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Abstract: This study investigates the relationship between intellectual capital 
components and innovation on a sample of 1243 Hungarian small and medium 
sized enterprises (SMEs) drawn from the Global Competitiveness Project (GCP). The 
results of the logistic regressions reveal a significantly positive effect of structural 
capital and relational capital on innovation, whereas the impact of human capital is 
not significant. The results show the importance for entrepreneurs of strengthening 
intellectual capital in order to increase SMEs innovation, and advise policymakers on 
how to mobilize support schemes for the renewal of SMEs with low individual but high 
collective innovation potential. Instead of examining large enterprises and startups, 
the novelty of the study relies on the analysis of the connections between intellectual 
capital components and innovation in the context of mature Hungarian SMEs. 
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Resumen: El estudio investiga la relación entre los componentes del capital intelectual 
y la innovación en una muestra de 1243 pequeñas y medianas empresas (PYME) 
Húngaras extraída del Proyecto de Competitividad Global (GCP). Los modelos de 
regresión logística revelan un efecto positivo y significativo del capital estructural y el 
capital relacional sobre la innovación, mientras que el impacto del capital humano no 
es significativo. Los resultados muestran la importancia que tiene para los empresarios 
fortalecer el capital intelectual para aumentar la innovación de las PYMEs, y brindan 
una guía a los responsables políticos sobre cómo movilizar planes de apoyo para la 
renovación de PYMEs con bajo potencial innovador individual pero elevado potencial 
innovador colectivo. En lugar de examinar grandes o nuevas empresas, la novedad del 
estudio surge del análisis de las conexiones entre los componentes del capital intelectual 
y la innovación en el contexto de las PYMEs maduras localizadas en Hungría.
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1. Introduction
In Hungary – similarly to a number of other European Union countries – governmental efforts to foster innovation 

are primarily directed at enabling the activities of large enterprises, or other innovation-related organizations (e.g., higher 
education institutions, research centers) that are well endowed with innovation resources and capabilities (European 
Commission, 2016, pp. 38-58). This means that the micro-, small-, and medium-sized enterprises (SMEs), which are also 
crucial actors of the innovation ecosystem, often fall outside the scope of these efforts (Tian et al., 2020). This governmental 
approach represents an outdated view in the sense that the production of codified, research and development (R+D) based 
knowledge (Science, Technology and Innovation, STI) is indeed primarily tied to large enterprises, and organizations with 
high R+D+I budgets (Jensen et al., 2007). Simultaneously, SMEs play a leading role in the type of innovation that is based 
on the knowledge obtained from work processes, usage and interactions (Doing, Using and Interacting, DUI) (Parrilli & 
Heras, 2016).

In this study we argue that Hungary should rely more extendedly on the decentralized innovation resources and 
capabilities available in the SME sector. Even when such governmental intentions arise occasionally, interest is primarily 
vested in the young companies with great growth potential founded in response to the initiative, while the renewal of 
more mature, established enterprises with considerable DUI experience rarely appears as a priority (also in the literature) 
(Almus & Czarnitzki, 2003; Dai & Cheng, 2015). One reason for the importance of their support is the fact that they work in 
a familiar environment. Their incremental innovation activity poses lower risks, since they have learned how to recognize 
which of their projects are likely to fail, and as such are able to complete them sooner. They have in their possession a more 
diversified portfolio relative to startups that further decreases the uncertainty surrounding innovation (Coad et al., 2016). 
DUI innovation requires a completely different policy support regime, since instead of the direct innovation funding that 
often concerns physical resources, it recognizes human resources as the most important element of business renewal.

In this study we set out to showcase the innovation performance of Hungary and examine the relationship between the 
intellectual capital components and innovation by relying on the GCP dataset of 1,243 mature Hungarian SMEs, including 
456 SMEs reporting innovation outcomes.

The novelty and relevance of the study are the following:

- This study constitutes the first attempt to analyze the relationship between intellectual capital and innovation among 
Hungarian SMEs using the GCP dataset.

- The results enrich our knowledge regarding the mechanism through which intellectual capital and its components 
impact the innovation of SMEs.

- Unlike in the case of the main body of literature concerning the innovation of SMEs, mature enterprises are the focus of 
this study, as opposed to young startup businesses.

- Comparing to other studies concerning SME intellectual capital, our analysis is conducted on a relatively large sample.

Based on the recommendations of the latest intellectual capital publications, we focus on SMEs and not on large 
companies, the innovation context of impact mechanisms, and on the individual components of intellectual capital (e.g., 
Agostini & Nosella, 2017; Agostini et al., 2017; McDowell et al., 2018).

Moving on, we first discuss intellectual capital, its individual components, and its role on SMEs’ innovation activity. 
Second, we examine the innovation performance of Hungarian enterprises from a macro perspective based on the widely 
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known and cited Community Innovation Survey (CIS) and European Innovation Scoreboard data (EIS). Third, we show the 
interrelationships of intellectual capital and innovation, as well as the areas of innovation in terms of existing/new products/
services and existing/new technologies, their intensity, and success rate at the micro level using the data contained within 
the GCP dataset of 1,243 Hungarian SMEs.

2. Literature review and hypotheses
Similar to other complex social science concepts, intellectual capital has no generally accepted definition. The seminal 

study of Nahapiet and Ghoshal (1998) defines intellectual capital as ‘the knowledge and knowing capability of a social 
collectivity’ (p.245). The omnipresent concept of knowledge is defined by Marshall (2009) as ‘our most powerful engine 
of production’ (p. 99), to which everyone’s work contributes. In the business context, two types of knowledge have been 
identified: explicit and tacit knowledge. Explicit knowledge is coded, and therefore easier to pass on, while tacit knowledge 
is implicit, and therefore difficult to identify or to disseminate (Edvinsson & Sullivan, 1996). However, to be able to generate 
value for the company, the sources of knowledge must be continuously and actively identified (Lerro et al., 2014). The 
literature treats knowledge as a type of intangible asset, which represents value for the company (Kaufmann & Schneider, 
2004). Knowledge could also be viewed as a type of intangible asset representing value for the firm (Kaufmann & Schneider, 
2004). Since the value is difficult to grasp or to define in material terms, intellectual capital measurement is complicated. The 
risk associated with such intangible assets is generally higher than with classic tangible assets. As such, most professionals 
are reluctant to include immaterial or intellectual capital in reports alongside physical and financial assets (Gu & Lev, 2010).

Intellectual capital components include human capital, structural capital, and relational capital (Harangozó, 2007; 
Obeidat et al., 2021). Structural capital refers to the elements of knowledge in the company that are unrelated to humans. 
Relational capital represents the elements of knowledge obtained from the network of the company. Human capital 
denotes knowledge acquired by the individuals that positively contributes to both corporate value creation and individual 
performance. It is also closely related to the individual in possession of it, the organization cannot own it (Sveiby, 1997). 
Irrespective of whether the company operates in a knowledge intensive industry, the recognition and management of the 
knowledge embedded within the enterprise is vital for its long-term survival (Montequín et al., 2006). The management of 
intellectual capital represents a challenge for company executives; with the right strategy it opens up new avenues for company 
management, profit realization, and technology adoption, and could become an important source of competitiveness for 
enterprises (Obeidat et al., 2021).

The contents of the individual components of intellectual capital are showcased in Table 1 in detail. Table 1 also serves 
to identify the components of the intellectual capital of Hungarian SMEs included in the sample (Appendix 1), and to enable 
the empirical study of their characteristics in the later chapters of the study.

So far, our emphasis has been on knowledge gains. However, in practice the key to success is the ability to innovate, 
or how the business could utilize this internal and external knowledge. This capability is called absorption (Cohen & 
Levinthal, 1990; Akhmetshin et al., 2017). Based on the CEDEFOP (2012) report, absorption capability is determined by 
the already known intellectual capital (Alvino et al., 2020; Obeidat et al., 2021; Mirza et al., 2022). Knowledge, both STI 
or DUI based, is the precondition for innovation that is mainly affected by the practical experiences and training of the 
employees, managers and owners. Organizational culture determines how the company is able to respond to novelty. In the 
absence of appropriate, receptive culture, and in the case of organizational resistance, attempts at innovation often wither 
away (Crepon et al., 1998; Lööf & Heshmati, 2006).
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Table 1: Components of intellectual capital

Human capital Structural capital Relational capital

Expertise Organizational culture Relationship with customers

Practical experience Quality of cooperation and communication 
within the organization

Relationship with suppliers

Social competencies IT-infrastructure (hardware and software) Relationship with investors/owners

Motivation Knowledge transfer and knowledge 
retention

Relationship with external 
educational institutions 

Leadership competencies R+D infrastructure related to product 
development

Acquisition of external knowledge

Personal skills and competencies R+D infrastructure related to process 
innovation

Social responsibility

Continuous professional training Organizational structure Corporate image

Training of new entrants Organizational processes Relationship with other social and 
economic actors

Participation in higher education Usage of information and communication 
technologies

Participation in other forms of education Organizational forms that support learning 

Source: based on (CEDEFOP, 2012, p.23).

Besides the internal business determinants, external actors also play a marked role in innovation. Relationships with 
external actors (buyers, suppliers, competitors, different agencies, supporting organizations, etc.) provide the requisite 
information and knowledge for innovation. Network relationships are often able to compensate for the lack of resources 
that are particularly important in the case of resource-constrained small enterprises (Cohen & Levinthal, 1990).

Innovation activity is by itself the primary determinant of innovation together with strong competition, technological 
investments, and the need for the optimization of internal processes. Innovation activity is determined by two things, the 
ability to innovate and absorption, irrespective of whether the subject of innovation are the goods/services, production of 
goods/provision of services, the applied financial, marketing, management, and other methods or business models of the 
company (Cohen & Levinthal, 1990; Akhmetshin et al., 2017). Recent studies reinforce that the ability to innovate, and 
absorption are positively related to changes in the intellectual capital components of the company (Alvino et al., 2020; 
Obeidat et al., 2021; Mirza et al., 2022). 

SME literature has examined intellectual capital in terms of various contexts. Some have identified the positive 
relationship between innovation and the intellectual capital components (e.g., Agostini & Nosella, 2017; Agostini et al., 
2017). Others have observed that intellectual capital has a direct effect on business performance (e.g., McDowell et al., 
2018; Khan et al., 2019; Beltramino et al., 2021; Adusei et al., 2022; Bansal et al., 2022), organizational climate (Dabić et 
al., 2018), internationalization (e.g., Reza et al., 2021; Villanueva-Flores et al., 2022), growth (e.g., Eklund, 2020; Dimitrov 
& Cozzarin, 2021), sustainable development (Alvino et al., 2020), competitiveness (Obeidat et al., 2021), and resilience 
(Agostini & Nosella, 2022).

In the following we focus on studies that examine the interrelationships between intellectual capital and its components 
and SME innovation. Agostini et al. (2017) demonstrated a positive relationship between the intellectual capital components 
and innovation performance based on a sample of 150 manufacturing SMEs in the medium- and high-tech industries. 
McDowell et al. (2018) uncovered a relationship between human capital and organizational capital and organizational 
performance that was mediated by innovation. Agostini and Nosella (2017) established through the examination of 150 
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machine- and instrument-producing Italian SMEs that human capital is directly related to radical innovation, however 
its effect is moderated by the other two components. They found that organizational capital positively moderates the 
relationship between relational capital and radical innovation. Agostini and Nosella (2017) also observed the positive impact 
of intellectual capital on innovation and organizational performance based on a sample of 259 Argentine manufacturing 
SMEs. Dabić et al. (2018) captured the positive relationship between intellectual capital components and innovation 
through the lens of innovation culture based on a sample of 253 Croatian SMEs. Adusei et al. (2022) concluded through the 
examination of 244 Ghanaian SMEs that innovative leadership attitude and organizational ambidexterity simultaneously 
mediate the relationship between intellectual capital and performance. In the case of 170 Iranian SMEs, Hayaeian et al. 
(2021) found that intellectual capital is positively related to innovation, however, the effect of the human capital component 
only proved significant in the case of radical innovation, and not in the case of incremental innovation.

Based on the empirical literature we formulate the following hypotheses:

Hypothesis 1: The intellectual capital is positively related to SME innovation.

Hypothesis 2: The human capital component of intellectual capital is positively related to SME innovation.

Hypothesis 3: The structural capital component of intellectual capital is positively related to SME innovation.

Hypothesis 4: The relational capital component of intellectual capital is positively related to SME innovation.

In addition, we can also examine the relationship between small, family-owned enterprises and innovation. We now 
know that family businesses unequivocally differ from their non-family-owned counterparts in terms of both performance 
and the ways of operation and management (Miller et al., 2007; Poza & Daugherty, 2014). Therefore, another examination 
is worthwhile. Lately, inquiries into the innovation activity of this type of enterprise has received outstanding attention 
from researchers (Rovelli et al., 2021), and the results have shown that family-owned small enterprises are among the most 
innovative ones (Rondi et al., 2019).

3. The innovation performance of Hungary
It is widely known that there is an ongoing digitalization driven technological revolution is going on all around the world. 

Traditional knowledge transfer has been superseded by international, cooperation based, common knowledge creation. Innovation 
systems are globalizing to an increasing degree. At the same time, the Schumpeterian creative destruction (Schumpeter, 1943), 
described by the explosive growth of new industries and technologies also leads to the disappearance of traditional industries. 
These changes challenge traditional economic policy makers, especially in those countries where innovation systems perform 
less efficiently. Hungary falls into this category. In the following section let us review the performance of Hungary based on the 
measurements of the European Union’s (CIS) and (EIS).

The share of innovative businesses in the EU – employing more than 11 employees – is summarized by CIS (2020). Based on the 
latest data from 2020 (Table 2), 48.5% of small businesses in the EU with 11-49 employees were innovating, while 79.7% of large 
enterprises implemented some sort of innovation in the three years that preceded the survey. This means that there exists a 1.64 
times difference based on firm size. Significant differences exist among countries: there is a nearly seven-fold difference between 
the leader, Greece (72.6%) and the last Romania (10.7%). Hungary ranks only 25th among the 27 members of the EU, whereby 
just 29.2% of its businesses employing 10+ employees were considered innovating in 2020. Just over one third of SMEs, and just 
over half of large enterprises introduced some form of novelty in the three years that preceded the survey that leaves Hungary well 
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below the EU average. This ranking is worse than the overall innovation performance, where the country achieved somewhat better 
results.

The EIS report yearly the innovation performance of the EU member countries. In 2022, the overall performance 
of Hungary was 76.7 points that was 70% the 109.9 points of the EU average (Figure 1). As a result, Hungary ranks 21st, 
leaving it in the last group of countries, among the emerging innovators cluster. As comparing to other former socialist 
countries, Hungary ranks ahead of Croatia, Slovakia, Poland, Latvia, Bulgaria and Romania, but lags considerably behind 
Estonia, Slovenia, Czechia and Lithuania. If we look at the changes over time, the EIS scores averaged around 70-72 points 
between 2015 and 2018, relative to which a moderate decline took place in 2019. At the same time, between 2020 and 
2022, a marked improvement could be observed.

Table 2: Share of innovative enterprises within the EU27 countries based on CIS 2020.

Country Overall Small enterprises Medium enterprises Large enterprises

Greece 72.6% 71.2% 77.5% 90.7%

Belgium 71.3% 67.7% 82.1% 90.6%

Germany 68.8% 64.1% 78.9% 92.5%

Finland 68.7% 65.3% 76.7% 86.7%

Cyprus 65.8% 63.4% 77.2% 83.3%

Sweden 65.2% 62.8% 72.2% 87.2%

Estonia 64.2% 60.9% 73.9% 92.6%

Austria 60.0% 54.6% 75.6% 89.1%

Denmark 57.7% 56.5% 58.5% 74.9%

Ireland 57.6% 50.7% 61.4% 83.1%

Czechia 56.9% 52.4% 66.6% 83.3%

Netherlands 55.8% 51.9% 67.7% 72.9%

Italy 55.7% 52.8% 70.1% 79.4%

Slovenia 55.2% 50.0% 70.5% 91.8%

Croatia 54.9% 51.7% 65.4% 83.4%

France 54.8% 50.4% 67.8% 83.0%

Lithuania 53.0% 46.2% 72.2% 91.8%

Portugal 51.1% 47.0% 66.5% 85.4%

Luxembourg 45.8% 42.6% 51.1% 73.5%

Malta 41.1% 37.2% 53.7% 76.3%

Slovakia 36.6% 31.2% 47.6% 65.5%

Bulgaria 36.2% 31.1% 50.5% 76.8%

Poland 34.9% 30.0% 47.8% 69.4%

Spain 33.4% 29.0% 51.2% 67.7%

Hungary 32.7% 29.2% 43.7% 56.6%

Latvia 32.0% 28.6% 41.9% 67.2%

Romania 10.7% 9.4% 13.3% 22.6%

EU 27 average 52.7% 48.5% 65.2% 79.7%

Source: CIS 2020.
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Figure 1: Innovation performance of the 27 EU members based on the EIS 2022
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Examining the components of the overall EIS innovation performance, it becomes clear that the partial performance of 
the individual elements is uneven. In the case of linkages, sales impacts, finance and support, attractive research systems 
and the use of information technologies, the scores are above the 70% average. In the case of linkages, we highlight the ratio 
of innovative SMEs participating in different cooperation arrangements (83% of the EU average), which is an encouraging 
value. This positive picture is clouded, however, by the fact that the high value is the result of public-private co-publications, 
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and not that of innovative SME collaborations. Digitalization, firm investments, and environmental sustainability are around 
the 70% Hungarian average. However, considerable catch-up is required in the areas of human resources, innovators, 
intellectual assets, and employment impacts. Interestingly, the issues regarding human resources appear to be more severe 
than financial problems that is related to the underdeveloped nature of the Hungarian educational system. In the case of 
the financing position, the low R+D expenditure of the public sector deserves special attention. Critically low score can be 
observed in the innovator category, where 32.2% of SMEs undertaking process innovation is particularly alarming relative 
to the EU average. Convergence in the absence of digitalization-based process innovation is hardly conceivable.

Examining the expressly business natured EIS components, we find that the value of in-house product innovators with 
market novelties is fairly high (88.5%), while the value of in-house market innovators without market novelties, which 
are not new to the market (53.1%) is low, pointing to an absorption problem, a notion that is reinforced by the value of 
innovators that do not develop innovations themselves (54.3%). The value of innovation active non-innovators is high 
(91.6%). However, it seems that these activities do not often lead to the successful introduction of innovations to the market. 
The value of non-innovators with potential to innovate is outstanding (225.8%) that could indicate motivation problems. 
The value of in-house business process innovators (29.5%) relative to the EU average is critically low; however, this is hardly 
surprising given the generally low levels of business process innovation.

The CIS and EIS aggregate the characteristics and determinants of innovation in the EU countries and Hungary from 
a macro perspective. In the following section, we examine all of this from a micro perspective by utilizing the Hungarian 
dataset of the GCP, with special emphasis on the analysis of the interrelations of intellectual capital.

4. The characteristics and interrelationships of SME innovation and intellectual capital based on the Hungarian 
dataset of the GCP

In this section, we examine the innovation variables of SMEs and the intellectual capital components that directly and 
indirectly contribute to innovation activity, based on firm level data. For empirical illustration, we utilize the Hungarian 
SME dataset of the Global Competitiveness Project (GCP) (https://www.sme-gcp.org/). The data was collected with the help 
of participating institutions and specialized service providers between 2016 and 2022. The broader aim of the questionnaire 
was to measure firm level competitiveness based on the performance of individual competencies. The questionnaire 
placed special emphasis on the assessment of the determinants of the areas and results of innovation, as well as those of 
intellectual capital as identified by the conceptual model. The entire process of the survey and the construction of the dataset 
represent methodology under the professional supervision of the GCP (Lafuente, et al., 2020a; Lafuente et al., 2020b). The 
questionnaire used by GCP teams is homogeneous for enhanced comparability of results. Recent work by Alonso and Leiva 
(2019), Balogh et al. (2021), Lafuente and Vaillant (2021a), and Lafuente et al. (2021b) corroborate the validity and robustness 
of the GCP databases.

The course of the survey was the following: After initially establishing communication through the phone, personal 
meetings took place. In the case of enterprises with less than 20 employees, the respondents were one of the owners involved 
in the operational management of the firm, and in the case of enterprises with more than 20 employees, one of the leading 
officials of the SME (irrespective of ownership position). The interviewer of the questionnaire provided support throughout 
the process, during the course of which closed questions had to be answered almost exclusively. The questionnaire has 
been widely used since 2013 for research purposes, and as such all ambiguous or misleading questions had already been 
deleted or corrected before 2016. The incoming data was checked and filtered under a strict procedure. Only companies 
with all the requisite data available were subjects of subsequent analysis. In connection to this, companies employing less 
than 5 employees, and those that came under bankruptcy, liquidation in case of solvency, liquidation in case of insolvency, 

https://www.sme-gcp.org/
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or involuntary dissolution proceedings before 28th March 2022 were omitted from the list. This process of filtration and 
preparation resulted in a sample size of n=1,243. Table 3 shows a detailed breakdown of the sample in terms of firm size 
categories based on the number of employees.

Table 3: Composition of the sample based on firm size categories (n=1 243)

SME size categories Frequency (number of firms) Relative frequency (%) 

1: smaller sized microbusiness 
(0-4 employees) not considered in the present study

2: larger sized microbusiness 
(5-9 employees) 386 31.1% 

3: smaller sized small business
(10-19 employees) 382 30.7% 

4: larger sized small business 
(20-49 employees) 382 30.7% 

5: medium business
(50-249 employees) 162 13.0% 

Total: 1,243 100.0%

The average business employs 26.0 employees and has 21.1 years of market experience. 26.3% of companies are active in 
the industrial sector (construction sector excluded), 13.4% in the construction sector, 28.8% in the retail trade and vehicle 
repair industries within the tertiary sector, and 31.5% in other service industries within the tertiary sector. The survey 
included questions related to the areas, intensity, and success rate of the existing/new product/service and existing/new 
technological innovations in the sense of the Oslo Manual; and the intellectual capital components.

In the sample, 36.7% of the 1,243 SMEs having 5-249 employees undertook activities to improve the existing/new 
products/services and technologies. The relative frequency of innovative business increases with firm size: Only 28% of the 
larger sized microbusiness engaged in innovation, the same ratio stood at 33% in the case of the smaller sized small business, 
45% in the case of the larger sized small business, and 50% in the case of the medium business. Table 4 provides a detailed 
breakdown of the areas of these development efforts, based on firm size.

Among the innovative SMEs, the ratio of those that conduct both product/service and technology innovation is 80.2%, so 
if a business is innovating it is innovating in more than one type. Among the innovating business, product innovation is the 
most “popular”, 92.8% of companies practice it. Moreover, a decisive majority of these business (more than 3/4) is developing 
their existing and new products simultaneously. Technology innovation is practiced by 84.0% of the 456 SMEs, 71.3% of 
which strive to both develop existing technologies and to introduce new products/services. 

Table 5 shows the success rate of innovation efforts. It can be concluded that approximately 2/3 of initiatives are successful, 
and that no meaningful difference can be observed between different types of innovation.

Intellectual capital consists of three components based on the CEDEFOP (2012) categorization (in details see Appendix 1). 
We captured the human capital components through the entrepreneurial capabilities of the leader, employee excellence, and 
the related human resource management functions. The variables describing the sophistication of production management 
and quality control systems, the uniqueness and application of ICT assets, information management, decision making, 
and administrative proceedings are suited for the components of structural capital. For the relational capital factor, we 
included business development, as well as the external contacts/partners supporting business development and innovation. 
The average normalized values of the intellectual capital in different size categories are reported in Table 6 (the descriptive 
statistics of these variables can be found in Appendix 2). 
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Table 4: The intellectual capital components and some innovation measures among the innovating SMEs in different size 
categories (n=456)

Size category SAMPLE
[Nos]

INNO
[%]

Product/service innovators 
within the size category [%]

Technological innovators within 
the size category [%]

OEP/S ONP/S E&NP/S OETech ONTech E&NTech

5-9 employees 386 28.0% 3.6% 2.1% 19.9% 5.4% 2.3% 15.3%

10-19 employees 382 33.0% 4.5% 2.9% 22.3% 7.9% 2.6% 16.0%

20-49 employees 313 45.0% 5.1% 5.4% 31.6% 4.8% 1.6% 31.6%

50-249 employees 162 50.0% 7.4% 1.9% 39.5% 8.6% 3.7% 33.3%

Total 1,243 36.7% 4.7% 3.1% 26.1% 6.4% 2.4% 22.0%

Note: INNO: product/service and/or technology innovators; OEP/S: only existing product/service innovators; ONP/S: only new product/service innovators; 
E&NP/S: existing and new product/service innovators; OETech: only existing technology innovators; ONTech: only new technology innovators; E&NTech: new 

and existing technology innovators.

Table 5: The success rate of the existing/new product/service and existing/new process innovation (n=456).

Type of innovation Number of respondents Average success rate [%]

Existing product/service innovation 293 67.5%

New product/service innovation 221 69.0%

Existing process innovation 252 66.0%

New process innovation 218 65.0%

According to Table 6, the intensity of innovation activity, the outcomes of initiatives, and the level of intellectual capital 
components all increase with business size. Table 7 presents the Pearson correlation coefficient values of the three intellectual 
capital components. While human, structural and relational capitals are significantly correlated to each other, the strengths 
of the correlations are at the medium level.

Table 6: The intellectual capital components and some innovation measures among the innovating SMEs in different size 
categories (n=456)

Function/size 5-9 
employees

10-19 
employees

20-49 
employees

50-249 
employees

Innovating 
sample

Intellectual capital 1.777 1.722 1.899 2.016 1.842

Human capital 0.587 0.561 0.595 0.606 0.585

Structural capital 0.622 0.623 0.695 0.766 0.670

Relational capital 0.568 0.539 0.609 0.644 0.586

Intensity of innovation activity 0.495 0.489 0.558 0.597 0.531

Number of inventions 4
(3 firms)

5
(3 firms)

13
(7 firms)

6
(3 firms)

28
(16 firms)

Number of patents 2
(2 firms)

10
(6 firms)

25
(16 firms)

43
(10 firms)

80
(34 firms)

Initiated patent registration in 
the past 3 years

0
(0 firms)

6
(4 firms)

7
(6 firms)

2
(1 firms)

15
(11 firms)
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Table 7: Correlation coefficients between the components of intellectual capital (n=1,243 SME)

Intellectual capital Human capital Structural capital

Human capital 0.721

Structural capital 0.801 0.415

Relational capital 0.811 0.351 0.466

* Correlation is significant at the 0.01 level (2-tailed).

5. Results and discussion
We used the methodology of binary logistic regression to examine the connections and test our hypotheses (Babbie, 

2020). The independent variables are the intellectual capital in Model 1, and the three components of intellectual capital in 
Model 2. The dependent variable is a binary variable in both cases, which denotes whether an SME undertakes innovation 
activity (1=innovates, 0=does-not-innovate). We included the headcount based firm size category, the industry, the firm age, 
and a binary variable denoting family-owned business in both models as control variables using the ENTER method. We 
applied logarithmic transformation in the case of firm age (this preserves the ratio of the differences between individual 
factors), while in the case of the other control variables we constructed dummy variables.

The generic formulas of the binary logistic regressions are shown by Equation 1 and 2 (Pituch & Stevens, 2015):

logit(p)=β0 + β1 X1 + β2 Z1 +β3 Z2 + β4 Z3 + β5 Z4 + ε           (1)

where:

logit(p) = the dependent variable of the logistic regression (the probability that a SME undertakes innovation activity);

X₁ = the independent variable of the logistic regression (intellectual capital);

Z₁ – Z₄ = the control variables of the logistic regression (firm size category, industry, firm age, family-ownership);

ε = error term.

logit(p)=β0+β1 X1 + β2 X2 + β3 X3 + β4 Z1 +β5 Z2 +β6 Z3 +β7 Z4 + ε          (2)

where:

logit(p) = the dependent variable of the logistic regression (the probability that a SME undertakes innovation activity);

X₁ – X₃ = the independent variable of the logistic regression (components of intellectual capital);

Z₁ – Z₄ = the control variables of the logistic regression (firm size category, industry, firm age, family-ownership);

ε = error term.

The general features of Model 1 and 2 (explanatory value, -2 Log likelihood, constant value, sample size) are presented 
in Table 8.
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Table 8: The binary logistic regression results
Independent and control variables Model 1 Model 2

Exp(B) Sign. Exp(B) Sign.

Intellectual capital 11.673 0.000 – –

Human capital – – 1.964 0.127

Structural capital – – 6.396 0.000

Relational capital – – 81.181 0.000

Family dummy 1.017 0.906 0.943 0.682

Size 10-19 headcount SME (5-9 headcount microbusiness) 1.150 0.425 1.146 0.448

Size 20-49 headcount SME (5-9 headcount microbusiness) 1.314 0.140 1.327 0.138

Size 50-249 headcount SME (5-9 headcount microbusiness) 1.081 0.734 1.059 0.812

Sector A: primary and secondary sector without construction (Sector C: retail trade) 2.356 0.000 2.401 0.000

Sector B: construction (Sector C: retail trade) 1.026 0.911 1.060 0.808

Sector D: tertiary sector without retail trade (Sector C: retail trade) 1.148 0.432 1.268 0.185

LN firm age 0.611 0.002 0.581 0.001

Model 1: Nagelkerke R2: 0.289 Cox & Snell R2: 0.211 -2 Log likelihood: 1338.700 Constant: -3.544
Model 2: Nagelkerke R2: 0.323 Cox & Snell R2: 0.236 -2 Log likelihood: 1298.809 Constant: -3.009

The χ² values of the omnibus tests calculated for the coefficients of Model 1 are 295.249, df is 9, while p is 0.000. Moreover, 
the p value of the Hosmer and Lemeshow test is 0.962, the correct classification ratio in the classification table improves 
from 63.3% to 73.0%, therefore the adequate nature of the logistic regression model can be accepted. It is apparent that based 
on the Nagelkerke R² value, the model explains 28.9% of the variance. 

In the case of Model 2, χ² values of the omnibus tests are 335.140, df is 11, while p is 0.000. The p value of the Hosmer and 
Lemeshow test is 0.746, the correct classification ratio of the classification table improves from 63.3% to 73.1%, therefore the 
adequate nature of the logistic regression model can be accepted in this case as well. Based on the Nagelkerke R² value, the 
model explains 32.3% of the variance.

Based on the empirical results of Model 1, intellectual capital is positively related to SME innovation and therefore 
Hypothesis 1 is confirmed. This result is not new, but rather confirming and it is in line with the findings of most studies cited 
in the literature review. It is more interesting to look at the relations of the intellectual capital components based on Model 2.

Human capital proved to be non-significant, therefore Hypothesis 2 is not confirmed. This is a surprising result, seemingly 
contradicting to previous studies that have identified a positive relationship (e.g., Agostini et al., 2017; Dabić et al., 2018). 
Other studies suggest that the effect of human capital is indirect (e.g., Agostini & Nosella, 2017; McDowell et al., 2018), or 
that it is only salient in the case of certain types of innovation (e.g., Hayaeian et al., 2021).

The relationship of structural capital is significant, as it is 6.396 times more characteristic of innovating SMEs. Based 
on this result Hypothesis 3 is confirmed. This means that while we were unable to establish the outstanding role of human 
related elements of knowledge in the sample, we were able to do so in the case of non-human related elements of knowledge. 
The result is along in line with the majority of the intellectual capital literature (e.g., Agostini & Nosella, 2017; Agostini et al., 
2017; Dabić et al., 2018; McDowell et al., 2018; Popa et al., 2021).

The effect of relational capital on innovation is also significant, as it is 81.181 times more characteristic of innovating 
as compared to non-innovating SMEs. Therefore, Hypothesis 4 is confirmed. The elements of knowledge derived from the 
network of the business seems to have the strongest effect on innovation out of the three intellectual capital components. 
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Other studies also confirm the importance of relational capital on innovation (Tsai et al., 2009; Agostini & Nosella, 2017; 
Agostini et al., 2017; Dabić et al., 2018; Beltramino et al., 2021; Franco et al., 2021; Villanueva-Flores et al., 2022). Since 
SMEs have no dedicated R+D departments, external support and structured cooperation with academics, researchers, and 
market participants is particularly important for successful innovation (Cohen & Levinthal 1990; Zajkowska, 2017).

Among the control variables, the family-owned business dummy and firm size categories do not exhibit significant 
differences, meaning that, after controlling for intellectual capital components, innovativeness is independent of firm size 
and family ownership, which results do not support the findings of Rondi et al. (2019) in the Hungarian SME sample. In the 
case of industry, only one instance of a significant result can be observed: relative to the reference variable, there is a greater 
likelihood of the SMEs executing innovation in the “primary and secondary sector without construction” category. The 
increase of firm age significantly (with a 0.581 odds ratio) decreases the likelihood of innovation.

6. Summary and conclusion
In this study, we have examined the innovation performance of Hungarian SMEs through the combination of macro- 

and micro- level approaches. In particular, we were interested in the effects of intellectual capital components on product 
and process innovation. While many other studies examined this relationship in large firms or startups, our sample mostly 
consisted of mature SMEs averaging around 21.1 years of age. Even though the innovation of mature SMEs is individually 
marginal, altogether SMEs play an important role in the innovation performance of a country. There have been several studies 
examining the effect of intellectual capital on innovation performance, however, we conducted research that decomposed the 
intellectual capital into its three components. Especially, relational capital, in a smaller degree structural capital has been 
found to affect innovation significantly. At the same time, human capital has proved to be insignificant. This surprising finding 
could be explained by the inappropriate capture of human capital variable from the dataset. It could also happen that SMEs 
human resources are generally weak in innovation related capabilities. This could be the reason why the relational capital – a 
potential substitute of lacking own human capital – component is so important in the innovation of Hungarian SMEs. 

We did not analyze in detail the age and the effects of industry on innovation. However, our results highlight that younger 
businesses are more committed towards innovation. This is in line with many other innovation studies. At the same time, we 
should not forget that mature SMEs could possess valuable resources. Intellectual capital components could counterbalance 
the negative age effect. Further inquiries are needed to examine the role of intellectual capital components over the different 
stages of the business life cycle.

Our results have important implications for SME owners and managers about the importance of intellectual capital in 
innovation. The network of external actors, and the non-human, structural capital elements of knowledge are particularly 
important for the successful renewal of the businesses. From a policy perspective, the innovation policy regime ought to be 
extended from the traditional, large firm dominated STI type of support to include DUI focused SMEs. However, further 
research is necessary to identify appropriate policy support tools and methods.
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Appendix

Appendix 1: The quantification of human capital, structural capital, and relational capital.

Human capital is the normalized value of the average of the following variables:

Variable ID Question ID Short description of the question Variable value
HC2 B10Q20 Problems related to employees e.g., low morale, low work 

intensity, missing or incomplete professional expertise, 
aversion to change 

0.00-0.25-0.50-0.75-1.00
where:

0 – there are problems with everything
1 – there are no problems

HC3 B10Q21 Forms of training: what percentage of employees 
participated in in-house or outside training, job rotation 

0.00-0.25-0.50-0.75-1.00
where:

0 – there was no training
1 – above 75%

HC4 B10Q26 Incentive schemes, e.g., reward scheme, with the after-
action review of the completed job; premium scheme, for 
predetermined tasks; incentives based on group or overall 

performance; cafeteria.

0.00-0.25-0.50-0.75-1.00
where:

0 – there is no incentive scheme
1 – 4 or more types of incentive schemes

HC5 B05Q15_11; 
B05Q15_12

Excellent leadership and highly motivated employees. 0.00-0.25-0.50-0.75-1.00
where:

0 – not different from competitors
1 – completely unique

CS3 B15Q08 The leader self-evaluates ten of their entrepreneurial traits on 
a scale of 1-5

0.00-0.25-0.50-0.75-1.00
where:

0 – the sum of the self-evaluation is 10 points
1 – the sum of the self-evaluation is 47 points and above 



18  TEC
 Em

presarial 2023, vol. 17, no. 2, pp. 1 - 19, ©
 2023

Appendix 1: The quantification of human capital, structural capital, and relational capital (Continuation).

Structural capital is the normalized value of the average of the following variables:

Variable ID Question ID Short description of the question Variable value
TECH4 B09Q01 Use of ICT assets, e.g., computer, laptop, 

internet, e-mail, intranet, webpage, web shop, 
special software (e.g., bookkeeping, CAD, 

CRM), billing, inventory control software, ERP.

0.00-0.25-0.50-0.75-1.00
where:

0 – the usage of ICT assets is uncommon, or only computer, laptop
1 – the simultaneous use of an ERP system or a solution less pervasive across multiple 

companies
TECH5 B05Q15_2; 

B05Q15_3; 
B05Q15_10

The degree to which the applied technology 
is advanced and modern, the existence of 

production control, quality assurance systems, 
the uniqueness of ICT 

0.00-0.25-0.50-0.75-1.00
where:

0 – not different from competitors
1 – completely unique

DEC3 B04Q17 The means of sharing information, e.g., 
the use of meetings, e-mails, information 

platforms or applications

0.00-0.25-0.50-0.75-1.00
where:

0 – there is no information sharing or there is only one type
1 – 5 or more types of information sharing

B04Q16 Consultation during decision-making, the use 
of advisory agencies when dealing with e.g., 
involved parties, leaders, owners, employees.

0.00-0.25-0.50-0.75-1.00
where:

0 – there is no consultation during decision-making
1 – wide ranging use of consultation and/or an advisory agency.

DEC5 B04Q11 Operation of the organization, administrative 
routines, e.g., written organizational structure, 
clear division of competencies, clarified chain 

of command, existing job descriptions.

0.00-0.25-0.50-0.75-1.00
where:

0 – the system of operations of the organization and the administrative routines are undefined
1 – the system of operations of the organization and the administrative routines are clearly 

defined
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Appendix 1: The quantification of human capital, structural capital, and relational capital (Continuation).

Relational capital is the normalized value of the average of the following variables:

Variable ID Question ID Short description of the question Variable value

NET1 B08Q01; 
B11Q10

Economic and innovation-based forms of cooperation, e.g., buyer-supplier 
network, license, consortium, strategic partnership, membership in a professional 

organization, franchise, cluster, domestic-foreign higher education institution, 
chamber, technological park, innovation agency

0.00-0.25-0.50-0.75-1.00
where:

0 – not party to any form of cooperation
1 – party to at least on meaningful form of cooperation

NET2 B08Q03 The sum of the duration of the forms of cooperation listed in the previous question 0.00-0.25-0.50-0.75-1.00
where:

0 – not party to any form of cooperation
1 – 15 years or above

NET3 B08Q04 The sum of the intensity (1-5) weighted average (10-50) of the types of external 
(10 types) help aiding development

0.00-0.25-0.50-0.75-1.00
where:

0 – there was no external help aiding development
1 – the sum of the intensity (1-5) weighted average of the types 
of external (10 types) help aiding development is 21 or above 

NET4 B05Q15_14; 
B05Q15_15

Stable long-term supplier, buyer relations and unique strategic partners. 0.00-0.25-0.50-0.75-1.00
where:

0 – not different from competitors
1 – completely unique

Appendix 2: The descriptive statistics of intellectual capital (as the sum of components), human capital, structural capital, and relational capital.

Complete sample (n=1,243 SME) Innovating SMEs (n'=456 SME)

Intellectual capital Human capital Structural capital Relational capital Intellectual capital Human capital Structural capital Relational capital

Mean 1.581 0.536 0.588 0.458 1.842 0.585 0.670 0.586

Median 1.587 0.526 0.600 0.438 1.864 0.579 0.700 0.563

Variance 0.211 0.030 0.037 0.049 0.164 0.034 0.027 0.037

Std. Deviation 0.460 0.174 0.193 0.222 0.404 0.183 0.165 0.192

Minimum 0.328 0.105 0.100 0.000 0.718 0.105 0.150 0.125

Maximum 2.797 1.000 1.000 1.000 2.797 1.000 1.000 1.000

Range 2.469 0.895 0.900 1.000 2.079 0.895 0.850 0.875

Skewness -0.030 0.178 -0.255 0.098 -0.118 -0.019 -0.515 -0.066

Kurtosis -0.398 -0.433 -0.571 -0.687 -0.435 -0.468 -0.064 -0.674
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