining
whether significant differences exist in the capital structure of knowledge-based enterprises compared to other entities in
selected European Union countries. To the best of our knowledge, the only research that presents the capital structure of
both groups of enterprises in a larger group of countries in a cross-sectional way was conducted by Castro et al. (2015).
However, this analysis covers a relatively distant period, i.e. 2000-2012, and focuses only on highly developed countries
in Western Europe.
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Second, it is relevant to identify and compare the impact of capital structure factors on firms in both groups. As
previously mentioned, most of the available research adopts a narrow approach, focusing on only a limited set of factors.
Only a few studies analyse a broader set of variables (e.g., Castro et al., 2015; Serrasqueiroa et al., 2016; Grabinska et al.,
2021; Spitsin et al., 2022; Kim & Pukthuanthong-Le, 2008). Third, the research period covers the most recent available
data, i.e., 2000-2023.

Consequently, the aim of this study is to identify and compare the financing patterns in sectors containing
knowledge-based enterprises and traditional sectors in selected EU countries over the period 2000-2023. This paper aims
to identify sector-specific characteristics by examining the distinct financial behaviors of knowledge-intensive enterprises
in comparison to traditional firms. It investigates the impact of factors such as asset structure, profitability, and growth
opportunities on capital structure decisions within these industries, offering insights into financial management in
innovation-focused sectors.

This article contributes to the literature on capital structure and innovative entrepreneurship. First, it verifies the
hypothesis regarding the specificity of capital structure and its determinants in knowledge-based enterprises. Second, it
tests the hypothesis on the differing impact of capital structure factors on the debt levels of knowledge-based firms versus
traditional businesses. Consequently, it provides evidence of the relationship between the unique nature of knowledge-
based enterprises and their capital structure.

The structure of the article is as follows. First, a literature review is presented, consisting of a description of the
theoretical foundations of capital structure formation and a review of empirical studies on the financing patterns of
knowledge-based firms. Based on this review, research hypotheses are formulated. The methodology section describes
the data scope and the research procedure based on panel models. Next, the research results are presented along with
a discussion of the obtained findings. The article concludes with a summary that includes practical and theoretical
implications, research limitations, and suggested directions for future research.

LITERATURE REVIEW

Theoretical background

Two opposing approaches dominate capital structure theories: the trade-off theory and the pecking order theory. These
theories provide a foundational lens for understanding the financing behaviors of firms, including those in knowledge-
intensive industries. According to the trade-off theory, firms shape their capital structure by balancing the costs and
benefits of debt (Rajan & Zingales, 1995). The starting point for this theory is taxation (Modigliani & Miller, 1963; Fama
& French, 1998) and bankruptcy costs (Opler & Titman, 1994). Tax savings from debt financing are associated with the
use of the tax shield, which increases after-tax profits. However, when a company defaults on its obligations and faces
financial difficulties, it leads to increased bankruptcy risk and associated costs. Therefore, capital structure should be
a compromise between the current tax benefits of increased debt and the costs of higher financial leverage. This allows for
the determination of an optimal capital structure, which is a specific combination of debt and equity (Myers, 1977). This
optimal structure varies across industries due to differences in technological requirements, asset structures, and creditor
trust, as reflected in the sector-specific average debt levels.

Individual sectors exhibit different financing patterns, which can be explained by trade-oft theory, as firms strive to
achieve the optimal capital structure mentioned above. This optimal level is assumed to be the average debt ratio or the
median financial leverage for a given sector, reflecting the sector’s conditions. The tendency of firms within the same sector
to have similar capital structures results from their capital needs, determined by the technologies they use, asset structure,
type of activity, and the trust of creditors, which in turn affects credit availability. Therefore, the median debt level in a sector
is a measure of financial risk. Furthermore, empirical research indicates that being part of a sector with a higher average
debt ratio is associated with a greater debt share in the capital structure of individual enterprises (Joeveer, 2013).

The second theory is based on the information asymmetry between corporate insiders and external investors (Myers
& Majluf, 1984; Myers, 1984). Castro et al. (2015) and Taglialatela and Mina (2024) demonstrated that information
asymmetry is the most significant factor limiting debt in knowledge-based firms. The pecking order theory explains
firms’ preferences regarding the use of different financing sources. The order is as follows: first, internal sources such as
retained earnings and cash surpluses along with short-term financial assets are used. After these are exhausted, firms turn
to external sources. Initially, they use bank loans and borrowings, then decide to issue bonds, and only as a last resort,
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issue equity. The literature emphasizes that the age of the firm plays a significant role in shaping the capital structure of
knowledge-based firms. The aforementioned order of financing sources is mainly characteristic of older entities that can
generate adequate internal resources and, therefore, have lower levels of debt (Lopez-Gracia & Sogorb-Mira, 2008; Castro
etal,, 2015). In contrast, the hierarchy of financing sources for innovative enterprises at early development stages is usually
different. Entities focused on R&D and possessing highly qualified staff tend to rely less on debt after exhausting internal
funds and instead rely more on equity financing through share issuance. This means these firms follow a modified pecking
order theory (Minola et al., 2013; Serrasqueiroa et al., 2016; Cosh et al., 2009). According to this concept, after internal
funds are exhausted, firms issue equity to obtain capital due to the limited availability of debt.

Knowledge-based firms face unique challenges that complicate their capital structure decisions. These firms typically
rely heavily on intangible assets, such as intellectual property and R&D outputs, which are difficult to use as collateral.
Consequently, traditional debt financing is less accessible to them (Revest & Sapio, 2012). High R&D intensity, particularly
in the early stages, exacerbates information asymmetry and financial distress risks (Hall, 2002), further limiting their
ability to secure debt financing. As a result, knowledge-intensive firms often turn to equity issuance despite its high cost
and potential signaling concerns for shareholders (Myers & Majluf, 1984; Ross, 1977).

Empirical studies on the capital structure of knowledge-based firms and hypotheses development

Firms within a given sector face not only financial risk but also industry-specific risk. This risk is related to the intensity
of competition within the sector, the flexibility and variability of demand, production characteristics—particularly capital
intensity—and the diversity of product assortment. The combined impact of these factors influences the volatility of
operating results for firms within that sector. Furthermore, higher industry-specific risk decreases firms’ propensity to
incur debt and undermines creditor confidence (Palazzo, 2019).

Most available studies emphasize that knowledge-based firms are characterized by high capital intensity, particularly
in the early stages of their life cycle. The primary sources of this capital intensity are investments in research and
development (R&D) and marketing, which are essential components of any innovative project and require substantial
financing. Consequently, these entities must seek large amounts of financial resources, both equity and debt. However, the
capital structure of knowledge-based enterprises is not homogeneous. The demand for financial resources from various
sources is primarily influenced by specific characteristics of knowledge-based entities, especially the high proportion of
intangible assets and significant R&D expenditures (Hogan & Hutson, 2005; Hyytinen & Pajarinen, 2005).

Knowledge-based enterprises may have difficulty obtaining debt financing, both in the form of bank loans and bond
issuance, due to the low proportion of tangible assets in their asset structure (Colombo & Grilli, 2007). As previously
mentioned, these firms possess significant intangible assets. However, these assets are not effective collateral for debt
because their unique nature makes them difficult to sell for use in another company (Revest & Sapio, 2012; Brierley, 2001).
Moreover, firms with substantial intangible assets exhibit higher levels of information asymmetry (Hogan & Hutson, 2005),
stemming from the difficulty in valuing these assets, creating an additional barrier to obtaining debt financing (Harris
& Raviv, 1991). This effect is further confirmed by the negative impact of intangible assets and growth opportunities on
financial leverage, which leads to reduced debt levels (Castro et al., 2015). However, as shown by Taglialatela and Mina
(2024), the type and order of financing sources depend on the degree of information asymmetry associated with R&D
activities, capital equipment, and the introduction of new products and processes specific to each firm. Furthermore,
high R&D intensity, especially in early-stage firms, signals significant future growth potential, which is associated with
high risk and increased expected financial distress costs (Hall, 2002). This significantly limits access to credit, as banks are
reluctant to finance such firms. Consequently, high R&D expenditures lead to lower financial leverage.

High fixed costs associated with the salaries of highly skilled scientific and technical staft, along with other R&D
expenditures, represent a significant financial burden for knowledge-based firms. As previously mentioned, due to
difficulties in obtaining debt and the depletion of internal funds, these firms often resort to issuing equity. According
to signaling theory, such actions are negatively perceived by existing shareholders as they indicate financial difficulties
(Myers & Majluf, 1984). In such situations, firms incurring losses attempt to attract new shareholders (Ross, 1977). This
action aims to reduce the burden of these losses on current shareholders. Moreover, issuing equity is viewed negatively
due to the additional costs associated with the issuance. Therefore, it is assumed that an increase in equity capital through
share issuance signals a future decline in the firm’s value.

For these reasons, the pecking order theory assumes that entities with substantial intangible assets are less leveraged
than other enterprises. Similarly, according to the trade-off theory, firms with significant intangible assets exhibit lower debt
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levels (Rajan & Zingales, 1995). These assets are more likely to lose value when the firm’s financial situation deteriorates,
thus increasing expected bankruptcy costs (Myers, 1984).

On the other hand, the pecking order theory can explain the opposite relationship between capital structure and
intangible assets in knowledge-based enterprises. The significant financial needs of these firms and the information
asymmetry associated with their intangible assets increase the cost of equity capital from share issuance (Frank &
Goyal, 2009). Consequently, this leads to higher financial leverage, as these entities will prefer cheaper debt capital. Moreover,
substantial intangible assets may provide future development opportunities associated with a competitive advantage based
on knowledge (Sytnik & Kravchenko, 2021). Neville and Lucey (2022) documented the positive impact of intangible assets
on the value of a firm’s generated income, which can serve as an additional incentive for creditors. Research by Gorman
et al. (2005) indicates that the procedures used by creditors to assess knowledge-based firms and traditional firms do not
differ significantly, further confirming the positive relationship between intangible assets and debt. Additionally, Na (2021)
demonstrated that the primary factor determining the choice of financing sources in innovative American firms is their
patents. These firms have specific debt preferences, initially opting for public debt, followed by private placements and bank
loans. However, as these entities become more competitive, their financing patterns begin to reverse.

In practice, a knowledge-based enterprise may possess not only a significant proportion of intangible assets but
also valuable tangible assets that can be used as debt collateral. Yang (2022) showed that American telecommunications
firms with substantial commercial real estate assets have higher debt levels. His research indicates that this relationship
was particularly significant during the economic recession, where real estate, used as collateral, significantly expanded
financing opportunities. According to Habibniya et al. (2022), American telecommunications firms exhibit exceptionally
high debt ratios.

Knowledge-based firms are under constant pressure for continuous development throughout their life cycle. As
their fundamental resource, knowledge is continuously accumulated by these entities. However, due to technological
obsolescence, these firms must periodically invest in renewing their assets. Therefore, knowledge-based enterprises,
whose products have short life cycles and are accepted by the market, exhibit high growth rates throughout their life cycle
(Kazanjian, 1988). If a firm fails to renew its technologies, its growth rate would drop to the market’s average growth rate,
leading to maturity and eventual elimination by competitors. According to the trade-oft theory, firm age promotes higher
leverage because older firms have better market reputations. In contrast, the pecking order theory explains the opposite
relationship. Older firms show higher profitability due to their ability to generate and accumulate more profits (Frank &
Goyal, 2009). However, due to the need for continuous development and significant growth potential, knowledge-based
firms are compelled to seek additional financing sources to cover technological renewal costs, as internal funds may be
insufficient. Consequently, this leads to increased financial leverage.

The aforementioned characteristics of knowledge-based firms affect all areas of their operations. Therefore, it is
assumed that the capital structure of these firms, as well as its determinants, are primarily shaped by the sector effect.

The trade-off theory explains the lower debt levels in knowledge-based firms by highlighting the heightened
bankruptcy costs associated with intangible assets, which tend to lose value quickly in financial distress (Myers, 1984).
Meanwhile, the pecking order theory offers a contrasting perspective, suggesting that the high financial needs and growth
potential of such firms may lead to greater reliance on debt, despite their intangible-heavy balance sheets. For instance,
intangible assets can generate future growth opportunities and income streams, incentivizing creditors to extend financing
(Neville & Lucey, 2022).

Drawing from the above theoretical insights, the capital structure of knowledge-intensive firms is expected to differ
significantly from that of firms in other industries due to their reliance on intangible assets, high R&D expenditures, and
sector-specific risks. Moreover, the determinants of capital structure, such as growth potential and asset structure, likely
influence these firms differently. These theoretical arguments form the basis for the following research hypotheses:

H1: The capital structure metrics and their firm-specific determinants are significantly different in knowledge-based firms

than in firms from other industries.
H2: The impact of capital structure determinants in knowledge-based firms varies from that in other industries.
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METHODOLOGY

Data characteristics

The data used for the empirical section of this study originates from the BACH database (BACH, 2023), which offers
standardized annual financial statistics for non-financial companies across twelve EU nations: Austria (AT), Belgium
(BE), Germany (DE), Spain (ES), France (FR), Croatia (HR), Hungary (HU), Italy (IT), Luxembourg (LU), Poland (PL),
Portugal (PT), and Slovakia (SK). These countries not only belong to different geographical regions but also exhibit
varying levels of economic and innovation development, as shown in Figure 1(EUROSTAT, 2024).
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Figure 1. Gross domestic expenditures to the GDP in selected European countries in 2022 (Euro per inhabitant)

In 2022, the highest gross domestic expenditures on R&D among the selected European countries were recorded in
Belgium and Austria, with these countries allocating €1,585.5 and €1,597 per capita, respectively. It is remarkable that,
among the remaining countries, only Western European nations were included in the group with high intramural R&D
expenditures.

Within the analyzed group, Poland, Slovakia, Croatia, and Hungary spent less than €500 per capita on gross domestic
R&D expenditures. This group also includes countries that underwent economic and political transformation in the
1990s, as well as those located in Southern Europe. Interestingly, this situation applies even to Italy, which, despite ranking
among the world’s wealthiest countries, exhibits relatively low R&D spending.

Poland presents a particularly unique case. In 2018, Poland became the first Central and Eastern European (CEE)
economy to be promoted by FTSE Russell’s index provider from Emerging Market to Developed Market status (https://
emerging-europe.com/analysis/poland-promoted-to-developed-market-status-by-ftse-russell/). This promotion places
Poland among the 25 most advanced global economies. However, as Eurostat data demonstrate, Poland remains one of
the EU countries with the lowest levels of intramural R&D expenditures, reflecting a disconnect between its economic
classification and its R&D investment levels , as shown in Figure 1.

In highly developed economies such as Austria, Belgium, France, Germany, and Luxembourg, most of the financial
resources for R&D activities are provided by enterprises. It is important to emphasize that the value of these expenditures
is significantly higher than those incurred by government institutions. As shown in Figure 2, this pattern is characteristic
of Western European countries.

In contrast, countries that underwent economic and political transformation in the 1990s, as well as those classified as
Southern European countries, exhibit similar trends regarding the relationship between R&D expenditures by enterprises
and those by government institutions. However, in most of these cases, corporate expenditures remain very low, typically
below €300 per capita, as illustrated in Figure 2 (EUROSTAT, 2024).
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Figure 2. The value of intramural R&D expenditures in selected European countries in 2022, in a sectoral approach
(Euro per inhabitant)

The BACH database, published by the European Committee of Central Balance Sheet Data Offices (ECCBSO),
compiles aggregated data, including balance sheets, income statements, cash flow statements, and other financial metrics,
alongside information regarding company size and sector classification. The database classifies companies according to
the NACE system into 18 sectors listed in Table 1. The selection of countries was determined by the availability of data in
the BACH database at the time of retrieval. All countries with comprehensive and consistent financial records within the
database were included, ensuring the representativeness of the sample across the EU. However, this reliance on database
coverage introduces potential limitations: not all EU countries were included, and the sample may not fully capture the
diversity of economic or industrial conditions within the region. This limitation is acknowledged, and future research
could benefit from expanding the scope to include additional countries and datasets.

Although this study provides insights into the financial strategies of knowledge-based firms, it also acknowledges
the heterogeneity in the economic, institutional, and industrial development of the selected EU countries. The surveyed
countries represent diverse levels of industrial advancement and economic conditions, which influence the operational
environment for knowledge-based firms. However, the analysis does not focus explicitly on the broader conditions for the
development of knowledge-based firms, such as national innovation systems or policy frameworks. Future research could
address this limitation by integrating additional contextual variables reflecting the industrial and institutional structure
of the surveyed countries.

Table 1. Classification of sectors according to the NACE system in the BACH database

NACE code Sector description

Agriculture, forestry and fishing

Mining and quarrying

Manufacturing

Electricity, gas, steam and air conditioning supply water

Water supply, sewerage, waste management and remediation activities
Construction

Wholesale and retail trade, repair of motor vehicles and motorcycles
Transportation and storage

Accommodation and food service activities

Information and communication

Financial and insurance activities

Real estate activities

Professional, scientific and technical activities

Administrative and support service activities

Education

Human health and social work services

Arts, entertainment and recreation

Lo ZZOART T nIOTMEHOO® >

Other service activities
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The analysis in this study covers all industrial sections available in the database, excluding the financial sector (K).
The industries were categorized into two groups:

1) Companies from sections J - Information and Communication and M - Professional, Scientific, and Technical
Activities.

2) The remaining industries in 12 countries and 3 size classes (small, medium, and large) during the period from 2000
to 2022.

The aim of this categorization was to extract companies involved in modern technologies and knowledge-based firms.
While knowledge-based firms may be found across various sectors, the concentration of such enterprises is particularly
strong within sectors J and M due to the nature of their activities, which focus on innovation, intellectual capabilities,
and technological advancement. These two sectors house firms that heavily rely on intangible assets, advanced expertise,
and innovative business models. Therefore, these sectors are essential for analyzing the financial behavior of knowledge-
based firms due to their reliance on intellectual property, R&D, and intangible assets. By isolating these sectors, this study
captures the specific financial features of innovation-driven industries.

The key sectors where enterprises operating in the field of modern technologies can be identified include:

e Sector J - Information and Communication: This sector covers a wide range of activities related to IT,
telecommunications, programming, information services, and digital media. Companies in this sector are involved
in the development, implementation, and maintenance of information and communication technologies, which
include software, computer hardware, telecommunications, the internet, and digital services;

* Sector M - Professional, Scientific, and Technical Activities: This sector includes enterprises engaged in research
and development (R&D) in the fields of technical sciences, engineering, biotechnology, nanotechnology, and
other areas that can be considered technologically advanced. This sector also includes consulting and engineering
services related to the implementation of new technologies.

While knowledge-based firms may be found across various sectors, it is most likely that the majority of them will
be concentrated within sectors M and J. These two sectors are particularly significant in this regard as they encompass
activities closely associated with innovation, scientific and technical expertise, and advanced information services. In other
words, sectors M and ] are most likely to house the majority of firms that are heavily reliant on intellectual capabilities and
technological advancements. This concentration can be attributed to the nature of the activities within these sectors, which
are integral to the development, application, and dissemination of knowledge. Table 2 provides a structured overview of
the specific activities and functions within sectors M and J according to the NACE classification.

Table 2. Subsectors and activities in Sectors M and J according to NACE Classification

Sector M Subsectors Activities in Sector M Sector J Subsectors Activities in Sector M
Legal, accounting, and tax Legal services, accounting, bookkeeping, tax Publishing Includes the publication of books, magazines, newspapers,
consultancy activities consultancy and auditing as well as digital and electronic publications. This area
also encompasses the publishing of computer games.
Management and consultancy Business and management consulting, including Production of films, video Includes the production of cinema films, television series,
services strategic and organizational advice for companies recordings, and television live television programs, as well as the production of
programs, recording of sound music and audiobooks.
and music publishing
Architectural and engineering Services related to architectural and engineering Broadcasting Includes broadcasting radio and television programs, over
activities; technical testing design, as well as research and analysis in the field of the internet, and other forms of digital distribution. Can
and analysis engineering occur at both public and private levels.
Scientific research and Activities related to conducting scientific research and Telecommunications Involves providing telecommunication services, such as
development developmental work in various fields of knowledge fixed-line and mobile telephony, internet access, and the

transmission of data and communication in text, voice,
image, or video forms.

Advertising and market Advertising and marketing services, including market Programming and broadcasting  Refers to creating software and computer systems, including
research and public opinion research applications, databases, operating systems, and network
systems.
Other specialised professional Includes a wide range of specialised professional services Information services Includes services such as data processing, hosting, internet
activities not listed in other categories, such as photography, portals, the operation of internet search engines, and
translations, and consultancy in specific fields other services related to delivering information over the

internet.
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This concentration of knowledge-based firms within sectors M and J is a fundamental reason for analyzing their
capital structure separately and comparing or contrasting it with the financing strategies of other industries. The distinct
nature of these sectors, driven by intellectual property, innovation, and technology, often leads to unique financial needs
and risk profiles that differ considerably from more traditional industries.

Knowledge-based firms, such as those involved in scientific research, technology development, and high-level
consultancy, often invest heavily in R&D and rely on securing intellectual property rights. These factors necessitate a capital
structure that can support long-term investment and tolerate periods of significant cash burn without immediate financial
returns. Moreover, these companies may face greater volatility and uncertainty in their revenue streams, influencing their
approaches to leverage and liquidity management.

In contrast, industries with more tangible assets and predictable cash flows, such as manufacturing or retail, might
utilize more traditional financing strategies, often with higher levels of debt financing supported by their physical assets
as collateral. Therefore, understanding the distinct capital structures in sectors M and J not only highlights the specific
financial strategies needed to support innovation-driven business models but also helps in benchmarking and drawing
contrasts with other sectors.

The specificity of these sectors in terms of both financing patterns as well as the proportion of intangible assets is
visualised in Figure 3.

0,400

0,300
0,200
0,100 .
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M&J

m[TD mSTD mNTG

Other industries

Figure 3. Capital structure ratios and the share of intangible assets in sectors M&J and other industries

Figure 3 illustrates a significant difference in the ratio of intangible assets (NTG) between the sectors M and ] and
other industries, with the two sectors registering a nearly double share of intangible assets compared to other industries.
This suggests a pronounced focus on intangible assets such as patents, trademarks, or goodwill, which can be a reflection
of a more innovative or intellectual property-driven business model. This emphasis on intangibles could indicate that
the two sectors are leveraging unique business competencies or innovative products that are not as prevalent in other
industries. Such a strategy might offer competitive advantages in markets where intellectual property and brand value
play crucial roles in business success.

As for the debt ratios, sectors M and ] exhibit a lower long-term debt ratio compared to other industries, suggesting
a more conservative approach to long-term financial commitments or a reduced necessity for heavy capital investments.
Conversely, it shows a higher short-term debt ratio, indicating a reliance on short-term borrowing to possibly capitalize
on immediate opportunities, manage cash flows, or cover operational costs without long-term financial entanglements.
These strategies reflect a focus on maintaining liquidity and flexibility, which is crucial for rapidly changing industries or
those heavily investing in innovation and intangible assets.

The analyzed data is structured in three dimensions: 12 countries, 3 firm-size classes, and 23 years, with the most
recent year being 2022 due to data release delays. Several dependent and explanatory variables are computed for each data
point across these dimensions, as detailed in Table 3.

The set of variables used in the analysis aligns with other research in the field of finance and corporate structure,
particularly in studies focusing on knowledge-based firms and innovation-driven industries. Debt ratios (total, long-
term, and short-term) are standard measures in financial analysis utilized across many studies to assess leverage and
financial stability, as seen in research by Rajan and Zingales (1995) and Faulkender and Petersen (2006), which analyze
these ratios to discuss capital structure theories.
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Asset ratios (asset fixity and intangible asset ratio) are also important for understanding the composition of assets
in firms, particularly the proportion of intangible assets in knowledge-based industries, a topic explored in studies such
as Erickson and Rothberg (2019). Additionally, depreciation to sales and effective tax rate metrics commonly evaluate
operational efficiency and tax planning strategies. Importantly, depreciation acts as a non-debt tax shield, offering firms
a way to reduce taxable income without increasing debt. Fama and French (1998) provide insights into how such tax
strategies, including depreciation, influence financial decisions.

Table 3. Definition of variables employed

Variable character Symbol Ratio or dummy Formula or specification
TTD Total debt ratio Liabilities / Assets
Dependent variables LTD Long-term debt ratio Non-current liabilities / Assets
STD Short-term debt ratio Current liabilities / Assets
FXA Asset fixity ratio Fixed assets / Assets
NTG Intangible asset ratio Nontangible assets / Assets
DPR Depreciation to sales ratio Depreciation and amortization / Net turnover
P TAX Effective tax rate Tax on profit / Net turnover
= Firm specific
I . LCR Liquidity current ratio Current assets / Total assets
= variables
g AVR Assets variability Assets annual variation rate
g‘ ROA Return on assets Net operating profit / Total assets
E SGR Sales growth Net turnover annual growth rate
<
T% STF Labor cost ratio Staff costs / Gross value added
= SIZE Firm size dummy variables SM, ME, LA
. CT Country dummy variables AT, BE, DE, ES, FR, HR, HU, IT, LU, PL, PT, SK
Dummy variables )
IND Industry dummy variables A,B,C,D,E,EG H,LJ,L,M,N,P,QR,S
YEAR Dummy variables for years 2000-2023

Liquidity ratios (current ratio and assets variability) are crucial for liquidity management in sectors where cash flows
may be unpredictable, such as technology and R&D intensive industries, aligning with studies by Myers and Majluf
(1984) that discuss liquidity preferences under conditions of information asymmetry. Profitability and growth metrics
are key indicators of operational effectiveness and market performance, widely examined in the literature on corporate
growth and sustainability, including works by He and Tian (2018) and Yang (2022), which discuss the impact of financial
strategies on growth.

Lastly, the labor cost ratio is particularly relevant for industries where human capital is a significant operational
cost, with studies like Sytnik and Kravchenko (2021) exploring the relationship between labor costs and value added in
knowledge-intensive firms.

Including dummy variables for firm size, country, industry, and years in the analysis (as detailed in Table 2) is aimed
at controlling variability and isolating the effects of specific factors. Firm size dummies allow for assessment of financial
strategies influenced by operational scale. Country dummies account for economic, regulatory, and cultural variations
affecting financial metrics across regions. Industry dummies enable differentiation based on sector-specific dynamics
such as capital intensity and regulatory environment. Finally, year dummies adjust for time-specific economic conditions
and trends, providing a temporal context to the financial data, and enhancing the relevance of the analysis by accounting
for external influences over the period from 2000 to 2023.

Methods

The methods employed in the empirical section of the study align with the primary objective, which is to investigate
whether the capital structure and the factors influencing financing choices in knowledge-based firms differ from those in
other sectors.

To test the first research hypothesis (H1), which posits that capital structure metrics and their firm-specific
determinants differ significantly between knowledge-based firms and those from other industries, a one-way analysis
of variance was conducted using industrial classification as the grouping factor, distinguishing knowledge-based firms
(sectors M or J) from others.
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The second hypothesis (H2), states that the impact of capital structure determinants differs between knowledge-
based firms and other industries, was verified through panel data regression results conducted separately for the two

groups: industries M and ] versus other industries.
The model is defined by the formula (1):

Dcist = ﬁo + ﬁlFXAcist + BZNTGcist + ,83DPRcist + ,B4TAXcist + :BSLCRcist +
+B6AVR st + +B7RO0A st + PgSGR st + PoSTFeise + VsSIZE + a .CT + (1)
8;IND + +p,YEAR + &,

where:

D_, - one of the three debt measures (TTD, LTD, STD) in firm size s, country ¢, industry i in year ¢,
B,Y, a, 8, p - coefficients,

¢ — random factor,

other variables as specified in Table 3.

The panel data model assumes consistency in financial reporting standards across countries, which is critical
given the multi-country scope. While the BACH database adheres to standardized financial metrics, variations in the
implementation or interpretation of accounting standards could influence results. Additionally, the stationarity of variables
was assumed for the econometric analysis. Although these assumptions align with established methodologies, potential
deviations could impact the robustness of the findings. Future extensions of this research may involve robustness checks
or adjustments for non-stationary variables.

It should be noted that in the case of estimations for sectors M and J, industry dummies were included only for these
two industries. For other industries, the remaining industry dummies were included accordingly.

First, the model was estimated using pooled OLS for the two groups of industries separately with different dependent
variables representing various debt maturities, excluding dummy variables. After removing insignificant variables, panel
specification tests determined the most suitable model for explaining the dependent variable. The Wald F test assessed
the suitability of the pooled model by examining the joint significance of group means. Rejection of the null hypothesis
indicated that the fixed effects (FE) model was more appropriate. The Breusch-Pagan test compared the pooled model to
the random-effects (RE) model, with the null hypothesis favoring the pooled model and the alternative suggesting the RE
model. The Hausman test then compared the RE and FE models, where the null hypothesis indicated the RE model was
consistent and efficient, while the alternative suggested the FE model was both consistent and efficient (Tsionas, 2019).

In most cases, the FE model was found to be appropriate. The model was then re-estimated with all dummy variables,
and the Wald test verified the joint significance of each group of dummy variables (country, industry, size, and year). If the
RE model was indicated as appropriate by the panel specification tests, interpretations were based on the RE model. The
results of this analysis are detailed in the following section.

RESULTS AND DISCUSSION

The aim of the article was to identify and compare financing patterns in sectors comprising knowledge-based enterprises
and traditional sectors, as well as the determinants of financial decisions made by both groups of entities in selected
European Union countries from 2000 to 2023. The study attempted to explain the financial decisions of both groups of
enterprises based on two opposing concepts, namely the trade-off theory (Modigliani & Miller, 1963; Fama & French,
1998; Rajan & Zingales, 1995; Opler & Titman, 1994) and the pecking order theory (Myers & Majluf, 1984; Myers, 1984).
The influence of capital structure factors was analyzed in the context of the specific characteristics of knowledge-based
enterprises, namely capital intensity and the high proportion of intangible assets (Coleman & Robb, 2012; Hogan &
Hutson, 2005; Hyytinen & Pajarinen, 2005).

The empirical analysis aimed to investigate the capital structure and the factors influencing financing choices in
knowledge-based firms compared to traditional industries. The analysis was conducted using a one-way analysis of
variance (ANOVA) and panel data regression, with separate evaluations for knowledge-based sectors (M and J) and
other industries.
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Table 4 presents the one-way ANOVA results, where the grouping factor is the classification of sectors as knowledge-
intensive or traditional. The debt metrics and firm-specific variables are analyzed to determine if there are significant
differences between these two groups. The F-statistics and p-values are reported, with significant values indicating notable
differences in capital structure metrics and determinants between knowledge-based and traditional firms. However, no
significant cross-industry differences were observed in terms of total debt ratio (TTD), tax burden (TAX), and sales
variability (SVR).

Table 4. One-way ANOVA results with the grouping factor as the classification of sector as knowledge-intensive or traditional

Debt metrics Firm-specific variables

Statistic TTD LTD STD FXA NTG DPR TAX LCR ASG ROA SVR STF
F 33 222.1 115.9 507.5 347.0 13.2 1.5 6.8 21.5 29.8 0.0 11.9
p 0.068 0.000 0.000 0.000 0.000 0.000 0.223 0.009 0.000 0.000 0.900 0.001

Note: The values of F statistics were bolded for p<0.1.

Table 5 shows the estimation results of panel regressions specifically for knowledge-intensive sectors (M and J),
whereas Table 6 provides the estimation results of panel regressions for other sectors, excluding knowledge-intensive
ones. The results reveal how different factors influence the capital structure of companies in knowledge-based sectors
compared to traditional industries. The joint significance tests, Breusch-Pagan tests, and Hausman tests are included to
ensure the robustness and validity of the models used.

Table 5. Estimation results of panel regressions for knowledge-intensive sectors (M and J)

TTD LTD STD®
Variable Estimate Std. error Estimate Std. error Estimate Std. error
const. 0.120%** 0.120 0.167** 0.068 0.987*** 0.060
FXA 0.078*% 0.078 0.317% 0.078 -0.606** 0.074
NTG 0.175%** 0.175 0.7424%% 0.155
DPR -0.591* 0.352
TAX 0.386*** 0.073
LCR 0.039%% 0.039 -0.136" 0.038
AVR 0.017** 0.017
ROA 0.216%** 0.216 -0.764** 0.301
SGR 0.000** 0.000 -0.000* 0.000
STF -0.086** 0.042
SIZE® No ME**, LA*** LA*
CT(3) BE***) HU**X’) DE**X’, ES**X’, BE***) HU*X’*) DE*X’, ES**X’, IT*X’*) PLX’** BE***’ HU*X’*) DE***, ES*X’*) FR***) HR***, IT*X’*)
FR***) HR***, ITX’**’ PL**X’, LU***, PL){»)(»){»
PT***
IND® M** Mx* No
YEAR® 2004%*,2005%**, 2015%, 2016**  2004**, 2013*, 2014** 2011%, 2015%*,2016**, 2017*, 2018*, 2019*, 2020**,
2021**,2022*
No. obs. 401 403 403
R? 0.696 0.678 n/a
AIC -948.4 -1025.3 -1430.9

Panel specification tests

Joint sign. of diff. F(48, 333) = 8.8 (0.000) F(49, 335) = 8.3 (0.000) F(11, 195) = 7.6 (0.000)

group means

Breusch-Pagan LM = 304.2 (0.000) LM = 373.3 (0.000) LM = 32.2 (0.000)

Hausman test H=16.3(0.038) H =14.1(0.079) H =3.9(0.410)

Joint significance robust F test

Size n/a 8.7 (0.000) 1.6 (0.200)

Country 16.8 (0.000) 10.4 (0.000) 36.6 (0.000)

Industry 7.8 (0.007) 4.4 (0.040) n/a

Year 4.3 (0.004) 3.5(0.021) 104.6 (0.000)
Notes: @ - the model was estimated as random effects. Interpretation of parameters in relation to: @ - small firms.
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The estimation results provide evidence of the positive impact of intangible assets on the overall and long-term debt
levels of knowledge-based firms. This relationship can be explained through the pecking order theory. As previously
mentioned, significant information asymmetry, characteristic of knowledge-based firms, leads to an increased cost of equity
capital, prompting these entities to choose cheaper debt capital (Frank & Goyal, 2009). The positive relationship between
debt and intangible assets can also be linked to future growth opportunities associated with a competitive advantage based
on knowledge (Sytnik & Kravchenko, 2021; Barney, 1991; Hitt et al., 2001). This indicates that the intangible assets held by
knowledge-based firms enable them to generate significant income, positively influencing credit assessments and leading
to increased debt levels. Conversely, Castro et al. (2015) found the opposite results, demonstrating a negative impact of
intangible assets and growth opportunities on financial leverage, leading to reduced debt levels in European knowledge-
based firms. Lim et al. (2020) highlight that identifiable intangible assets have a similarly positive impact on financial
leverage as tangible assets, supporting firms’ ability to obtain debt. Mann (2018) demonstrated that, in 2013, 38% of U.S.
patenting firms used patent portfolios as collateral for secured debt. This indicates that certain types of intangible assets
play a significant role in financing innovation.

Table 6. Estimation results of panel regressions for other sectors (A, B, C,D,E,E G, H,LL,N,P,Q R, S)

TTD LTD STD®W

Variable Estimate Std. error Estimate Std. error Estimate Std. error
const. 1.149%** 0.057 -0.084** 0.035 1.070*** 0.034
FXA -0.279%** 0.055 0.293*** 0.047 ~0.635%** 0.028
NTG 0.064** 0.030
DPR 0.547*** 0.146
TAX
LCR -0.113%%%* 0.013 0.021* 0.012 -0.153%** 0.010
AVR 0.040* 0.022
ROA -0.559%% 0.101 -0.224%%% 0.052
SIZE® ME** ME***, LA** No
CT® BE*, HU***, DE#**, ES**,  DE**, FRO%*, HR***, PL***, P+ BE***, HU***, DE***, ES***, FR***, HR***,

FR*0*, HR***, [T#0*, P+, [T+, PLov*, PT***

PTH*
IND®W BX, D¢, BXex Poot e HO0 Bor Dok oot () P00t X 008 NP Y, Nt pox

[, L00, NHE, Pove, Qs Rowx, Qi

gH*
YEAR® 2003-2007***, 2009*%, 2010**  2003%, 2004**, 2008**, 2010-2022*** 2007*,2021**
No. obs. 7202 2718 2718
R2 0.558 0.592 0.813
AIC -5258.0 -5502.3 -7650.0

Panel specification tests

F(380, 2288) = 11.9 (0.000)
LM = 4269.7 (0.000)

Joint significance

Breusch-Pagan

F(387,2295) = 8.5 (0.000
LM = 3027.2 (0.000

)
)

F(391, 2307) = 9.2 (0.000)
LM = 3976.0 (0.000)

Hausman test H =28.3(0.002) H =76.1 (0.000) H = 50.7 (0.000)
Joint significance robust F test

Size 5.6 (0.018) 8.7 (0.000) n/a
Country 42.3 (0.000) 40.0 (0.000) 26.6 (0.000)
Industry 7.5 (0.000) 11.7 (0.000) 3.7 (0.011)
Year 3.1(0.003) 4.4 (0.000) 3.5(0.031)

Notes: ) - the model was estimated as random effects. Interpretation of parameters in relation to: © — small firms, ® - Austria, ® - agriculture sector (A), ® - year 2000.

Significance at the level of " - 10%,” - 5%, ™ - 1%.
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In traditional firms, this positive relationship was observed only with short-term debt, indicating differences in the
impact of intangible assets on capital structure between the two groups.

The asset structure of knowledge-based firms also promotes long-term debt, as explained by trade-oft theory. Tangible
assets serve as good collateral, reducing potential bankruptcy costs and encouraging higher financial leverage (Cevheroglu-
Acar, 2018). Similar findings were reported by Yang (2022), who showed that American telecommunications firms with
substantial commercial real estate had higher debt levels. Furthermore, these firms exhibited exceptionally high debt
ratios (Habibniya et al., 2022). However, for overall and short-term debt, the asset structure’s impact in knowledge-based
firms was negative, as firms with significant tangible assets are less prone to issues arising from information asymmetry,
lowering the cost of equity issuance and reducing their propensity to incur debt (Li & Islam, 2019). In both knowledge-
based and traditional firms, these relationships were consistent.

Regarding the non-debt tax shield, an opposite impact on long-term debt was found in both groups. In knowledge-
based firms, the impact was negative, consistent with both the pecking order and trade-oft theories. According to the
pecking order theory, firms accumulating funds through depreciation have less need for debt capital due to broader
internal financing options (Kovacova et al., 2022). The trade-off theory posits that the non-debt tax shield can substitute
the debt tax shield, leading to a negative relationship with debt levels (Poornima & Kumar, 2022). In traditional firms,
a positive relationship was observed, explained by agency theory, which suggests firms increase debt to counteract the
irrational use of free cash flow resulting from increased depreciation by managers (Jensen & Meckling, 1976).

In knowledge-based firms, the impact of tax burdens on short-term debt was positive, aligning with the trade-off
theory (Fleckenstein, 2020), indicating limited use of the tax shield effect, primarily in working capital loans. In traditional
firms, tax burdens were statistically insignificant.

In the first case, higher liquidity enables companies to undertake riskier projects and finance them through bank
loans, as the lower risk of solvency issues makes lenders more willing to provide funding (Ramli et al., 2019). In the
second case, it suggests that knowledge-based firms prioritize the use of their accumulated cash reserves and equivalents,
thereby reducing their need for external borrowing (Garcia-Rodriguez, 2021). Such behavior is partially consistent with
the pecking order and trade-off theory. In traditional firms, similar relationships were observed in the aforementioned
debt areas. However, the impact of liquidity on long-term debt in this group was positive. The research findings are largely
consistent with those of Castro et al. (2015), who demonstrated similar relationships between debt and financial liquidity
in both European technology firms and other entities.

The impact of risk on overall debt in the group of knowledge-based firms was surprising, as it led to an increase in
overall debt. This phenomenon can be attributed to the interventionist policies of the EU and member states regarding
the activities of knowledge-based firms, which influence their financial decisions. Similar conclusions were reached by
Jaworski and Czerwonka (2021), who found that the debt levels of the studied enterprises increased with rising financial
risk in the sector. It can thus be assumed that the positive relationship between risk and debt is a specific feature of firms
extensively using various support instruments and consequently subject to regulatory influences affecting their financial
performance. However, this issue is difficult to interpret definitively and requires further in-depth research. Interestingly,
in the group of traditional firms, risk positively affected short-term debt. This can be explained by the limited access
to bank credit for high-risk firms. After exhausting internal financing, such entities are forced to rely on short-term
obligations. This situation is characteristic, for example, of the construction sector (Badu et al., 2012).

Profitability was found to be a factor limiting debt in both knowledge-based firms and traditional enterprises. High-
profitability firms typically exhibit low levels of financial leverage as they prefer internal financing. This relationship
aligns with the pecking order theory. These conclusions are consistent with previous studies, such as those by Neville and
Lucey (2022), Castro et al. (2015), and Che-Yahya et al. (2022). However, excessive dependence on internal finance can
negatively affect firms” innovativeness. To address this issue, firms could increase their reliance on new equity finance
and debt finance, particularly bank finance and trade credit finance (Ayalew & Zhang, 2024). This argument has been
supported by other studies. Wellalage and Fernandez (2019) found a positive relationship between external finance and
both product and process innovation. Similarly, Cui and Yang (2018) showed that equity financing constraints reduce
Chinese firms’ R&D investments, with this negative effect being particularly pronounced in industries heavily dependent
on external financing.

Equity finance plays a crucial role for innovative firms, especially those with greater external financing needs, as it
enables them to benefit from going public (Acharya & Xu, 2017). By overcoming financing frictions and improving access
to capital, equity financing enhances innovation. Moreover, it allows investors to share in upside returns and facilitates the
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funding of innovation investments by transferring idiosyncratic innovation risks to diversified investors through public
equity markets (Bernstein, 2015).

Another factor significantly influencing the debt levels of knowledge-based enterprises is growth opportunities, which
leads to an increase in long-term debt while simultaneously reducing short-term debt. The positive relationship between
long-term debt and growth opportunities can be explained by the pecking order theory. According to this concept, the
information asymmetry between managers and investors and the associated need to reduce information costs cause firms
to prefer a specific order of financing sources for their investments. Therefore, commercial debt is considered a “more
internal” source of financing than the issuance of bonds or equity (Garcia-Rodriguez, 2021). The positive relationship
between long-term debt and growth opportunities can be attributed to the nature of knowledge-based enterprises.
As mentioned earlier, knowledge-based firms, under the pressure of continuous development and significant growth
potential, are compelled to seek additional financing sources. Moreover, these enterprises have considerable opportunities
to obtain preferential loans and credits. Conversely, the negative relationship between growth opportunities and short-
term debt aligns with the trade-off theory. The realization of growth opportunities is typically associated with high risk and
increased expected financial distress costs, which limits debt (Lerner et al., 2022). Furthermore, knowledge-based firms,
having access to preferential loans, reduce their short-term debt. Similar, mixed findings are consistent with previous
analyses. The positive relationship between growth opportunities and financial leverage was demonstrated by Castro et al.
(2015) in early-stage and declining-phase technology firms. According to these authors, during the maturity period, the
impact of growth opportunities on financial leverage was negative.

The last capital structure factor analyzed was employment costs. In knowledge-based firms, these costs have a negative
impact on financial leverage. High fixed costs associated with the salaries of highly skilled scientific and technical staff,
as well as other R&D expenditures and the associated information asymmetry, are characteristic of these entities. These
expenses represent a significant financial burden and consume a substantial portion of the generated income (Neville
& Lucey, 2022). Due to banks’ reluctance to finance risky ventures, these firms are forced to issue equity. These findings
align with previous studies indicating that knowledge-based firms follow the modified pecking order theory. This theory
suggests that companies relying on the external acquisition of technology (i.e., with high intangibility) are more successful
in attracting external financing, whereas firms focusing on internally generated innovation through R&D activities tend
to deter external capital (Kedzior et al., 2020; Taglialatela & Mina, 2024; Minola et al., 2013; Serrasqueiro et al., 2016; Cosh
et al,, 2009).

However, recent changes in the financing environment for innovation-driven businesses have alleviated some of the
challenges associated with low capital availability and high capital costs through FinTech credit (Thakor, 2020). Girardone
et al. (2024), using a sample of 3,491 non-financial firms operating in 38 OECD countries between 2015 and 2021,
explored the impact of FinTech credit on firms’ cost of capital and capital structure. They observed a significant reduction
of approximately 5.5% in the cost of debt and 3% in the cost of equity. Moreover, their findings highlight that FinTech
credit has a particularly pronounced effect on firms operating in more innovative industries.

The comparative analysis of Tables 5 and 6 reveals both similarities and differences in the intensity and significance
of size, industry, country, and year effects on the financing patterns and capital structures of knowledge-intensive sectors
(M and ]) versus traditional sectors (A, B, C,D,E,F, G, H,I, L, N, P, Q R, S), reflecting the varying financial behaviors and
constraints across these two broad groups of industries.

The size effect is significant in both knowledge-intensive and traditional sectors but manifests with varying intensity.
In knowledge-intensive sectors, firm size significantly affects long-term debt (LTD), with both medium and large firms
exhibiting significantly different debt levels compared to small firms. For short-term debt (STD), only large firms differ
significantly from small firms, while total debt (TTD) shows no size effect. This pattern might reflect the resource
constraints of small firms in accessing long-term financing, particularly in innovation-driven sectors where intangible
assets dominate and limit collateral availability.

In traditional sectors, the size effect is slightly broader. Both medium and large firms show significant differences
from small firms in total and long-term debt, likely highlighting their superior access to both types of financing. However,
similarly to knowledge-intensive sectors, firm size does not significantly affect short-term debt, suggesting a shared
reliance across all sizes on short-term liquidity management. These results show that while larger firms generally benefit
from enhanced credit access across all sectors, the impact of size on long-term financing is more pronounced in traditional
sectors due to their greater reliance on tangible assets.
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The effect of firm size has been confirmed in many other studies, such as Che-Yahya et al. (2022), Castro et al. (2015),
and Magri (2009). As Hadhri et al. (2016) highlighted, firm size determines access to innovative solutions, enables risk
diversification, and creates the potential to obtain the benefits of economies of scale. The differences in innovativeness
between smaller and larger firms may arise from the greater productivity, assets, and financial power typically possessed
by larger businesses (Civelek et al., 2021). For these reasons, larger firms are generally able to invest more in innovative
activities. Conversely, smaller firms are more specialized and exhibit better internal communication. This allows them to
continuously introduce new products to the market, develop improved processes, change organizational structures, and
enter new markets (Avermaete et al., 2003).

The country effect is robust in both groups, significantly influencing all types of debt (T'TD, LTD, STD). Firms
in countries like Belgium, Hungary, and Germany differ markedly from Austria, the reference country, in their debt
structures. This consistency across Tables 5 and 6 highlights the importance of national financial systems and regulatory
environments in shaping access to debt. However, the degree of variation is likely greater in traditional sectors, given
the broader range of industries and their dependence on country-specific financial market characteristics. In contrast,
the country effect in knowledge-intensive sectors may be tempered by the relatively homogenous financial needs of
firms focused on R&D and innovation, which often benefit from EU-level support mechanisms and policies favoring
knowledge-driven industries.

The variation in debt levels among European enterprises across different countries has been demonstrated in many
other studies, such as Kedzior (2012). At this point, it is important to highlight the significant differences in local conditions
across the analyzed countries. These conditions influence the level of innovation development in each country, as shown
in Figure 1 and Figure 2.

Sectoral differences are significant in both groups but exhibit varied intensity. In knowledge-intensive sectors, the
industry effect is confined to total and long-term debt, where the Professional, Scientific, and Technical Activities sector
(M) differs significantly from the Information and Communication sector (J). These differences likely arise from slight
variations in asset tangibility and business models, despite the sectors’ shared focus on intangible, knowledge-based
activities. Short-term debt shows no industry effect, reflecting the similar liquidity management strategies of these two
closely related industries.

In traditional sectors, the industry effect is more persistent, significantly influencing total, long-term, and short-term
debt. This reflects the diverse financial behaviors of traditional industries, where asset structures, market stability, and
operational risks vary widely. For example, manufacturing sectors with high asset tangibility likely exhibit greater reliance
on long-term debt, while seasonal industries like agriculture rely more on short-term financing. It is natural, however, to
observe a slightly weaker industry effect in the group of knowledge-based sectors, which is composed of only two NACE
sectors (M and J), compared to the group of other sectors, which is inherently larger and more diverse. Similar findings
were obtained by Castro et al. (2015), who showed that the debt levels of European technology firms and entities from
other sectors differ. The industry effect has also been confirmed in other studies, such as those by Kokoreva et al. (2023)
and Che-Yahya et al. (2022).

Similar conclusions can be drawn regarding the year effect, indicating that the capital structure of the examined
enterprises changed over the years. The year effect is evident in both groups, capturing temporal variations in debt levels
relative to the reference year 2000. These changes could be attributed to fluctuations in the economic situation and related
variations in the availability and cost of capital (Brown & Lee, 2019; Yang, 2022).

In knowledge-intensive sectors, significant year effects align with broader economic trends, such as post-crisis
recovery or policy-driven shifts favoring innovation financing. Similarly, traditional sectors show pronounced year effects,
particularly during periods of economic upheaval, highlighting the influence of macroeconomic conditions on debt usage.

A remarkable difference is the intensity of the year effect. In traditional sectors, the year effect is more widespread
across debt types, reflecting their sensitivity to cyclical economic changes. In knowledge-intensive sectors, the year effect
might be reduced by the targeted financial support and policy stability that often protects innovation-driven firms during
economic downturns.

In summary, the study’s results indicate that knowledge-based firms primarily shape their capital structure according
to the pecking order theory. This is demonstrated by the negative relationships between debt and profitability, non-debt
tax shield, financial liquidity, and, to some extent, asset structure, along with the positive relationship between growth
opportunities and debt. These findings align with previous studies, such as those by Castro et al. (2015), Che-Yahya
(2022), and Neville and Lucey (2022).
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In contrast, the negative relationship between debt and employment costs suggests that the capital structure of
knowledge-based firms can be partially explained by the modified pecking order theory (Taglialatela & Mina, 2024; Minola
etal., 2013; Serrasqueiro et al., 2016; Cosh et al., 2009). Traditional firms displayed similar patterns. The capital structure
of these entities can best be explained by the pecking order theory, as evidenced by the negative relationships between
debt and profitability, partially asset structure and liquidity, and the positive relationship between growth opportunities
and debt. Additionally, the positive impact of the non-debt tax shield on debt aligns with agency theory. It is worth noting
that in both groups, the positive impact of asset structure on long-term debt aligns with the trade-off theory. Moreover,
in traditional firms, the positive relationship between long-term debt and financial liquidity provides further support for
the trade-off theory.

These observations provide support for the first hypothesis, which suggests that the capital structure of knowledge-
based firms is distinctive and differs from that of other firms. The second hypothesis was only partially confirmed, as the
impact of some capital structure determinants on the debt of knowledge-based firms and traditional entities differs only
to a certain extent.

CONCLUSION

The research findings support the first hypothesis, which assumes a differentiation between the financing patterns of the
two groups of firms and their determinants. These differences are primarily reflected in the influence of intangible assets
and employment costs on the debt of the analyzed companies. Knowledge-based firms align with the pecking order theory;
however, to some extent, patterns characteristic of the modified pecking order theory also emerged within this group. This
indicates that these firms primarily rely on internal sources of financing, turning to external financing, especially bank
loans, only after exhausting internal funds. However, due to high capital requirements associated with substantial R&D
investments and accompanying risks, these firms may face difficulties in obtaining bank loans. Consequently, they are
often compelled to seek more expensive capital through equity issuance. This issue is partly mitigated by a well-developed
support system for innovative activities, as such entities can access a wide range of financial instruments dedicated to
them by the European Union and individual national governments, such as preferential loans.

Traditional firms, on the other hand, shaped their capital structure primarily in line with the pecking order theory,
although some of their financing patterns also align with the agency and trade-oft theories. These conclusions also support
the first hypothesis.

The second hypothesis was only partially confirmed. The impact of capital structure factors varied only to a certain
extent between the two groups of analyzed companies. These differences were especially evident in the relationships between
debt and intangible assets, non-debt tax shields, and employment costs on the capital structure of the examined firms.

These findings directly address the research questions by demonstrating distinct patterns in financing behavior
between knowledge-based and traditional firms and revealing the varied impact of specific determinants on their capital
structures. The observed reliance on equity issuance in knowledge-based firms, for example, highlights the sector-specific
financing challenges hypothesized at the study’s outset.

The analysis reveals that their intensity and scope differ, while size, country, industry, and year effects are significant
in both knowledge-intensive and traditional sectors. Traditional sectors exhibit broader variability across countries,
industries, and years, reflecting their diverse asset bases and financing needs. In contrast, knowledge-intensive sectors
demonstrate more focused variations, influenced by their reliance on intangible assets and alignment with policies
supporting innovation. These findings highlight the unique financial behavior of knowledge-based industries and the
broader structural heterogeneity of traditional sectors.

The results of this study have several practical and theoretical implications. First, by understanding the characteristics
of variables describing the capital structure of knowledge-based firms and traditional businesses, analysts can use these
findings to identify what constitutes a typical capital structure for each group of firms. Second, the identified similarities
and differences in capital structure, along with the influence of various factors, enhance the current knowledge of financial
decision-making in both knowledge-based firms and traditional businesses. Knowledge-based enterprises should avoid
excessive reliance on internal finance, as it could negatively affect their innovativeness. Instead, they could enhance
their dependence on new equity finance and debt finance, particularly bank loans and trade credit. Furthermore, given
the potential for obtaining cheaper and more accessible capital, innovative firms should increasingly utilize alternative
financing sources, especially FinTech solutions. Third, the results may prove useful for policymakers and investors
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operating in the analyzed countries. Most importantly, due to the crucial role of innovation, especially its link to the socio-
economic situation of a country, there is a need to intensify efforts to stimulate the development of knowledge-based
enterprises. These efforts should focus on areas that hinder or limit the scale of innovation projects. Given the challenges
associated with financing innovative activities, it is essential to create additional governmental support instruments and
continue existing programs for both early-stage and established firms. Moreover, due to the greater risk of innovative
activities compared to traditional ones, policymakers should implement initiatives that provide not only increased
financial support but also educational assistance for knowledge-based enterprises. Collaboration with institutions such
as patent and trademark registration offices is also essential to reduce barriers for these businesses when implementing
innovative products and strategies.

Due to limitations associated with the data obtained from the BACH database, the analysis includes only selected
European countries. Furthermore, the available data are highly aggregated, which has led to a significant generalization of
the results. Another issue was the inability to include a variable that is crucial in the context of knowledge-based activities,
namely, research and development expenditures. This factor was partially represented by employment costs; however, it is
important to note that these costs are only a part of the overall research and development expenditures.

These limitations outline directions for potential further research. First, future studies should be expanded to include
all European Union countries. Additionally, broadening the sample to encompass non-European contexts or emerging
markets would enable an assessment of whether the findings are consistent across diverse economic environments.

Second, they should consider individual, disaggregated sectors and specifically selected groups of enterprises within
these sectors. Collecting more detailed data at the firm level, rather than relying on aggregate industry-level data, would
provide a more precise understanding of capital structure patterns. These firms should be chosen according to the definition
of knowledge-based enterprises (Neville & Lucey, 2022), i.e., entities that have above-average research and development
expenditures in their country and a higher proportion of scientific and technical staff compared to other firms.

Third, the unexpected positive impact of risk on total debt in the group of knowledge-based firms, likely related to
the interventionist policies of the EU and member states regarding these entities, needs further, in-depth investigation as
it is challenging to interpret definitively.

Finally, examining how macroeconomic fluctuations and policy reforms influence the capital structure choices of
knowledge-intensive firms would contribute to a better understanding of the sector’s specific characteristics.
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